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21 s t Century's TDCs 
To meet the requirements of the next 

generation HEP Experiments, two leading 
European Physics Research Institutes have 

developed two ASIC 
Multihit Time-to-Digital Converters 

in VLSI technology. 

By integrating them in two single-width, 6U 
VME modules we have created two modular 

TDCs featuring an 
unprecedented density and the 

lowest price per channel 
achieved to this date.. 

They are available now to allow today's 
experiments to take advantage of 

next century's' technology. 

Type* V767 V693 
Width 1 slot 1 slot 1 slot 1 slot 
Channels 64 64 128 128 
Bits 21 16 20 16 
LSB 780 psec** 1 nsec 780 psec" 1 nsec 
DPR 10 nsec 5 nsec 10 nsec 5 nsec 
Conv. Time Nil Nil Nil Nil 
Output Buffer 2KWords 4 events 

6KWords 
32KWords 4 events 

12KWords 

*VME 6U Units ** 520 psec with speed graded ICs and 60 MHz Clock 

The V667 and V767 are based on an IC developed at CERN by the ECP-MIC Group 
The V673A and V693 are based on an IC developed for the KL0E experiment by INFN-Roma 
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CES PRESENTS: 
After the CPU... The Interconnection... 

PVIC: a 100 Mbytes/s PCI/PCI Transparent Connection 
Our PowerPC c o m p u t i n g co res provide t h e b e a t rea l - t ime pe r fo rmance f o r DAQ a n d acce le ra to r c o n t r o l . 

The PVIC ex tends t h i s pe r f o rmance t o w a r d s : • o t h e r p r o c e s s o r s w i th in t h e s a m e c ra te , 

• o t h e r p r o c e s s o r s in d i s t a n t c ra tes , • PCI equipped w o r k s t a t i o n s 

t r anspa ren t connection: no latency, reduces SW 
overhead 
15 nodes on up t o 2 0 0 meters 
i n t e g r a t e d PMA CTL s u p p o r t i n g linked l i s t s 
t r ansac t i ons with minimum CPU load 
suppor ts byte, word, long-word t r ansac t i ons 
b roadcas t & mu l t i cas t operat ion 

in te r rup t d ispatching, mailboxes, FIFOs, mirrored 
memory, efficient multiprocessor communicat ion 
with global semaphores 

3 different transmission media connect ing 3 

di f ferent t ypes of p la t fo rms (PCI, PMC, VME) 

l i b r a r y for CES bundled packages 

Example o f connection w i th t h e f i r s t members of the PVIC fami l y 

The PVIC implements a transparent mapping mechanism 
between PCI bus segments in much the same way than 

' VIC bus offers transparent mapping between different 
VME orates. It can connect PCI based processor boards 
to each other and to PCI based desktop workstations 

on three different distance scales: below 1 meter (e.g. 
within a VME crate, f la t cable, (3TL+), up t o 20 meters 
(PECL differential copper connection), and up to 200 
meters (&50 nm multimode fiber). Up to 15 nodes can 
be connected to form a single PVIC system. 
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For any additional information about this product or our complete PowerPC, PMC, Connections, VME, CAMAC and FASTBUS line, do not hesitate to contact us. 
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Muon colliders move nearer Figure 1 - Comparison of the sizes of various 
futuristic hadron-hadron and lepton-antilepton 
colliders. Shown are footprints for the First 
Muon Collider (FMC), Next Muon Collider 
(NMC), Next Linear Collider (NLC), and Very 
Large Hadron Collider (VLHC). These are 
compared with the footprint of the 27 
kilometre-circumference LHC at CERN, and 
the existing Fermilab site. 

Our present theoret ical prejudice 
is that new physics "beyond the 

Standard Mode l " will emerge in 
quark-ant iquark and lepton-ant i lepton 
(electron or muon) col l is ions at or 
approach ing the TeV energy scale. 
To fully explore the TeV scale wil l 
require at least one mul t i -TeV 
hadron-hadron col l ider to make a 
broad search for new physics, and 
one or more TeV scale lepton-
ant i lepton col l iders to make precis ion 
measurements of new phenomena . 

T h e next big step forward in 
advanc ing the hadron-hadron col l ider 
energy frontier will be prov ided by 
CERN 's Large Hadron Col l ider 
(LHC), a proton-proton col l ider wi th a 
centre-of -mass energy of 14 T e V due 
to come into operat ion in 2005 . 

T h e route towards TeV scale 
lepton-ant i lepton col l iders is less 
clear. The lepton-ant i lepton col l iders 
built so far have been e lect ron-
positron-col l iders like the Large 
Electron Positron col l ider (LEP) at 
C E R N and the Linear Col l ider (SLC) 
at SLAC. 

However , e lectrons are very light 
and like to radiate away their energy 
when they are accelerated. In a 
circular ring like LEP the energy lost 
per revolut ion in keV is 88.5 E 4 /r 
where the electron energy E is in 
GeV, and the radius of the orbit r is in 
metres. Hence, the energy loss 
grows rapidly as E increases. Th is 
l imits the centre-of -mass energy that 
wou ld be achievable in a LEP-l ike 
coll ider. 

T h e problem can be reduced by 
bui lding a l inear mach ine like the 
SLC, but technical cha l lenges still 
appear to make it very difficult in 
pract ice to approach and go beyond 
the TeV energy scale. 

For a lepton with mass m, the 
energy losses per revolut ion in a 
circular ring are inversely 

proport ional to m 4 . Hence, the energy 
loss prob lem can be solved by 
using heavy leptons. In pract ice this 
means using muons, which have a 
mass 207 t imes that of the e lectron. 
The result ing enormous reduct ion in 
radiative losses enables higher 
energies to be reached, and smal ler 
col l ider r ings to be used. Est imated 
s izes of the accelerator complexes 
required for 0.5 TeV and 4 TeV muon 
col l iders are compared with the sizes 
of other futurist ic col l iders in Figure 1. 

At least two generat ions of muon 
col l iders wou ld fit on exist ing 
laboratory si tes. A l though the cost of 
bui lding a muon coll ider is still 
unknown, it wou ld be relatively smal l 
and fit within an exist ing laboratory, 
so muon coll ider proponents expect 
the cost to be cheaper than 
al ternat ive futurist ic machines. 

Muon col l iders also offer some 
physics advantages. The smal l 
radiative losses give a very smal l 

beam energy spread, al lowing very 
precise measurements of the 
masses and widths of any new 
resonant states scanned by the 
coll ider. In addi t ion, s ince the cross-
sect ion for produc ing a Higgs-l ike 
scalar part icle in lepton-ant i lepton 
annihi lat ion is proport ional to m 2 this 
ext remely important process could be 
studied at a muon coll ider but not at 
an e lectron-posi t ron coll ider. 

The muon col l ider idea dates back 
to T in low (1960). There are 
signif icant chal lenges in designing an 
accelerator complex that can make, 
accelerate, and col l ide posit ive and 
negat ive muon bunches before 
nearly all of the muons have 
decayed , wh ich they do with a rest 
l i fet ime of 2.2 microsecs. However , at 
the 1995 Sausal i to workshop it was 
real ized that, wi th modern ideas and 
technology, it may be feasible to 
make muon bunches contain ing a 
few t imes 1 0 1 2 muons and , before 
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Figure 2: Schematic of the accelerator 
complex needed to produce, cool, and 
accelerate muons for a high energy muon 
collider. 

more than about half of the muons 
have decayed, compress the phase 
space occupied by the muons by a 
factor of 10 5 - 10 6 and accelerate the 
result ing intense muon bunch up to 
the mult i -TeV energy scale. 

It was also real ized that wi th careful 
des ign of the coll ider ring and 
shie ld ing it may be possible to 
reduce to acceptab le levels the 
backgrounds within the detector that 
ar ise f rom the very large f lux of 
e lectrons produced in muon decays . 
These real izat ions led to an intense 
activity involving a lmost 100 
accelerator and part icle physic ists, 
wh ich resulted in the muon col l ider 
feasibi l i ty s tudy report prepared for 
the 1996 Snowmass workshop . 

O ne year after Snowmass , 
encouraged by further progress in 
develop ing the muon col l ider concept 
together with the growing interest 
and involvement of the high energy 
physics communi ty , the "Muon 
Col l ider Col laborat ion" became a 
formal entity in May. The 
col laborat ion is receiving s t rong 
support and part icipat ion f rom 3 US 
laborator ies (Brookhaven, Fermi lab, 
and Berkeley) and a growing 
number of university groups. T h e 
goal of the col laborat ion is to 
comple te within a few years the R&D 
needed to determine whether a Muon 
Col l ider is technical ly feasib le, and if 
it is, to design the First Muon 
Coll ider. 

Figure 2 shows a schemat ic of a 
muon coll ider accelerator complex . 
In the example i l lustrated, proton 
bunches contain ing 5 x 1 0 1 3 part ic les 
are accelerated to energ ies of 16 
GeV. The protons interact in a target 
to produce approx imate ly 3 x 1 0 1 3 

charged pions of each s ign. These 
pions are produced wi th only a very 
l imited component of m o m e n t u m 
t ransverse to the incident proton 

direct ion, and can be conf ined within 
a beam channe l using, for example , 
a 20 Tes la co-axial solenoid with an 
inner radius of 7.5 cm . 

To col lect as many part icles as 
possible wi th in a useful energy 
interval, radiof requency (rf) cavit ies 
are used to accelerate the lower 
energy part icles and decelerate the 
higher energy ones. Muons are 
produced by al lowing the pions to 
decay into a muon plus neutr ino, 
wh ich they do with a rest l i fetime of 
2.6 x 1 0 8 s . 

For example , at the end of a 20 m 
long decay channel consist ing of a 7 
Tes la so lenoid with a radius of 25 cm 
each incident proton results in about 
0.2 muons of each charge. Wi th two 
proton bunches every accelerator 
cycle, the first used to make and 
col lect posit ive muons and the 
second to make and collect negat ive 
muons , there are about 1 0 1 3 muons 
of each charge avai lable at the end 
of the decay channel per accelerator 
cycle. 

If the proton accelerator is cycl ing at 
15 Hz, in an operat ional year (10 7 

sees) about 1.5 x 10 2 1 posit ive and 
negat ive muons wou ld have been 
produced and col lected. 

The muons exit ing the decay 
channel populate a very dif fuse six-
d imens iona l phase space (the 
vo lume occup ied by the beam t imes 
the vo lume in momen tum space) . 
The next step in the muon coll ider 
complex is to "cool" the muon bunch, 
i.e. to turn the dif fuse muon c loud 
into a very "bright" bunch with smal l 
longitudinal and t ransverse 
d imens ions , sui table for accelerat ing 
and inject ing into a coll ider. The 
cool ing must be done rapidly 
compared to the muon l i fet ime, and 
convent ional stochast ic and electron 
cool ing techn iques take too long. 

The new technique proposed for 
cool ing muons is cal led ionizat ion 
cool ing, and is i l lustrated in Figure 3. 
The idea is that the muons t raverse 
some mater ial in which they lose 
both longitudinal and t ransverse 
m o m e n t u m by ionization losses (dE/ 
dx). The longitudinal momen tum is 
then replaced using an rf 
accelerat ing cavity, and the process 
is repeated many t imes until there is 
a large reduct ion in the t ransverse 
phase space occup ied by the muons . 

The energy spread within the muon 
beam can also be reduced wi th 
ionizat ion cool ing by using a wedge-
shaped absorber in a region of 
d ispers ion (where the t ransverse 
posit ion is momen tum dependent ) . 
The w e d g e is ar ranged so that the 
higher energy part icles pass through 
more mater ial than lower energy 
ones. Initial calculat ions suggest that 
the phase space occup ied by the 
initial muon bunches can be reduced 
by a factor of 10 5 - 10 6 before 
mult iple cou lomb scatter ing limits 
further reduct ion. At the end of the 
ionizat ion cool ing channel each 
muon bunch is expected to contain 
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Making 
history, 
part 3 

about 5 x 1 0 1 2 muons wi th a 
m o m e n t u m of order 100 MeV/c . 

Rapid accelerat ion to the col l ider 
b e a m energy can be ach ieved in 
ei ther a recirculat ing l inear 
accelerator and/or a rapid cyc l ing 
synchro t ron. Posit ive and negat ive 
muon bunches are then in jected in 
oppos i te direct ions into a col l ider 
s torage ring and brought into col l is ion 
at the interact ion point. 

The bunches circulate and col l ide 
for many revolut ions before decay 
has deple ted the beam intensi t ies. 
For example , in a col l ider wi th 2 T e V 
muon beams (4 TeV col l is ion energy) 
and a c i rcumference of 8 km, the 
muon bunches wou ld make about 
1000 revolut ions before being 
"dumped" . New muon bunches wou ld 
be injected into the col l ider about 15 
t imes a second . 

There are many interest ing and 
chal lenging prob lems that need to be 
resolved before the feasibi l i ty of 
bui ld ing a muon col l ider can be 
demons t ra ted . For example , (i) the 
very intense proton bunches will 
destroy a sol id target, necessi ta t ing 
the deve lopment of a l iquid meta l jet 
target, and (ii) to attain the des i red 
ionizat ion cool ing factor, current 
des igns require the deve lopment of rf 
cavi t ies wi th thin bery l l ium w indows 
operat ing at l iquid n i t rogen 
tempera tures in high so lenoidal 
f ie lds, and also the deve lopment of 
long l iquid l i thium lenses to prov ide 
very st rong radial focus ing for the 
f inal cool ing s tages. 

Despi te these and many other 
technical cha l lenges, no "show 
s toppers" have yet been ident i f ied, 
and there is growing enthus iasm 
amongs t the part icle and accelerator 
physics communi t ies to f ind out 
whether a muon coll ider is really 
feasib le. If the answer is yes , then 
the first muon col l ider wou ld probably 
be a " low energy" mach ine and might 
be, for example , a Higgs boson 
"factory" if a Higgs-l ike boson exists 
wi th a mass in the 100 - 500 G e V 
range. 

Perhaps at last w e have an answer 
to the famous quest ion I.I. Rabi 
asked after the d iscovery of the 
muon : "Who ordered that ?". The 
answer must be "High-energy lepton-
ant i lepton col l ider enthusiasts" . 

More informat ion about muon 
col l ider R&D can be obta ined at the 
fo l lowing w e b sites: http:/ / 
www.fna l .gov/pro jects /muon_col l ider / 
and h t tp : / /www.cap.bn l .gov /mumu/ 
mu_home_page .h tm l , or f rom the 
spokesperson for the muon col l ider 
col laborat ion (R. Palmer) . Informat ion 
about ionizat ion cool ing R&D can be 
obta ined f rom S. Geer 
(spokesperson) , and informat ion 
about the muon product ion R&D 
program can be obta ined f rom K. 
McDona ld and R. Wegge l 
(Spokespeop le) . 

by Steve Geer (Fermilab) 

Figure 3: Schematic illustrating ionization 
cooling. Muons pass through absorbers 
(labelled dE/dx) in which they loose momen
tum by ionization losses. The longitudinal 
component of the momentum is replaced by rf 
cavities providing acceleration in the direction 
of the arrows. 

Now published is the third volume of 
the History of CERN, from North 
Holland/Elsevier Science*. Spanning 
detailed developments from 1949 to 
the late 1970s, they contain a wealth 
of information, together making up 
2200 pages. As well as being an in-
depth review of Volume III, this 
critical appraisal by CERN's Luigi Di 
Leila provides a succinct overview of 
a vital period in CERN's history. 
*(The three volumes are available 
separately, or as a set: ISBN 0 444 
82656, price $560.75) 

History of CERN, Volume III, edited 
by J. Krige, published by North-
Holland Elsevier Science (ISBN 0 
444 89655 4), 674 pages, $234.50 

This vo lume descr ibes the 
evolut ion of C E R N and its 

technica l and scienti f ic ach ievements 
f rom the mid-1960s to the birth of the 
proton-ant iproton col l ider project. 
Th is w a s a per iod of rapid expans ion 
of the laboratory, both in te rms of 
footpr int and of staff, first wi th the 
const ruct ion of the Intersect ing 
S torage Rings (ISR) in the late 60s, 
and then wi th the construct ion of the 
S P S in the 70s. Dur ing the same 
t ime the commun i t y of physicists 
us ing C E R N expanded enormous ly , 
because of the increased 
concent ra t ion of exper imenta l 
faci l i t ies at C E R N and of the 
s imu l taneous , gradual phas ing out of 
the exist ing accelerators in most 
nat ional laborator ies. 

T h e vo lume is in three parts. The 
first, wr i t ten by sc ience histor ians 
(J. Kr ige, D. Pestre and A. Russo) 
descr ibes the large projects wi th their 
pol i t ical , manager ia l and technical 
p rob lems. It detai ls the complex 
relat ionship be tween the laboratory 
and its outs ide users, and the 
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The operation of CERN's Intersecting Storage 
Rings (ISR) from 1971-84 marked a vital 
period in CERN's evolution. This detail-packed 
cartoon by Phil Bryant gives some idea of the 
physics preoccupations of 1977. 

governments of the Member States 
wh ich provide the f inancial 
resources. Its seven chapters cover 
f ive main subjects. 

The first subject is the two big 
bubble chambers , Gargamel le and 
BEBC, the first example of large 
detectors used as general faci l i t ies 
and whose construct ion was dec ided 
by internat ional commi t tees (in the 
case of BEBC, this decis ion inc luded 
an agreement between C E R N , 
France and Germany to share its 
cost) . 

The second subject (Chapter 3) is 
the difficult decis ion to construct a 
300 GeV proton synchrot ron. Th is 
mach ine was original ly supposed to 
be built in another site somewhere in 
Europe, chosen f rom sites p roposed 
by C E R N Member States. The 
sequence of events that took p lace 
between 1967 and the final approva l 
by Counci l to build the SPS in a site 
adjacent to the exist ing C E R N 
laboratory is part icularly interest ing 
because it demonst ra tes the c lose 
relat ionship between polit ics and 
sc ience when big money is invo lved. 

The first important event was the 
initial s t rong cri t icism (mainly by a 
German commit tee) of the C E R N 
design (a sca led-up vers ion of the 
PS), j udged to be too conservat ive 
and cost ly compared with Bob 
Wi lson 's des ign for Fermi lab's Main 
Ring and requir ing that the design be 
rethought. A second important event 
was the Brit ish refusal to part ic ipate 
in the project, perhaps a react ion to 
Genera l de Gaul le 's veto of the entry 
of the UK in the C o m m o n Market, 
fo l lowed by the appointment of John 
A d a m s as Project Director at the end 
of 1968. One year later, wi th some 
downgrad ing of the project (in par
ticular, an energy reduct ion f rom 300 
to 200 GeV) , a consensus seemed to 
be very c lose when the German 
government declared in a press 
release that their part icipation in the 
project wou ld be reconsidered, 
should the German site not be 
chosen. This seemed to be the end 
of the project until John Adams 
intell igently proposed bui lding the 
S P S at C E R N , using a large part of 
exist ing infrastructure and great ly 

reducing costs. 
The lesson, whose net effect was a 

three-year delay in the first operat ion 
of the S P S , is perhaps that new, 
large accelerators should use as 
much as possible exist ing 
infrastructure and therefore be built 
next to exist ing laborator ies. One 
may wonder whether the US SSC 
project wou ld still be al ive had it been 
dec ided to bui ld it next to Ferrnilab 
rather than in Texas . 

The third subject , d iscussed in 
Chapter 4, descr ibes the construct ion 
and operat ion of the Intersecting 
Storage Rings (ISR) and reviews its 
physics p rog ramme. Much has been 
said and wri t ten about the ISR, 
general ly cons idered as a great 
technologica l success but with 
d isappoint ing physics results. This 
book does not modify this v iew. More 
precisely, one can feel the guilt 
complex that C E R N developed after 
1974 for miss ing the J/psi and , later, 
the upsi lon. Th is appears very clearly 
in the little emphas is g iven to real 
ISR discover ies in compar ison with 
the many pages discussing reasons 
for having missed discover ies. 

In my op in ion, the ISR discovery of 
cop ious product ion of high t ransverse 
m o m e n t u m part ic les, many orders of 
magn i tude greater than expected, 
has not received the recognit ion it 
deserves . Such a d iscovery was the 
first ev idence for the existence of 
point- l ike strongly interact ing proton 
const i tuents, to be identif ied later 
wi th quarks and gluons (the famous 
e lect ron-nuc leon deep inelastic 
scat ter ing exper iment at SLAC had 
demonst ra ted the existence of 
electr ical ly charged, point-l ike proton 
const i tuents but had provided no 
informat ion on their strong interaction 
behaviour) . That d iscovery changed 
the s tudy of hadron col l is ions at high 
energ ies. 

Other important ISR discover ies are 
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CERN's bold decision to embark on its 
antiproton project changed the course of 20th 
century science history. In July 1980, CERN's 
Antiproton Accumulator, the heart of the 
project, supplied its first beams. In the 
foreground, admiring the first results of their 
work, are key Antiproton Accumulator 
personalities (right to left) Simon van der Meer, 

Eifion Jones and Roy Billinge. For his 
invention of the stochastic cooling technique 
which opened the door to the use of controlled 
antiproton beams, van der Meer shared the 
1984 Nobel Prize with Carlo Rubbia who 
masterminded the antiproton project and 
oversaw its historic 1983 discoveries. 
(Photo CERN 89.7.80) 

not even ment ioned - the detect ion of 
prompt, single lepton product ion in 
1974 and the observat ion in the late 
70s that the t ransverse m o m e n t u m of 
Drel l -Yan lepton pairs increases wi th 
energy. The latter was ev idence for 
g luon radiation by the incoming 
quarks whi le the former was the first 
hint for charmed part icles decay ing 
leptonical ly. One important d iscovery, 
descr ibed under the title "The last 
ach ievement" was the first 
observat ion of prompt photons at 
high t ransverse momen tum. This was 
clear ev idence for quark-g luon 
col l is ions, an important fact not even 
ment ioned in this book. 

On the missed discover ies of the J / 
psi and. upsi lon part icles, the book 
gives the impression that the reason 
was mainly the initial lack of 
sophist icated, large acceptance ISR 
detectors. This, in my opin ion, is 
wrong . In the case of the upsi lon the 
problem was simply the insuff icient 
ISR luminosity (in the late 70s and 
early 80s less than 100 upsi lon 
part icles were observed per year in 
the large acceptance detectors) . 

The case of the J/psi is quite 
different. When the ISR started 
operat ion in 1971 , it ex tended 
enormous ly the avai lable energy 
domain . Physicists were natural ly 
prompted to search in unexplored 
territory. This , and the need for a 
tr igger to record the few, potent ial ly 
interest ing events among the many 
thousands occurr ing every second , 
led the physicists to del iberately 
exc lude the low mass region. T h e 
tr igger problem is indeed d iscussed 
in this book. Because of simi lar 
tr igger problems, the much 
celebrated UA1 and UA2 
exper iments at CERN's proton-
ant iproton coll ider were unable to 
detect the J/psi and upsi lon part icles 
in their electron-posi tron decay 
mode. Last but not least, there was 

no theoret ical guidance suggest ing a 
new particle in the 3-4 GeV mass 
range. In conclus ion, this chapter is 
very interest ing but, in my opin ion, it 
g ives a picture of ISR physics wh ich 
is far too negat ive and, in some 
cases, even unfair to those who did 
the exper iments. 

The fifth chapter of the first part of 
this book d iscusses the relat ionship 
between C E R N and its Visi tors' in 
the 70s, wi th many points of fr ict ion 
result ing most ly f rom the fact that the 
user communi ty had grown 
enormous ly and that users had to 
spend more t ime at C E R N because 
of the increased complexi ty of 
equ ipment and the longer running 
t ime al located to exper iments. Hence 
they demanded more decis ion
making power and work ing 
condi t ions similar to those of C E R N 
staff. 

As the ECFA chai rman wrote in 
1975, users had been dreaming of a 
laboratory in which an outside group 
arr ives unencumbered and sets up 
an exper iment by drawing instru
ments f rom a pool , and is provided 

with magnets by the exper imental 
support t eam. This is obviously 
naive, g iven the complexi ty of detec
tors a l ready in operat ion in the 70s 
(how can one support this v iew whi le 
at the same t ime crit icizing the ISR 
detectors for having too smal l an 
angular coverage?) . 

As I was myself at that t ime 
involved in exper iments in 
col laborat ion wi th groups of visi tors, I 
do not remember feel ing any visi tors' 
d iscontent . 

Chapters 6 and 7 deal wi th the 
history of the proton-ant iproton 
project, fo l lowing Carlo Rubbia 's 
1976 proposal to t ransform the new 
SPS into a col l ider and hunt the W 
and Z bosons. Chapter 6 descr ibes 
the compet i t ion wi th Fermi lab, the 
first cool ing exper iment using the 
magnet ring recycled f rom the muon 
g-2 exper iment , and the events that 
led to the historic decis ion to go 
ahead . The book gives the correct 
impression of the enormous risk 
taken by C E R N management to 
provide C E R N with a much needed 
d iscovery of historical importance, 
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Georges Charpak alongside an early 
electronic detector in 1965. The development 
of electronic tracking detectors at CERN was 
dominated by his invention of the multiwire 
proportional chamber which revolutionized 
experimental particle physics and led on to 
other tracking devices such as the drift and 
time projection chambers. 

against w idespread support for other 
solut ions (such as the construct ion of 
a superconduct ing proton-proton 
col l ider in the ISR tunnel) . 

Chapter 7, deal ing with the 
organizat ion of an exper imenta l 
col laborat ion using UA1 as an 
example , is mainly sociological and 
may be interest ing for those not used 
to c lose international col laborat ion. 
(One point I found somewhat s t range 
is the quest ion whether bui lding a 
detector is doing physics. Of course it 
is, but the author seems to reach this 
conclus ion only after talk ing to 
experimental ists!) 

The second part of the book 
(Physics Results) consists of three 
chapters wri t ten by physicists. The 
first subject (by J . I l iopoulos) 
descr ibes the work of CERN 's 
Theory Division f rom its creat ion in 
Copenhagen in the early 50s (when 
there was no bui lding yet on the 
Meyr in site) until the mid 70s, 
conta ined in some 7000 publ ished 
papers. It also gives an idea of 
mobi l i ty and innovat ion. The author 
a t tempts to excuse Theory Division 
for its lack of contr ibut ions to the 
Standard Model and for its fai lure to 
respond prompt ly to new discover ies 
dur ing that per iod. 

Not d iscussed is the relation be

tween theorists and exper imental is ts. 
As I remember , this was a lmost 
total ly non-existent in the 60s, as 
demonst ra ted by the remarkable 
absence of theorists in the study 
group prepar ing the ISR physics 
p rogramme. As an example, I heard 
for the first t ime that quarks could 
result in observable effects at the ISR 
f rom a report by J . D. Bjorken at a 
Fermi lab workshop in the au tumn of 
1 9 7 1 , two years after the discovery of 
deep inelastic scatter ing at SLAC. 
Fortunately contacts between 
exper imental is ts and theorists at 
C E R N grew much closer, as d e m o n 
strated by the many workshops in 
preparat ion for LEP physics in wh ich 
measurement criteria were clearly 
def ined and physics priorit ies estab
l ished. 

The second subject (chapter 9, by 
P. Gregers Hansen) , descr ibes 
nuclear physics at the 600 MeV 
synchrocyc lot ron (SC), its main 
activity when particle physicists 
moved to higher energies. As I know 
little about this f ield I learned a lot 
f rom this chapter. I also read with 
great interest about the diff icult ies 
with the SC intensity upgrade in the 
early 70s in connect ion with the 
rep lacement of the old f requency 
modulator (a tuning fork) with a 

rotat ing condenser built by industry, 
wh ich a lmost led to a premature 
c losure of the SC. The crisis was 
resolved only when C E R N took full 
responsibi l i ty for the construct ion of 
the rotat ing condenser . 

The last chapter of this sect ion 
(chapter 10, by K. Winter) descr ibes 
the C E R N exper iments on weak 
interact ions f rom the middle of the 
60s to the W and Z discovery. It is 
wr i t ten in the style of a physics report 
and conta ins many technical detai ls 
and formulae wh ich , in my opin ion, 
makes it difficult to read for non-
physic ists. Aspects of scientif ic 
pol icy, of interest for a history book, 
receive little attent ion (for example , it 
wou ld have been interesting to read 
about the hesitat ion of C E R N 
managemen t in al lowing the 
Gargamel le col laborat ion to 
announce the discovery of neutral 
currents) . Nevertheless, it is very 
comple te and clearly demonst ra tes 
the enormous impact that C E R N 
results have had in this important 
f ield. 

The third part of this book conta ins 
two chapters on engineer ing and 
techno logy at C E R N . Chapter 1 1 , by 
M. Crowley-Mi l l ing, descr ibes the 
evolut ion of accelerator knowledge 
and expert ise between 1960 and 
1980. It demonst ra tes not only the 
high level of professional 
competence of C E R N staff but also 
the innovat ions and risks which 
accompan ied some of these projects. 
For example , it was at C E R N that the 
first s t rong focusing proton 
synchrot ron w a s built despi te the 
uncertaint ies of this new concept (it 
wou ld have been much easier and 
less risky to bui ld a scaled-up copy of 
the Brookhaven Cosmot ron or the 
Berkeley Bevatron) . It was also at 
C E R N that the first proton-proton 
col l ider w a s built, and stochast ic 
cool ing w a s invented and success-
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ful ly appl ied to the first pro ton-
ant iproton coll ider. One can also f ind 
many other less known technica l 
innovat ions, some of wh ich quickly 
found appl icat ions in industry. 

The last chapter, by I. Gambaro , 
descr ibes the deve lopment of 
e lectronic t racking detectors at 
C E R N f rom 1964 to the late 70s . Th is 
per iod was marked by the invent ion 
of the Mult iwire Proport ional 
Chamber by G. Charpak, wh ich 
revolut ionized exper imenta l part ic le 
physics and was the origin of other 
t rack ing detectors such as the drift 
and t ime project ion chambers . A 
detai led descr ipt ion of many t rack ing 
detectors used in C E R N exper iments 
g ives the inexper ienced reader a 
precise idea of how such detectors 
were used in pract ice. 

Th is book descr ibes in more than 
600 pages the very interest ing history 
of C E R N dur ing a per iod in wh ich the 
laboratory became the wor ld 's 
leading centre of part icle phys ics. 
Wr i t ten by a variety of authors , 

sc ience histor ians or scient ists, the 
style is not uni form. Scient ists tend to 
emphas ize scientif ic and technical 
aspects , whi le histor ians focus more 
on manager ia l , pol i t ical, f inancial and 
social aspects , wh ich scient ists 
general ly ignore. At the same t ime, 
sc ience histor ians may miss some 
important technical detail wh ich w a s 
the key to a success or fai lure of a 
project. Perhaps books like this 
should be wri t ten by a historian and a 
scientist together. 

It c learly g ives the impression that 
recent advances in part icle physics 
owe much to C E R N . As wel l as 
document ing C E R N ' s ach ievements , 
this book displays clearly the 
impor tance of the groundwork wh ich 
makes such ach ievements possib le. 
Wi thout adequate preparat ion, 
inspired foresight and s taunch 
suppor t at all levels, even the best 
research ideas fall on infertile soi l . 

by Luigi Di Leila Distinguished CERN physicist Luigi Di Leila is 
also Chairman of CERN's Archive Committee. 

Superconducting success 

W ith CERN 's LEP e lect ron-
positron col l ider operat ing at 

92 GeV per beam (184 G e V col l is ion 
energy) and with 240 super
conduct ing radiof requency 
accelerat ing cavit ies instal led, the 
f in ishing line is in sight for a long 
push which began in 1979. 

In 1979, when LEP was still on the 
drawing board (the project w a s 
formal ly approved by C E R N Counci l 
in December 1981), C E R N ' s 
Execut ive Director Genera l John 
A d a m s , wi th his legendary foresight , 

launched a modest research and 
deve lopment p rogramme for 
superconduct ing radiof requency 
accelerat ing cavi t ies with the a im of 
boost ing LEP per formance. 

Meanwhi le deve lopment was 
a l ready underway at a number of 
other laborator ies, notably Cornel l 
(for its own C E S R electron-posi t ron 
col l ider), Kar lsruhe (for DESY) and 
KEK (Japan, for the T R I S T A N 
electron-posi t ron col l ider). But wi th 
C E R N ' s decis ion to enter the 
electron s takes with LEP, a who le 

range of new skil ls wou ld have to be 
maste red . 

LEP's initial goa l , equ ipped with 
convent iona l (copper) cavit ies 
operat ing at room temperature , was 
to mass produce the Z part icle, the 
carr ier of the neutral current of the 
weak interact ions, around 91 GeV. 
But once this physics wou ld be 
thoroughly exp lored, the object ive 
was to go higher and at least enable 
LEP to p roduce pairs of W part ic les, 
the electr ical ly charged partner of the 
Z. (In LEP's electron-posi t ron 
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From Z to WW. The steady growth of 
superconducting accelerating power in 
CERN's LEP electron-positron collider. 

col l is ions, neutral Zs can be 
produced singly, but W s can only be 
produced in opposi tely charged 
pairs.) 

To produce such energies needs 
about another 2000 Megavol ts , and 
to drive this economical ly demanded 
the low power consumpt ion of a 
superconduct ing approach, with 
energy losses some hundred 
thousand t imes less than those of 
convent ional units, and promis ing 
more powerful accelerat ing f ield 
gradients. 

At C E R N , already wel l endowed 
with workshop expert ise, work began 
in associat ion with several European 
universit ies - Geneva, Genoa, Paris 
and Wupper ta l . (The latter had been 
developing superconduct ing 
technology with Darmstadt , 
subsequent ly to commiss ion its own 
superconduct ing Dal inac.) 

At that t ime, it had been real ized 
that a spherical cavity drawn f rom 
solid n iobium or spun f rom sheet 
(rather than a welded pil lbox 
construct ion) provided an opt imal 
approach, minimizing t roub lesome 

'mult ipact ing' due to electron 
resonances inside the cavity. 

In paral lel, sensit ive methods were 
deve loped to map the temperature of 
the cavity surface and look for hot 
spots where losses would be likely to 
occur. 

This was the start of a heroic quest 
to attain the severely demand ing 
condi t ions needed to guarantee that 
the superconduct ing cavit ies, 
together with their ancil lary power 
couplers, tuners, etc, wou ld del iver 
their promised per formance. In 1983, 
a 5-cell n iobium structure for C E R N 
was tested in an electron beam at 
DESY's PETRA ring. 

By operat ing at the 352 MHz 
already env isaged for LEP's initial 
complement of ambient temperature 
copper cavit ies, exist ing r.f. 
generat ion and distribution 
infrastructure could be taken over. 

In paral lel , C E R N was also looking 
at a promis ing new approach, using 
copper sput ter-coated with n iobium, 
rather than expensive niobium sheet. 
As superconduct iv i ty is essential ly a 
surface phenomenon , with the 

Meissner effect l imiting the 
penetrat ion to only 0.05 microns, the 
idea was to provide the 
superconduct ing layer as an a lmost 
perfect thin sheet. Over the next few 
years, this R&D progressed in 
parallel wi th work towards solid 
n iob ium cavit ies. 

In 1987, the first LEP-type cavity, 
made of sol id n iobium, was operated 
for more than 10,000 hours in 
C E R N ' s SPS synchrot ron. Four more 
such cavit ies were built, two at C E R N 
and two in industry, and were 
eventual ly mounted near Point 2 of 
the 27-k i lometre LEP ring in 1990 
(LEP had begun operat ion in 1989). 

However by this t ime, the 
advantages of n iobium-coated 
copper were becoming clear. 
Thermal stabi l izat ion is enhanced by 
the good conduct iv i ty of the 
under ly ing copper and losses are 
ha lved, whi le the material cost is 
substant ia l ly reduced. In a crash 
p rogramme, the pilot n iobium cavity 
was replaced by a module of 2 
n iob ium-copper units. 

A l though C E R N was commit ted to 
the initially ordered solid n iobium 
units, the decis ion was taken to 
swi tch to n iobium-coated copper for 
the bulk instal lation programme. 

Cryostat design and assembly was 
per fected, power and high-order 
mode couplers deve loped, and the 
impressive arsenal of associated 
technology assembled , with electron 
weld ing, fully au tomated chemical 
surface t reatments, and high 
pressure rinsing using pure, dust-free 
water. All this know-how had to be 
passed to industry to enable the 
hundreds of units to be produced in 
European factor ies. In 1990, 
contracts were s igned for 168 such 
cavit ies, using three main suppl iers. 

After trials with initial prototypes, 
instal lat ion of n iobium-coated cavit ies 
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In 1999, LEP, equipped with its final 
complement of 288 cavities, is scheduled to 
operate with a collision energy close to 200 
GeV. 

schedu led to operate with a col l is ion 
energy c lose to 200 GeV, a fitt ing 
conc lus ion to the foresighted 
decis ion to include a superconduct 
ing opt ion and twenty years of effort. 

As wel l as dr iv ing LEP, the versat i le 
new techno logy could also f ind its 
way into new appl icat ions. 

The Editor would like to thank Enrico 
Chiaveri for his help in compiling this 
article. 

began in earnest in 1993, running 
a longside the 16 sol id n iob ium 
cavit ies instal led the previous year. 
Wi th the cavit ies themse lves 
per forming wel l , at tent ion tu rned 
towards perfect ing anci l lary 
equ ipment such as power couplers . 
Here too technical solut ions had to 
be deve loped and the necessary 
qual i ty control ensured. 

After intensive tests, on 31 October 
1995 the impressive addit ional 
accelerat ing power, now instal led in 
each quadrant of the r ing, was 
marsha l led. LEP, which had been 
operat ing around the Z resonance 
near 91 GeV, for the first t ime ran at 
a substant ial ly higher col l is ion 
energy, 130 GeV, giv ing physic ists 
their first look at new territory. 

After more superconduct ing cavi t ies 
were brought in dur ing the 1995-6 
winter shu tdown, LEP officially 
became LEP2, attaining the 161 G e V 
col l is ion energy level needed to 
produce W pairs. 

The development , supply, 
instal lat ion and operat ion of s o m e 
two hundred cavit ies, together wi th 

the impressive radiofrequency power 
and control sys tem, is the obv ious 
focus of all this work. However 
substant ia l effort has also gone into 
cryogenics, civil engineer ing, 
electricity distr ibut ion and cool ing 
equ ipment . 

In 1999, LEP, equ ipped with its f inal 
comp lement of 288 cavit ies, is 

Production and handling of LEP's supercon
ducting cavities demands very clean condi
tions all along the line. 
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University of Wisconsin-Madison 
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t ro ls , a n d Opera t ions ) t h r o u g h t h e i r respect ive 
Group Leade r s . These g roups a re responsible for 
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injector, s to rage r ing , su p p o r t equ ipment , control 
sys t ems , inse r t ion devices, a n d o the r facilities. 

The Associate Director will be expected to: con
duct accelera tor r e s e a r c h to improve t h e charac
ter i s t ics of t h e synchro t ron r ad i a t ion ut i l ized by 
several s tate-of-the-art beaml ines a n d experimen
ta l sys t ems ins ta l l ed on t h e s torage r ing; consul t 
a n d col laborate w i t h o the r synchro t ron facilities 
r e g a r d i n g i m p r o v e m e n t s to t h e stability, l ifetime, 
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p a t e in t h e deve lopment of new ini t ia t ives a n d 
g r a n t proposals for t h e funding of t h e facility by 
t h e N a t i o n a l Science F o u n d a t i o n a n d o ther fed
e ra l a n d i n d u s t r i a l i n s t i t u t ions ; a n d work w i th 
t he Associate Director of Research to provide s ta te -
of-the-art r e s ea r ch facilities t h a t will satisfy t h e 
needs of sc ient is t s pe r forming the i r r e sea rch a t 
t h e C e n t e r a n d to ac t ive ly p a r t i c i p a t e in t h e 
innova t ions t h a t c rea te n e w r e sea rch oppor tuni 
t ies for Use r s . 

Present ly , t h e SRC ope ra t e s t h e Aladdin s torage 
r i ng a t energ ies of 800 MeV a n d 1.0 GeV in sup
por t of U s e r r e sea r ch i n t e r e s t s . Of t h e four long 
s t r a igh t sect ions, t h r e e con ta in inser t ion devices 
to e n h a n c e t h e s p e c t r u m for pa r t i cu l a r r e sea rch 
appl ica t ions . T h e Associa te Director will p lay a 
l ead ing role in A l a d d i n deve lopmen t p r o g r a m s 
inc luding: p a r t i c i p a t i n g in t h e p l a n n i n g for a n 
in se r t ion device in t h e four th s t r a i g h t sect ion, 
in i t i a t ing a n d superv i s ing s tud ies to increase t h e 
b e a m cur ren t , inc reas ing t h e s tabi l i ty of t h e b e a m 
in posi t ion a n d size, a n d to improve t h e l ifetime 
of t h e b e a m whi le m a i n t a i n i n g or reduc ing t h e 
b e a m emi t t ance . 

To be considered for t h i s posit ion, send curr icu
l u m v i tae a n d reference l is t to Mr. C l a y Vin je , 
UW-Madison , S y n c h r o t r o n R a d i a t i o n Center , 
3731 S c h n e i d e r D r i v e , S t o u g h t o n , WI 53589, 
by 2/27/98. U n l e s s confident ial i ty is r eques ted in 
wr i t ing , in format ion r e g a r d i n g appl ican ts m u s t 
be r e l e a s e d u p o n r e q u e s t . F i n a l i s t s c a n n o t be 
g u a r a n t e e d confidentiali ty. 
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Around the Laboratories Celebrating the first beam stored in the 
electron ring of DA FN E, the phi-factory project 
of the /A/FA/ National Laboratory in Frascati. 

FRASCATI 
DAFNE complete 

O n October 25 the first beam was 
stored in the electron ring of 

D A F N E , the phi-factory project of the 
INFN National Laboratory in Frascat i . 

Th is marked the conclus ion of 
D A F N E construct ion, approved by 
the INFN Board of Directors in June 
1990 and which began in Apri l 1993 
when the historic A D O N E col l ider 
w a s shut down and d ismant led. Final 
commiss ion ing a ims to br ing D A F N E 
into operat ion at the beginning of 
1998. 

D A F N E is a double ring e lect ron-
positron coll ider with a design 
luminosity of 5 x 10 3 2 c m 2 s - 1 at the 
phi resonance (1.02 GeV) . Its main 
physics motivat ion is precis ion 
measurement of CP-vio lat ion in 
neutral K decays. For the 
accelerator, to achieve this des ign 
luminosi ty is a chal lenge, as the 
max imum figure so far obta ined in 
this low energy range is a lmost two 
orders of magni tude smal ler. 

The high current approach is simi lar 
to other 'particle factor ies' - the 
beauty factor ies under construct ion 
at SLAC, Stanford (PEP II) and KEK, 
Japan (KEKB) . DAFNE 's e lectron 
and positron beams are stored in two 
100 m long separated rings in the 
same horizontal p lane with hor izontal 
cross ing in two low-beta interact ion 
regions at an angle of 25 mrad . 

The lattice of each ring consists of 4 
achromats , each housing a 2 m 1.8 T 
normal conduct ing wiggler. Th is 
novel conf igurat ion substant ia l ly 
improves the radiation damp ing rate 
whi le offering the advantage of w ide 
emi t tance tunabil i ty. Th is a l lows a 
large number of bunches to be stored 
in each beam, without pushing the 

beam-beam tune shift to ext remely 
high values, whi le the luminosity can 
be quite large, being proport ional to 
the number of stored bunches. 
However the high stored current sets 
str ingent requi rements on all 
accelerator subsystems. 

The new injector complex, 
operat ional wi th both electrons and 
posi t rons, has been sized to store, in 
each ring, up to 120 bunches of 10 1 1 

particles in about 10 minutes, thus 
maintain ing the average luminosi ty at 
some 7 0 % of its peak value. 

Part icular care has been taken with 
the vacuum sys tem, capable of 
maintain ing an average pressure of 
1 0 9 Torr under a radiation load of 50 
kW from wigglers and bending 
magnets . Using a special 10 m long, 
s ingle-piece a lumin ium vacuum 
vesse l , radiat ion leaves a central 
beam region to reach an 
"antechamber" through a narrow slot, 
where it hits several water-cooled 
copper absorbers. The pumping 
sys tem is a combinat ion of t i tanium 
subl imators and sputter ion pumps. 

The longitudinal mul t ibunch 

instabil i t ies cal led for a special 
des ign of the 368 MHz 250 kV 
radiof requency cavit ies, equ ipped 
with wavegu ide absorbers which 
strongly damp higher order modes 
(HOM) exci ted by the beam. 

All v a c u u m chamber components 
have low parasit ic loss coeff icients. 
Residual instabil i ty can be damped 
using a longitudinal feedback act ing 
on each single bunch, real ized in 
col laborat ion with SLAC and 
Berkeley. This sys tem has been 
successfu l ly tested on the ALS light 
source at Berkeley and PEPII at 
SLAC. 

The main exper iment to run on 
D A F N E is KLOE (July, page 8), 
concentrat ing mainly on CP-violat ion 
measurements . The DAFNE 
interact ion region for KLOE 
presented many chal lenges. The 
vacuum chamber is a beryl l ium 
sphere 10 cm in d iameter and 500 
micron thick with an inner s leeve of 
50 micron th ickness to provide RF 
cont inui ty. 

The low-beta insert ion squeez ing 
the beams inside the detector covers 
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Fish-eye view of the DAFNE hall after 
installation of the main rings. 

s o m e 1 % of the sol id angle and 
operates in the detector f ie ld. Its 
large magnet ic perturbat ion on 
D A F N E is corrected using the 
rotating f rame method sugges ted by 
M. Bassett i for DAFNE. The insert ion 
consists of 6 permanent magnet 
quadrupo les , with adjustable rotat ion 
and posi t ion. A pair of external 
superconduct ing solenoids cance ls 
the betatron coupl ing due to the 
detector f ie ld. 

Another exper iment will be instal led 
in DAFNE's second interact ion 
region. Run by the F INUDA 
col laborat ion, it will s tudy the physics 
of hypernucle i , when an ord inary 
nucleon in a nucleus is rep laced by a 
st range baryon such as a lambda or 
s igma. 

Such artificial hypernuclei a l low 
nuclear propert ies to be studied in 
the presence of s t range quarks . The 
cyl indrical F INUDA apparatus 
consists of an interact ion/target 
region, a tracker and an outer 
scinti l lat ion array, sur rounded by a 
superconduct ing so lenoid. 

The third exper iment , much smal ler, 
is DEAR, to study kaonic a toms. This 
compact detector does not require a 
magnet ic f ield and will be per formed 
at the first s tage of DAFNE operat ion. 

A descr ipt ion of DAFNE and its 
status can be found at http:// 
www.lnf . infn. i t /accelerator i /dafne.html 

NOVOSIBIRSK 
VEPP-2M phi-nesse 

A t the summer conferences two 
exper imenta l groups f rom the 

Budker Institute, Novosibirsk, 
announced new results f rom the 
V E P P - 2 M electron-posi t ron coll ider. 
The CMD-2 detector (November 
1994, page 9) comple ted a scan of 
the col l ision energy range f rom 360 
to 1400 MeV a imed at high precision 
measurement of electron-posi t ron 
annihi lat ion into hadrons. 

Prel iminary results on the pion form 
factor show a nice excitat ion curve of 

The CMD-2 detector at the VEPP-2M electron-
positron collider at the Budker Institute, 
Novosibirsk, sees the first phi decay to eta 
prime and a gamma ray. CMD-2 observes six 
events in the expected signal region in a 
scatter plot of the invariant mass of two hard 
photons vs the energy of the softest photon, 
where the expected background is less than 
one event. The three events outside this 
region are compatible with background. 
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the rho meson with clear rho-omega 
inter ference. Work is in progress to 
better unders tand systemat ic 
uncertaint ies which are current ly 
est imated at 1.5% and are important 
to improve the precision of the 
calculat ions of the hadronic 
contr ibut ions to the anomalous 
magnet ic momen t of the muon and 
the running e lect romagnet ic coupl ing 
constant . 

Wi th 5.5 mil l ion phi mesons CMD-2 
can look for its rare decays. Analys is 
conf i rms the existence of conver
s ions to electron-posi t ron with an eta 
meson (d iscovered at VEPP-2M in 
1985) and wi th a neutral pion (first 
observat ion) at the expected levels 
of 1 0 4 and 10 - 5 respectively. 

However , the main feature is the 
first observat ion of phi decay to eta 
pr ime and a g a m m a ray - the only 
magnet ic d ipole decay previously not 
seen and vital for the consistent 
unders tanding of the quark model 
predict ions. 

C M D - 2 observes six events with an 
expected background of less than 
one (a scatter plot of the invariant 
mass of two hard photons vs the 
energy of the softest photon shows 
events as expected f rom simulat ion). 
Th is cor responds to branching ratio 
of 1.2 + 0.7 - 0.5 x 1 0 4 , ruling out a 
high admix ture of glue in eta pr ime. 
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The VES large aperture magnetic 
spectrometer at the Institute for High Energy 
Physics (IHEP), Protvino, near Moscow, where 
the SERP-164 experiment has finished data 
taking for its study of meson resonances in the 
mass range 1.5-2 GeV. 

The SND detector (Apr i l /May 1995, 
page 17) col lected even a bigger 
sample of 6.5 mill ion phi mesons . 
About half the avai lable stat ist ics has 
been analysed. The group also 
observes one example of phi decay 
to eta pr ime, cor responding to an 
upper limit of less than 1 . 7 x 1 0 4 . For 
the first t ime the electric dipole 
decays to two neutral pions and a 
g a m m a and neutral p ion, eta and 
g a m m a are measured with relat ive 
probabi l i t ies at the 10~4 level. 

It is amus ing that due to the large 
number of phi mesons created, it 
became possible to tag eta mesons 
produced with a 1.3% probabi l i ty in 
the radiat ive decay (a 362 MeV 
photon serves as a good tag) and 
look for their rare decays. 

In this way electron-posi t ron 
col l iders become compet i t ive wi th 
usual sources of eta mesons at 
hadronic machines. Looking for parity 
and CP-violat ing decays of the eta to 
two pions, SND placed for the first 
t ime a limit on its decay into two 
neutral p ions, whi le C M D - 2 improved 
the upper limit for the decay into two 
charged pions. 

A l though these limits are still far 
f rom the minute Standard Model 
predict ions, they unambiguous ly 
show the high potential of future phi 
factor ies for eta meson studies. 

Most of the reported results are still 
prel iminary and analysis is still 
underway. In October V E P P - 2 M 
started another running season 
wh ich will probably be the last before 
D A F N E starts operat ion in Frascat i 
(see previous story). Both V E P P - 2 M 
detectors plan to double their data 
samples at the phi meson as wel l as 
repeat measurements in the rho- and 
omega -meson energy range. 

Next summer , work will start on 
implement ing the round beams to 
improve V E P P - 2 M luminosi ty at the 

ph i -meson by a factor of 20 and open 
the way to a Siber ian phi-factory. 

PROTVINO 
Hybrid mesons 

This year at the Institute for High 
Energy Physics ( IHEP), Protvino, 

near Moscow, the SERP-164 
exper iment on the V E S large 
aperture magnet ic spect rometer 
f in ished data tak ing. 

Its main goal is a systemat ic s tudy 
of meson resonances in the mass 
range 1.5-2 GeV, where one could 
expect exot ic states, gluebal ls and 
hybr ids. Hybr id mesons (a quark-
ant iquark pair together with a va lence 
gluon) can manifest themselves 

either by quan tum numbers which 
are impossib le for convent ional 
mesons , for example 1 + , or by 
anoma lous relative decay rates into 
dif ferent channels . 

S E R P - 1 6 4 has some 10 9 events of 
p ion-nuclear interact ions at 37 GeV 
and used partial wave analysis to 
study the product ion of mesonic 
states wi th dif ferent quan tum 
numbers . In part icular, the presence 
of a 1 + e x o t i c wave was found in the 
product ion of e ta-p ion, eta ' -p ion, rho-
pion, ^ ( 1 2 8 5 ) ^ 0 1 1 and ^ ( 1 2 3 5 ) ^ ) ^ 
sys tems. 

The most signif icant result was 
f inding hybr id propert ies. Above 1.5 
GeV, product ion of eta '-pion with 1 + 

is much higher than that of eta-p ion, 
whi le in react ions with nonst range 
light quarks , eta ' is normal ly 
p roduced half as f requent ly as eta. 
Th is can be expla ined by the fact that 
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Cross-sections of the vacuum vessel of the 
Munich Tritron superconducting separated 
orbit cyclotron (M: magnet sector, R: 
radiofrequency-cavity). The high accelerating 
voltage per turn results in a turn separation of 
several cm instead of mm, opening the 
possibility of a high power/low loss cyclotron. 

eta' , wi th a strong gluon coup l ing, 
has an affinity with hybrid states. 

No narrow 1 + resonant states were 
observed. However, in the eta-pion 
sys tem at masses around 1.4 G e V 
some peculiari t ies were found in the 
behaviour of the ampl i tude and 
phase of the exotic wave , as 
observed also at the Japanese KEK 
Laboratory and conf i rmed recent ly at 
Brookhaven. 

It is still an open quest ion whether it 
is a manifestat ion of a very broad 
resonance of width 400 MeV, or of 
some other dynamics (for examp le 
threshold effects produced by the 
opening of another channel such as 
f 1 (1285)-p ion) . More studies are 
fo reseen. 

The mesons with convent ional 
quan tum numbers can also have 
hybr id propert ies. For example in 
detai led studies of the pi(1800) 
meson , which has pion quan tum 
numbers , anomalous decay rates 
were found, with high probabi l i ty for 
decay into f 0 (980)-p ion, f 0 (1200)-p ion 
and low probabil i ty for decay into rho-
pion. Such propert ies have been 
predicted for hybrid mesons in model 
calculat ions. This is good reason to 
suppose that pi(1800) has a 
signif icant hybrid content. 

Th is observat ion can also shed light 
on some propert ies of cha rmed 
part icles. Due to the c loseness of the 
masses of charmed D-mesons and 
the pi (1800), this resonance affects 
the relative probabil i t ies of D decays . 
If p i (1800) has a signif icant hybr id 
content, this can increase the 
probabi l i t ies of CP-violat ing decays 
of D-mesons and osci l lat ions 
between D and its ant ipart ic le. 

Wi th the V E S setup being 
upgraded, future V E S plans a lso 
include more data taking next year in 
a new research p rogramme cover ing 
studies of: resonance product ion in 
the Cou lomb field of nuclei ; energy-

and nuc lear -dependence of reso
nance product ion; and diffractive 
product ion of charmed part icles. 

MUNICH 
First beam in 
superconducting 
separated orbit 
cyclotron 

The first accelerated beam in a 
superconduct ing separated orbit 

cyclotron at Munich bodes wel l for 
this p ioneer approach. 

Whi le convent ional cyclotrons can 
provide ion beams with high average 
intensity, say some mA, in recent 
years an increasing demand for 
proton beams with average currents 
of more than 10 mA for the 
product ion of high neutron f luxes, 
e.g. for accelerator dr iven nuclear 
power plants, and/or for 
t ransmutat ion of nuclear waste , begs 
an al ternat ive approach. 

The key to such a high power/ low 
l oss cyclotron is a high accelerat ing 
vol tage per turn, result ing in a turn 
separat ion of several cm instead of 
m m . This faci l i tates extract ion and 
opens the possibi l i ty of independent 
magnet ic channels with al ternat ing 
gradients. 

The high accelerat ing vol tages can 
be obta ined with superconduct ing 
radiof requency cavit ies. Due to the 
high current densi ty in the super
conduct ing coils, the coil width 
(3 mm) is negl igible compared to that 
of the steel f rame of each magnet ic 
channel and the beamwindow. The 
total radial width of the magnet ic 
channel is equal to the turn 

separat ion. Th is principle - the 
Separa ted Orbit cyclotron - was 
proposed in 1963 with non-
superconduct ing e lements . However 
superconduct iv i ty is the key to its 
appl icat ion. 

A smal l prototype, the Tr i t ron, was 
des igned at the Accelerator 
Laboratory of both universit ies of 
Mun ich . The injection radius is 66 
c m , the extract ion radius 145 c m , 
and the energy gain factor about 5. 
Six sector -shaped cavit ies (170 MHz) 
wi th 20 beam holes in parallel 
provide for an accelerat ing vol tage of 
3 MV on the f inal turn. 

To keep the vol tage low, the turn 
separat ion w a s made as smal l as 
possible (40 mm) , result ing in a 
magnet ic channel aperture of only 10 
m m . A lmost 240 channel magnets 
wi th al ternat ing gradients are 
ar ranged in 12 flat sectors, guiding 
the beam along a lmost 20 turns. 
Ar rays of 20 smal l superconduct ing 
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axial steer ing magnets are posi t ioned 
in three of the intermediate sectors . 
The cavit ies are made of copper 
e lectroplated with lead-t in, and the 
mach ine is cooled to 4.5 K. 

On September 12 all phases and 
ampl i tudes were adjusted to 
accelerate a sulphur beam f rom an 
energy of 40.3 MeV around 6 turns, 
reaching 72 MeV. This shows that 
the principle of a separa ted orbit 
cyclotron works. Beam dynamics will 
now be studied in more detai l , and 
the t ransmiss ion will be improved by 
proper f ield sett ings. 

Based on these results, fu ture 
separa ted orbit cyc lot rons cou ld use 
en larged turn separat ion, say 10 c m , 
wi th a beam aperture of about 5 c m . 
This wou ld enable accelerat ion of 
high intensity beams with low losses. 

NIKHEF 
Two proton knock-out 

The nucleus may contain up to a 
few hundred strongly interact ing 

nuc leons. The interaction of so many 
part icles is immense ly complex and 
nuclear propert ies are therefore 
common ly descr ibed by theor ies, like 
the nuclear shell mode l , in wh ich the 
sum of all interact ions is 
approx imated by a mean f ie ld. 

However , single proton knock-out 
exper iments have indicated that 

Knock-out of a correlated proton pair in 
electron scattering. 

Upwards view into the Munich Tritron 
cyclotron cryostat, showing its array of 
radiofrequency cavities and magnet sectors. 

protons spend only a part of their 
t ime in such a f ie ld. For ne ighbour ing 
nuc leons the mutual interact ion, 
highly repuls ive at smal l internucleon 
d is tances, s e e m to dominate and 
give rise to s t rong short range 
corre lat ions. 

Exper iments at N IKHEF, in wh ich 
proton pairs are ejected f rom oxygen 
nuclei , may shed more light on such 
correlat ions. The high-precis ion 
exper iments in Ams te rdam, in wh ich 
triple co inc idences between a 
scat tered electron and two ejected 
protons are measured , give - for the 
first t ime - deta i led information on the 
mot ion of proton pairs inside the 
nuc leus. 

In the exper iments an oxygen target 
is s t ruck by e lectrons extracted f rom 
A m P S , the Ams te rdam Pulse 
Stretcher. The a lmost cont inuous 
beam current prov ided by A m P S is 
crucial s ince the cross-sect ions for 
the react ions are ext remely s m a l l , 
typical ly 1 0 1 1 f m 2 / ( M e V 2 s r 3 ) , 
whe reas the background f rom 
accidenta l co inc idences is relatively 
large. 

The oxygen target, a so-cal led 
'waterfal l ' target deve loped by the 
INFN group in Rome, consists of a 
water f i lm in a cell f i l led with hydrogen 
gas. The f i lm is created by pumping 
water th rough a thin slit; its th ickness 
can be var ied by chang ing the 
pump ing speed . 

T w o newly built and highly 
segmen ted plastic scinti l lator arrays 
detect the e jected protons. Both 
detectors, cover ing sol id angles of 
225 and 550 msr, and the 
accompany ing electronic VME-based 
read-out sys tem, were deve loped in 
col laborat ion wi th the Free Universi ty 
Ams te rdam. The scat tered electrons 
are p icked up by a magnet ic 
spect rometer . 

In a ser ies of measurements wi th a 
luminosi ty a round 2 x 1 0 3 6 nuc leons/ 
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Department of Physics 
Senior Mechanical 

Design Engineer (RS2) 
£21,016-£27,985 p.a. 

The position of Senior Mechanical Design Engineer in the Department of 
Physics will become available within the next two years. Early recruitment 
of a replacement is considered essential for this key position which is 
jointly funded by the Particle Physics and Astronomy Research Council 
and the Department and which is available immediately. 
The postholder will be required to lead a small office producing 
designs of experimental apparatus and to process these designs 
through to unique research hardware for use within the Department or 
in large multinational collaborative projects. The position requires a 
'self starter' with 'hands on ! experience of CAD and CAE systems 
which are well supported and updated regularly. The current softwares 
are Autocad based with 'Algor' FEA running on a Windows NT 
system. Short periods of work overseas will be necessary. 
Applicants should be Chartered Engineers or equivalent and 
preferably hold a Master's degree in an engineering discipline 
together with at least ten years post qualification experience. 
Letters of application together with a CV and the names and 
addresses of two referees should be sent to the Administrator, 
Department of Physics, Clarendon Laboratory, Parks Road, Oxford 
OX1 3PU by 31 January 1998 from whom further particulars can be 
obtained (e-mail e.davies1@physics.oxford.ac.uk; telephone no. 
01865272201). 

The University is an Equal Opportunities Employer. 

UNIV€RSIT€ 
D€ 
LAUSANN€ 

La Faculte des sciences de I'Universite de Lausanne met 

au concours un poste de 

professeur ordinaire de physique theorique 
specialise dans le domaine des particules elementaires 

et des interactions fondamentales. 

Entree en fonction : l e r septembre 1998 ou date d convenir. 

Le titulaire devra participer d I'enseignement de la physique theo

rique, en collaboration avec ses collegues theoriciens de I'Universite 

et de I'Ecole Polytechnique Federate de Lausanne. Le nouveau profes

seur poursuivra des recherches et dirigera des theses de doctorat. 

Les candidatures (c.v., liste des publications, tires d part choisis - trois 

au plus, projet de recherches, trois references) doivent parvenir avant 

le 31 Janvier 1998 au Doyen de la Faculte des sciences, College 

propedeutique, CH-1015 Lausanne (Suisse). 

Renseignements complementaires: Prof. J.-J. Loeffel, Institut de phy

sique theorique, Tel. ++41 21 692 37 5 0 / 5 1 ; fax ++41 21 692 

37 65 ; e-mail: jean-jacques.loeffel@ipt.uniI.ch. 

Soucieuse de promouvoir I'acces des femmes d la carriere acade-

mique, I'Universite encourage les candidatures feminines. 

UNIVERSITY OF TORONTO 
Tenure Track Faculty Position 

Joint Appointment 
in the 

Department of Astronomy and Physics 

The D e p a r t m e n t s of As t ronomy a n d Physics will 
m a k e a t e n u r e t r a c k a p p o i n t m e n t to t h e r a n k of 
A s s i s t a n t Professor w i t h a n expected s t a r t i n g 
da t e of J u l y 1, 1998. Th i s is one of a n u m b e r of 
a p p o i n t m e n t s be ing m a d e in t h e D e p a r t m e n t of 
A s t r o n o m y , D e p a r t m e n t of P h y s i c s a n d t h e 
C a n a d i a n In s t i t u t e for Theoret ica l Astrophysics . 

We seek cand ida t e s w i t h a Ph .D . in As t ronomy 
and/or Phys ics , w i t h p roven or po ten t ia l excel
lence in bo th r e s e a r c h a n d teach ing . Our goal is 
to find a cand ida t e w i t h e i the r a theore t ica l or 
e x p e r i m e n t a l b a c k g r o u n d w h o wi l l p r o m o t e 
i n t e r a c t i o n s b e t w e e n t h e d e p a r t m e n t s . T h e 
a p p o i n t m e n t will be m a d e in t h e a r e a of as t ro
physics, broadly defined a s t h e interface be tween 
a s t ronomy a n d physics . Th i s includes , b u t is not 
l imi ted to, cosmology, n o n l i n e a r dynamics , a n d 
p l a sma , par t ic le , nuc l ea r a n d h igh energy as t ro
physics. We invi te prospect ive candida tes to visit 
our h o m e pages at : 

ht tp:/ /www.{astro,physics,ci ta}.utoronto.ca/ 

Sa la ry will be c o m m e n s u r a t e w i th qualifications 
a n d exper ience. 

Appl icat ions, inc lud ing a cu r r i cu lum vi tae a n d 
t h r e e l e t t e r s of reference, should be sen t to: 

P r o f e s s o r P e k k a K. S i n e r v a 
C h a i r 

D e p a r t m e n t o f P h y s i c s 
U n i v e r s i t y o f T o r o n t o 
60 St . G e o r g e S t r e e t 

T o r o n t o , O n t a r i o , C a n a d a 
M 5 S 1A7 

or 

P r o f e s s o r E . R. S e a q u i s t 
C h a i r 

D e p a r t m e n t o f A s t r o n o m y 
U n i v e r s i t y o f T o r o n t o 
60 St . G e o r g e S t r e e t 

T o r o n t o , O n t a r i o , C a n a d a 
M 5 S 3 8 H 

The dead l ine for t h e rece ip t of appl icat ions a n d 
l e t t e r s of r e c o m m e n d a t i o n is J a n u a r y 15, 1998. 

I n a c c o r d a n c e w i t h C a n a d i a n i m m i g r a t i o n 
r e q u i r e m e n t s , pr ior i ty will be given to C a n a d i a n 
citizens and p e r m a n e n t r e s iden t s of Canada . The 
Univers i ty of Toronto is commit ted to employ
m e n t equi ty a n d encourages appl icat ions from 
a l l q u a l i f i e d i n d i v i d u a l s i n c l u d i n g w o m e n , 
m e m b e r s of visible minor i t i e s , abor ig inal per
sons, a n d persons w i t h disabi l i t ies . 
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Experiments at NIKHEF, in which proton pairs 
are ejected from oxygen nuclei, help shed light 
on inter-particle correlations. This shows one 
of the highly segmented proton detectors. 

c m 2 s, about 5000 true triple co inc i 
dences were col lected. The energy 
and momen tum transfer were 210 
MeV and 300 MeV/c, respect ively, 
whi le the proton energ ies ranged 
f rom 40 to 160 MeV. 

The measured momen ta of the 
scat tered electrons and the e jected 
protons yield informat ion on the initial 
state of the proton pair. 

First, the excitat ion energy and the 
momen tum of the residual carbon 14 
nucleus are determined f rom these 
momenta . Assuming a quasi- f ree 
react ion, the momen tum of the 
recoil ing nucleus does not change 
dur ing the react ion and is equal and 
opposi te to the cent re-o f -mass 
momen tum of the initial proton pair. 

The excitat ion energy spec t rum 
reflects the binding energ ies of the 
protons inside the nucleus. In the 
nuclear shell mode l , oxygen 16 is 

descr ibed as a doubly c losed shell 
nucleus and the less bound nuc leons 
move in the shell c losest to the Fermi 
level. If such protons are e jected, the 
residual carbon 14 nucleus is left in 
the ground state or in a low exci ted 
state. 

For each transi t ion, angular 
m o m e n t u m conservat ion dictates the 
relat ions between the relative angular 
m o m e n t u m and the centre-of -mass 
angular momen tum of the proton 
pair. The latter is related to the 
m o m e n t u m of the recoil ing carbon 14 
nucleus. The measured recoil 
m o m e n t u m distr ibut ions clearly show 
the cor respondence between the 
exci tat ion energy and the centre-of-
mass angular momenta of the 
ejected pairs. 

A comb ined analysis of the low 
energy part of the excitat ion 
spect rum and the momen tum distr i

but ion of the carbon 14 nucleus 
shows that most of the ejected 
protons have zero relative angular 
m o m e n t u m ( including opposed 
spins) . Th is means that their average 
d is tance inside the nucleus was 
about 1 fermi , smal l enough to 
expect large effects of shor t - range 
nuc leon correlat ions. The 
predominat ing direct knock-out of S-
state proton pairs can be cons idered 
as a s t rong indicat ion for the 
impor tance of such correlat ions. On 
the other hand , contr ibut ions of other 
processes to the cross-sect ion, as 
suppor ted by recent theoret ical 
ca lculat ions, cannot be exc luded. 
The react ion mechan ism is s tudied in 
more detai l in an addit ional 
exper iment for wh ich data analysis is 
in progress. Compar ison of the 
comple te data set wi th the results of 
microscopic calculat ions may give 
further ev idence for short range 
corre lat ions. 

CERN 
Computing School 

The 20th C E R N School of 
comput ing , in Pruhonice, Czech 

Republ ic , f rom 1 7 - 3 0 August was 
organ ized in col laborat ion with the 
Institute of Physics, Prague, and the 
Char les Universi ty, Prague, and w a s 
opened in the presence of 
J . Nieder le, President of the Counci l 
of Internat ional Cooperat ion of the 
Czech A c a d e m y of Sc ience, Czech 
Delegate and Vice-President of the 
C E R N Counci l . Funding for certain 
s tudents at tending the School c a m e 
f rom U N E S C O and the European 
Commiss ion . 

The Schoo l was proud that for the 
first t ime all comput ing and per ipheral 
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Ranges probed by solar neutrino experiments 
in comparison to constraints from many other 
sources, together with predictions of some 
theoretical models. Also shown is the potential 
of the GENIUS project using germanium 
detectors in liquid nitrogen, at various scales. 
The lines correspond to different assumptions 
for the neutrino mass hierarchy. 

equ ipment was s taged by C E R N . 
The main computer setup cons is ted 
of 33 W indows NT Works ta t ions , 16 
on loan f rom Elonex, 16 f rom Hewlet t 
Packard , and 1 f rom Digital 
Equ ipment Corporat ion. O n e dual 
processor C P U was lent by S U N 
Microsys tems France. Equ ipment 
w a s del ivered to C E R N , set up in the 
C E R N Compute r Centre, all the 
necessary sof tware instal led and 
tes ted, d ismant led, packed and then 
sent to Pruhonice, where network 
connect ions had been assured . 

The School 's t hemes were : 
Informat ion Sys tems, Sof tware 
Product ion, Real- t ime 
Instrumentat ion and Visual izat ion. 
The p rog ramme cons is ted of 48 one-
hour lectures and 20 hours of 
tutor ials, wi th 19 speakers . 65 
s tudents , of 21 different nat ional i t ies 
and coming f rom 20 countr ies, 
a t tended. 

The 21st C E R N School of 
Comput ing will take place in Funcha l , 
Madei ra , Portugal , f rom 6 - 1 9 
Sep tember 1998, organ ized in 
col laborat ion with LIP, L isbon. Its 
t hemes will be: Intell igent Moni tor ing 
and Contro l ; Petabyte Storage (data 
bases) ; Agent and Distr ibuted 
Comput ing Techno logy ; and 
Sof tware Evolut ion. 

It is open to postgraduate s tudents 
and research workers wi th a few 
years ' exper ience in e lementary 
part icle physics, comput ing or related 
f ie lds. The 80 or so part ic ipants will 
be se lected most ly f rom C E R N 
Member States or f rom laborator ies 
c losely assoc ia ted wi th C E R N , but a 
few may come f rom C E R N non-
Member States. 

Appl icat ions should be sent to Miss 
Jacque l ine Turner, School of 
Compu t ing , C E R N , 1211 G e n e v a 23 , 
Swi tzer land phone +41 22 767 5049 ; 
fax: +41 22 767 7155; e-mai l : 

Comput ing .Schoo l © c e r n . c h 
h t tp : / /www.cern .ch/CSC/ The appl i 
cat ion deadl ine is 15 May 1998 

HEIDELBERG 
Debut of GENIUS 

W ith part icle physics is mak ing 
ex t reme demands on future 

accelerators , non-accelerator physics 
looking at t ransient effects 
(propagator physics) provides a 
comp lementa ry approach. 

Acce lera tors provide high 
interact ion rates, but are energy 
l imited, whi le passive exper iments 
have low rates and less energy 
restr ict ions. 

The recent Cast le Ringberg 
'Beyond the Desert ' meet ing 
(November , page 16) saw the launch 
of the G E N I U S (GErman ium in 
Ni t rogen Underground Setup) 
proposal for a new double beta 
decay and dark matter search by 
H.V. K lapdor-Kle ingrothaus, head of 
the Heidelberg special ist double beta 
decay group. 

The idea is to use one ton, or more, 
of 'naked ' enr iched german ium-76 
detectors in a shielding of l iquid 
ni t rogen in a tank of about 10m 
height and diameter. This shou ld 
probe the neutr ino mass down to 1 0 2 

or 1 0 3 eV, and test var ious var iants 
of supersymmetr ic models , the 
a tmospher ic neutr ino prob lem and 
s o m e aspects of the solar neutr ino 
prob lem. 

As ide f rom neutr ino physics, it 
wou ld a l low explorat ion of such ideas 
as leptoquarks, R-parity break ing 
and conserv ing supersymmetry , 
compos i teness , left-right symmet r ic 
mode ls etc. in the mul t i -TeV region. 

For cold dark matter, it wou ld cover 

the who le parameter space of 
supersymmet r i c mode ls for 
neutra l inos as dark matter and thus 
a lso ranges in wh ich supersymmet ry 
detect ion in col l ider exper iments has 
s o m e prob lems. If C E R N ' s LHC were 
to observe supersymmet ry , it wou ld 
be fasc inat ing to show the ex is tence 
of neutra l inos as dark matter. 

For its GENIUS proposal, the Heidelberg 
group has demonstrated the feasibility of 
germanium detectors operating in liquid 
nitrogen. 
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Physics monitor Participants in the recent Topics in 
Astroparticle and Underground Physics 
(TAUP'97) workshop outside the Italian Gran 
Sasso laboratory. 

Cosmology below 
ground 

The Topics in Astropart ic le and 
Underground Physics (TAUP) 

workshop reflects the growing 
importance of this field and its link 
with tradit ional part icle physics. 
TAUP '97 , fifth in the ser ies, w a s held 
at the Italian Gran Sasso Laboratory 
f rom 7 - 1 1 September. A report on 
the neutr ino aspect of the workshop 
appeared last month, and this month 
James Gil l ies' fo l low-up piece 
considers cosmology and cosmic 
rays. 

Cosmology was the first day 's topic, 
and after a brief introduct ion f rom 
workshop chai rman Piero Monacel l i 
of I'Aquilla, Chicago's David 
Sch ramm set off in rel igious ve in . 
At tempts to define the age of the 
Universe, he said, began in 1654 
when Archbishop Usher counted 
biblical 'begats ' to conc lude that the 
Universe began at 4 p.m. on 22 
October 4004 BC. Today 's 
determinat ions may be more 
scientif ic, contended Sch ramm, but 
they are still subject to the same high 
precision with large systemat ic 
errors. Things, however, are 
improving. Recent measurements of 
the Hubble constant, wh ich 
measures the Universe's expans ion 
as a funct ion of d istance, have begun 
to converge to a value around 60 
ki lometres per second per 
megaparsec, dat ing the Universe at 
around 12 gigayears. 

Another burning quest ion in 
cosmology is the matter densi ty of 
the Universe. It is widely known that 
the Universe contains substant ia l 
amounts of matter undetectable by 
convent ional ast ronomy, but is this 
dark matter enough to cause 
gravitat ional col lapse, or wil l the 

Universe expand forever? Theory 
suggests that the matter density will 
have some critical value such that 
the expans ion stops when t ime 
reaches eternity. Recent 
measurements show that the densi ty 
of galact ic clusters is about a quarter 
of this crit ical va lue. Extrapolat ing 
f rom these measurements , Sch ramm 
inferred that most dark matter must 
be non-baryonic and that if the matter 
density has precisely the level 
needed to stop indefinite expans ion, 
then dark matter must have hot (fast-
moving) and cold (s low-moving) 
components , s ince most cold dark 
matter will be in clusters. 

Saclay 's Michel Spiro concentrated 
on the search for baryonic dark 
matter in the form of M A C H O s , 
Massive Astrophysical Compac t Halo 
Objects, at the periphery of our 
galaxy. These could be brown 
dwarfs, neutron stars, or black holes. 
Several candidates have been found 
in the direct ion of the Magel lanic 
c louds, suggest ing that up to half of 
our galaxy 's halo could be made up 
of M A C H O s . 

Non-baryonic dark matter searches 
were summar ized by Lars Bergst rom 

of S tockho lm. Neutr inos are a possi
bility, but they could not have seeded 
galaxy format ion, and Pauli 's exc lu
sion principle prevents them f rom 
being packed tightly enough to 
explain the amount of dark matter in 
dwarf galaxies. Neutr inos, therefore, 
are unl ikely to account for more than 
about a tenth of dark matter. The 
most popular candidate is 
supersymmetry , the elegant and 
appeal ing theory proposed to link 
part icles of matter with the part icles 
which carry forces between them. 
Supersymmet ry predicts a range of 
new part icles which are the subject of 
intensive searches at both passive 
and accelerator laboratories. 

Many supersymmetr ic particle 
searches look for neutr inoless double 
beta-decay in german ium. This 
process, so far undetected, whereby 
two electrons are emit ted f rom a 
nucleus wi thout accompany ing 
neutr inos, could be mediated by 
supersymmetr ic part icles. 
Heidelberg 's Laura Baudis descr ibed 
a new german ium exper iment wh ich 
will better its predecessors by im
proving background suppress ion. 
The Heidelberg team is also drawing 
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U N E H A U T E I D E E DE L E N T R E P R I S E 
A 10 minutes de Vaeroport 
international de Geneve, 
au can efour des reseaux 
autoroutiers F/ CHI D /1, 
pres de deux gares TGV, 
a proximite du prestigieux CERN. 

propose sur 40 hectares : 
des parcelles de terrains viabilisees 
(achats ou location) 
des bureaux et des bdtiments mixtes 
unepepiniere d'entreprises 
des services specifiques d'assistance 
aux entreprises pour une implantation 
regionale et pourdes relations avec le CERN 
un Bureau de Rapprochement 
des Entreprises agree par la CEE. 

^ * * & ̂  ft _ ft 
L E 

T E C H N O P A R C 
- PAYS D E G E X -

<NJ ^ proposes 100 acres (40 ha) of equipped site with : 

q q pieces of land 

A Ten minutes' drive 
to Geneva International Airport, 

at the crossroads of the F/CH/D/I 
motorways, close to two 

TGV railway stations, right next 
to the prestigious CERN. 

& ft # 

CONTACT: 
S YNDICATINTERCOMMUNAL 
D'ACTIVITE DU PAYS DE GEX 

50, rue G.Eiffel-BP 104 
F-01632 Saint-Genis-Pouilly 

Tel. (033) 04 50 42 20 00 - Fax (033) 04 50 42 20 20 
E-mail: bregex @leman.com 
internet: http://www.leman.eom/~bregex 

(purchasing or renting) 
offices spaces 

activity buildings 
incubator 

Business Corporation 
Center agreed 

by CEE. 

ST-GENIS-POUILLY 

FRANCE f;! I T ™ 
SUISSE^ 

VERS LYON ^ 

P O S T E D E P R O F E S S E U R 

L.A.L. ORSAY 

U n i v e r s i t e d e P a r i s - S u d 

L a b o r a t o i r e d e l ' A c c e l e r a t e u r L i n e a i r e 

Un poste de Professeur experimentateur en 
Physique des Particules sera ouvert au 
Concours debut 1998. Le physicien recrute 
devra prendre des responsabilites importantes 
dans le programme ATLAS au LAL. 
Les candidats interesses sont pries d'envoyer 
un curriculum vitae a : 

Jacques LEFRANgOIS 

Directeur d u L.A.L. 
Bailment 200 - Universi te de Paris-Sud 
F 91405 ORSAY Cedex 

E-mail: lefrari9ois@LAL.IN2P3.FR 

L u d w i g - M a x i m i l i a n s - U n i v e r s i t a t M u n c h e n 

in der Fakultat fur Physik ist ab 1. April 1997 eine 

Professur (C 3) fiir 
Theoretische Physik 

zu besetzen. 

Der Forschungsschwerpunkt des Bewerbers / der Bewerberin 
sollte auf dem Gebiet der Phanomenologie der Elementarteilchen 
liegen. Zu den Aufgaben gehort die Vertretung des Faches in For-
schung und Lehre. Die Bereitschaft zu einer Zusammenarbeit mit 
Forschergruppen an der Sektion Physik ist erwtinscht, insbeson-
dere auf dem Gebiet der experimentellen Hochenergiephysik. 

Einstellungsvoraussetzungen sind abgeschlossenes Hochschul-
studium. Promotion und Habil i ta t ion oder gleichwert ige 
Qualifikation sowie padagogische Eignung. 

Bewerber und Bewerberinnen diirfen das 52. Lebensjahr zum 
Zeitraum der Ernennung noch nicht vollendet haben. 

Die Universitat Munchen ist bestrebt, den Anteil der Professorin-
nen zu erhohen. Qualifizierte Wissenschaftlerinnen werden des-
halb besonders aufgefordert, ihre Unterlagen einzuziehen. 

Bewerbungen sind mit den ublichen Unterlagen (Lebenslauf, 
Zeugnisse, Urkunden, Schriftenverzeichnis) bis 05.01.1998 beim 
Dekanat der Fakultat fiir Physik der Ludwig Maximulians 
Universitat Munchen, SchellingstraBe 4, 80799 Munchen, einzu-
reichen. 
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Three scenarios for the future of the Universe. 
The current expansion rate, as measured by 
the Hubble constant, H0, is marked. If the 
Universe is denser (W) than some critical 
value, it will eventually collapse in a big 
crunch. If it is less dense, it will continue to 
expand forever. 

up plans for Genius, a 1 ton detector 
which, said Baudis, would show 
definitively whether supersymmetr ic 
particles exist as well as being able 
to measure neutrino masses down to 
0.01 eV). 

A new generat ion of cryogenic 
detectors, able to measure t iny 
energy deposit ions, is set to make its 
mark on dark matter searches as well 
as many other aspects of 
underground physics, said Oxford's 
Norman Booth. The large number of 
related talks which fol lowed lent 
weight to his case. Dan Aker ib f rom 
Case Western Reserve descr ibed the 
Cryogenic Dark Matter Search 
exper iment currently test ing 
prototypes at Stanford and preparing 
to install a full scale detector in 
Minnesota's Soudan mine. The 
French experiment Edelweiss, being 
installed in the Frejus laboratory, was 
presented by Phil ippe di Stefano of 
Saclay, whilst Noel Coron of Orsay 
presented Rosebud, an exper iment 
due to start up later this year at 
Canfranc in the Pyrenees. The 
C R E S S T col laboration was 
presented by Ludwig Zerle of the 
Max Planck Institute in Munich. 
CRESST's 262 gram sapphire crystal 
detector, cooled to 15 mil l ikelvin, is 
currently under test at Gran Sasso. 

Two innovative cryogenic 
approaches were descr ibed by 
Bern's Klaus Pretzl and Sheff ield's 
Dan Tovey. Pretzl d iscussed the 
Orpheus exper iment to be installed at 
Bern's underground laboratory next 
year. Orpheus relies on superheated 
superconduct ing granules. Magnet ic 
field lines normally run round the 
granules, but when a heavy particle 
hits a granule causing it to lose its 
superconductivi ty, the field l ines pass 
through it, causing a measurable 
change in magnetic flux. In the 
Caspar experiment, dest ined for the 

Boulby mine in Northern England, 
grains of inorganic scintil lator are 
suspended in a gel of organic 
scintil lator. As explained by Tovey, 
recoils f rom heavy particles are 
contained in the grains whereas 
electron recoils are not. This al lows 
discrimination on pulse shape. 

Satel l i te-borne experiments were 
covered by Columbia's Marc 
Kamionkowski and Florence's Piero 
Spil lantini. Kamionkowski d iscussed 
NASA's MAP and ESA's Planck 
programmes which will improve on 
the COBE measurements of the tiny 
irregularit ies in the cosmic microwave 
background. MAP is due to be ready 
by 2001 or 2002, whereas Planck is 
scheduled for launch in 2003. 
Spillantini descr ibed two 
exper iments, A M S and Pamela, 
which will search for charged 
antipart icles in primary cosmic 
radiation. Such antiparticles could 
either result f rom the existence of 
large amounts of antimatter in the 
Universe, or be produced in the 
annihi lat ion of supersymmetr ic 

part icles in space. A M S will fly briefly 
in 1998 on the space shuttle before 
being installed in the space station. 
Pamela, developed from the Wizard 
high alt i tude balloon exper iments, is 
scheduled to be launched from 
Baikonur in 1999. 

Wupperta l 's Heinrich Meyer 
d iscussed high energy gamma rays 
originating f rom active galactic nuclei 
and supernova remnants. These are 
thought to be synchrotron radiation 
f rom electrons orbit ing in the 
magnet ic field of their parent object. 
But if this is the case, said Meyer, 
then electrons of 1 0 1 7 e V would be 
needed to account for the 70 TeV 
events seen. No one, he said, has 
yet given a satisfactory quantitat ive 
explanat ion of such high energies. 

Gran Sasso's Veniamin Berezinsky 
speculated on the origin of cosmic 
rays with energies over 1 0 1 9 e V . 
There are as many models as 
events, he said, ranging f rom 
astrophysical shock waves to ultra 
heavy dark matter particles. The only 
thing which seems certain is that 
unless the primaries are iron nuclei, 
then these particles come f rom 
beyond our galaxy. 

Tsvi Piran of Jerusalem's Hebrew 
University t raced the detective story 
which seems to have resolved the 
en igma of gamma ray bursts. These 
short bursts of photons were 
discovered by chance in the 1960s 
by military satell i tes. They originate 
outside the solar system and, until 
recently, were not correlated with any 
other s ignal . One possible 
explanat ion, developed by Piran and 
others, suggests that gamma ray 
bursts come from some kind of extra-
galactic f ireballs, and predicts an x-
ray aftershock. In February this year, 
a satell ite observed just such an 
event, strongly support ing Piran's 
interpretation (July, page 16). What 
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exact ly are these f ireballs? Piran's 
favoured candidate is merging binary 
neutron stars. 

CERN 's Carlo Rubbia conc luded 
the workshop with a personal look at 
the future. Al though accelerators will 
do great physics, according to 
Rubbia "that will not be enough" . 
Rubbia proposes a new 
methodology, saying that just as beta 
decay told us much about W and Z 
part icles without requir ing high 
energy accelerators, so proton decay 
could tell us about physics at the 
unif ication scale. In a succinct 
paraphrasing of Heisenberg 's 
uncertainty principle, Rubbia pointed 
out his v iew of the way forward; "If 
you don't have the energy", he sa id, 
"you have to have pat ience." 

The next T A U P meet ing will be held 
at Saclay, France, in 1999. 

Overview of 
underground physics at 
Gran Sasso 

T he Italian Gran Sasso laboratory, 
one of the world's leading sites 

for underground physics, was born in 
1980 following a suggestion from 
Antonino Zichichi. A new motorway 
was to be built under the Gran Sasso 
massif, and it seemed logical to build 
the laboratory at the same time. In 
1982 construction began, and in 
1988, the laboratory opened. 

The Laboratory consists of three 
large halls connected by a network of 
tunnels and service areas 
underneath 1400 metres of rock. 
Along with low levels of natural 

radioactivity, this makes it an ideal 
place for studying neutrino physics 
and rare processes. 

Gal lex is one of Gran Sasso's most 
important experiments. Running from 
1991 to 1997, it made pioneer 
measurements of neutrinos from the 
main proton-proton fusion reaction in 
the Sun. Gallex results confirm 
evidence from other experiments that 
fewer solar neutrinos reach the Earth 
than expected. New experiments, the 
Gallium Neutrino Observatory, 
Borexino, and Icarus will extend the 
studies Gallex began, bringing a 
greater understanding of the 
reactions taking place at the heart of 
the Sun. 

MACRO is colossal electronic 
detector patiently studying high 
energy cosmic rays in a hunt for 
exotic particles such as magnetic 
monopoles. MACRO, along with 
another experiment, LVD, is also on 
the look out for bursts of neutrinos 
originating from supernovae. 

Smaller experiments like the 
cryogenic dark matter search, 
CRESST, and an accelerator 
experiment measuring the cross-
sections of reactions which happen 
at the Sun's core also benefit from 
Gran Sasso's low radiation 
environment. With two new 
experimental halls and a possible 
neutrino beam from CERN, Gran 
Sasso has a bright future for many 
years to come. 

Gran Sasso's Macro experiment has been 
keeping a watchful eye open for magnetic 
monopoles since 1989. 
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IOWA STATE UNIVERSITY 
DEPARTMENT OF PHYSICS AND ASTRONOMY 

TENURE-TRACK ASSISTANT PROFESSOR 
Experimental High-Energy Physics 

The Department of Physics and Astronomy at Iowa State University invites 
applications for a tenure-track faculty position in experimental high-energy 
physics to begin August, 1998. Requirements include a Ph.D. and record 
of research accomplishments in experimental particle physics. Effective 
teaching at both the undergraduate and graduate level will be expected. 
Current high-energy physics research at ISU is centered in two programs: 
one at hadron collider facilities (DO at Fermilab and CMS at the CERN 
LHC) and the other at electron-positron collider facilities (DELPHI at 
LEP and BaBar at SLAC). The new faculty member is expected to join 
one of these programs. Other related research at ISU includes particle 
astrophysics at the Whipple gamma-ray observatory and studies of 
relativistic heavy-ion collisions at RHIC (the PHENIX collaboration). 

Applicants should send a letter of application and a resume which includes 
a list of publications and names of references, and arrange for three letters 
of recommendation to be sent to: 

Experimental High Energy Search Committee 
c/o Ms. Erlene Mooney 

Department of Physics and Astronomy 
Iowa State University 

Ames, IA 50011-3160 

No formal application materials will be accepted by e-mail. Applications 
will be accepted until January 24, 1998 or until the position is filled. Iowa 
State University is an equal-employment-opportunity/affirmative-action 
employer. Women and individuals from minority groups are encouraged 
to apply. Further information about the department may be found at 
http://www.public.iastate.edu / ~ physics/. 

m 
ECOLE POLYTECHNIQUE 
FEDERALE DE LAUSANNE 

For its Department of microengineering, the Swiss Federal 
Institute of Technology Lausanne (EPFL) invites 
applications for a full professor position: 

PROFESSOR IN B I O M E D I C A L OPTICS 

Applicants should have a university education in science or 
engineering, several years of recent research and 
development experience in the field of biomedical 
photonics, and well established collaborations with medical 
research groups. Priority will be given to candidates who 
can give evidence of original and creative activity in the 
industrial or academic sphere and who are ready to develop 
and maintain collaboration with industries. The candidate 
should possess a good leadership as well as a marked 
interest and talent for teaching at the undergraduate and 
graduate level. In particular, he/she should have a personal 
vision in his/her field and enjoy to be a mentor to students 
and young researchers. 

Deadline for applications: February 15,1998. 
Start date: as mutually convenient. 

Applications from women are particularly welcome. For 
further information, please write to: 
Presidence de VEcole polytechnique federate de Lausanne, 
CE-Ecublens, CH1015 Lausanne, Suisse 

t U n i v e r s i t y o f 

O x f o r d 
in association with Lady Margaret Hall 

Department of Physics 

Un ive rs i t y Lec tu re r sh ip in 
E x p e r i m e n t a l Par t i c le Phys i cs 

Applications are invited for the above post which is available from 1 October 1998. 
Oxford University has a wide ranging research programme in particle physics and 
particle astrophysics. We are heavily involved in preparations for the ATLAS and LHC-B 
experiments, while continuing strong participation in the DELPHI experiment at LEP and 
the ZEUS experiment at DESY. The particle astrophysics activities include the current 
Soudan 2 experiment in the USA and preparations for the MINOS neutrino oscillation 
experiment at that site, as well as the Sudbury Neutrino Observatory in Canada, the 
CRESST dark matter search in Italy, and further development of cryogenic detectors for 
dark matter searches and other applications such as X-ray astronomy. We are also 
exploring the possibilities of neutrino astronomy with ANTARES. The appointee would be 
expected to participate in the future development of this programme and possibly in 
additions to it. 

The stipend is according to age on the University Lecturer scale £16,045 - £29,875 per 
annum. The successful candidate may be offered a tutorial fellowship by Lady Margaret 
Hall in which case the combined university and college salary would be according to age 
on a scale up to £35,754 per annum. Additional college allowances may be available. 
Further particulars of the duties and emoluments of both the university and college posts 
may be obtained from the Deputy Administrator, Department of Physics, Nuclear & 
Astrophysics Laboratory, Keble Road, Oxford, 0X1 3RH, email, p.dobbs1@physics.ox.ac.uk. 

Applications including a statement of research interests and teaching experience, 
curriculum vitae, list of publications and the names of three referees should be 
mailed to the Deputy Administrator at the above address to arrive no later than 
31 January 1998. The referees should be asked to send letters of reference directly 
to Professor Susan Cooper, Head of Particle & Nuclear Physics at the same 
address to arrive by the closing date. It is expected that short-listed candidates will 
be interviewed in Oxford in March 1998. Applicants are asked to provide an email 
address, fax or telephone number where they can be contacted. 

The University is an Equal Opportunities Employer. 

T h e M a x - P l a n c k - I n s t i t u t f u r P h y s i k , 
Miincfien, offers the postdoc-posi t ion of an 

E x p e r i m e n t a l P h y s i c i s t ( P h . D . ) 

to par t ic ipa te in the experiment H E G R A (High 
Energy G a m m a Ray Astronomy) , which is car
ried out at La Palma, Spain, to investigate ul tra
high energetic cosmic rays. In part icular , h i s /her 
work will concentrate on the da t a analysis, bu t 
par t ic ipa t ion in the measurements at La Pal
ma is also expected. Fur thermore , the candida
te should par t ic ipa te in the development of new 
detectors for very high energy gamma-ray astro
nomy, such as a 17 m 0 air Cherenkov telescope. 
Candidates should have broad experience in com
plex physics evaluations and analysis programs 
and should be able to carry out scientific tasks 
independen t ly 

The posi t ion is available as of January 1998, 
and the contract will initially be limited to three 
years wi th the possibility of an extension. 
Applicat ions, together wi th a curr iculum vitae, 
a list of publicat ions and three references, should 
be sent as soon as possible to 

Prof. N. Schmitz 
Max-Planck-Ins t i tu t fur Physik 
Fohringer Ring 6 
80805 Miinchen 
Germany 
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CESR-B superconducting single cell cavity at 
500 MHz made from bulk niobium by the 
European Accel concern, The front beam tube 
is fluted to trap the fundamental mode but let 
higher order modes leak out to a warm ferrite 
absorber. Behind is the wave guide coupler for 
the main power input. (Accel, of Bergisch-
Gladbach, close to Cologne, Germany, is the 
survivor of the ex-lnteratom Siemens division, 
bought up by key personnel and now 
autonomous.) 

WORKSHOP 
Radiofrequency 
superconductivity 

A quarter of a century after the 
first machine based on super

conduct ing radiofrequency (RF) 
cavit ies accelerated its first beam at 
Stanford's High Energy Physics 
Laboratory, the 8th biennial work
shop on RF superconductivi ty was 
held from 6-10 October at Abano 
Terme (Italy). The technique has 
come a long way since then. 

After opening talks on basic 
superconductivi ty theory, 
presentat ions covered more general 
topics as well as laboratory 
developments. For instance RF 
application of high temperature 
superconductors seems to be going 
well in commercial appl icat ions 
where ready-made filters with 
incorporated cryocooler can already 
be bought off the shelf. However, 
machines equipped with accelerat ing 
cavit ies using high temperature 
superconduct ing materials still seem 
to be out of reach. 

Laboratory and review talks 
discussed problems of daily 
accelerator operation and highl ighted 
technical achievements. New surface 
analysis techniques will improve 
understanding and hopefully lead to 
defeat ing the old enemies: 
contaminat ion layers, field emitters 
and defects, whether on the surface 
or hidden in the material. 

Furthermore, intense studies 
improve the understanding of 
sputtered superconduct ing niobium 
layers, while production modif icat ions 
improve performance. The prospects 
of other thin film superconductors, 
such as NbTiN (niobium t i tanium 

nitride) or Nb 3 Sn (niobium-tin), were 
also discussed. 

The number of operational 
machines increases steadily. 
Munich's unique superconduct ing 
Triton cyclotron (see page 15) with its 
huge 170 MHz lead-plated leap-frog 
cavit ies announced its first beam, 
whi le the Darmstadt S-Dalinac has 
logged 16000 physics beam hours, 
its cavit ies being upgraded for higher 
performance. 

Several heavy ion accelerators 
reliably deliver beam to physicists 
and a radioactive beam facility is in 
preparation at Argonne's ATLAS 
machine. Two years ago the then-
new CEBAF machine at the 
Jefferson Laboratory, Virginia, had 
provided 800 MV per passage to the 
beam, then the highest 
'superconduct ing voltage' avai lable. 
Meanwhi le this machine has accu
mulated more than 3 million opera
tional cavity-hours without real 
problems, showing the impressive 
reliability of this technology. In test 
runs the average cavity gradient has 
even improved to 1200 MV per 
passage, opening the door to higher 
energies. 

Since the last workshop, CERN's 
LEP2 has made its debut, and its 240 
installed superconduct ing cavit ies 
hold the record for a 'super
conduct ing voltage' - about 2.3 GV 
(the existing copper cavities bring the 
total voltage to 2.6 GV). Its smooth 
running provides more proof that 
superconduct ing RF cavit ies have 
become standard accelerator equip
ment (see page 8). 

The TESLA project with its 20,000 
superconduct ing cavit ies at a field of 
25 MV/m (October, page 12) aims for 
the blue riband of superconduct ing 
voltage. With the collaboration of 
many laboratories from all over the 
wor ld , a demonstrat ion is well under 

way at the test facility (TTF) at 
DESY. As well as showing the 
feasibil i ty of the TESLA technology 
prior to project approval , it will also 
be exploited in a free electron laser. 

Large installations such as C E B A F 
and LEP2 have already required 
industrial series production methods, 
pushing down cost and at the same 
t ime assur ing thorough quality 
control . This becomes crucial for 
TESLA. For example a method using 
eddy current scanning of niobium 
sheets has been developed to detect 
inclusions (like tantalum clusters) 
below the metal surface prior to 
fabr icat ion. A great step towards 
cheaper cavity production was made 
at the Legnaro host laboratory, where 
entire multicell cavit ies of the TESLA 
type can be spun, without weld ing, 
using a dismountable mandrel . 

One common difficulty for all high 
current machines, the transport of 
high RF power into the cold cavit ies, 
seems to be largely mastered. 
Mult ipacting problems in the cooled 
areas of the LEP2 couplers have 
been overcome by thorough 
preparat ion of the couplers during 
product ion and processing and finally 
by the appl icat ion of a DC bias 
vol tage of 2-3 kV. There have been 
no operat ional problems with the 

CERN Courier, December 1997 25 



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

power couplers . At C E R N the coupler 
per formance was demons t ra ted on a 
ded icated cold cavi ty where 500 kW 
(CW) at 352 MHz were t ransmi t ted to 
a pair of s tandard LEP couplers . At 
KEK, Japan , several pairs of 
couplers on a test s tand at 508 MHz 
reached 800 kW (CW) power 
t ransport wi thout DC bias. First tests 
wi th dif ferent des igns of a T E S L A 
coupler look promis ing, coup lers 
having been exposed up to 210 kW 
i n C W . 

Besides the two tradi t ional 
cus tomers for superconduct ing 
cavi t ies, e lectron accelerators or 
s torage rings (high relativity beta) 
and s lower heavy ion ( low beta) 
accelerators, another cus tomer has 
appeared : high intensity proton l inacs 
used for var ious neutron spal lat ion 
sources. These will need 
superconduct ing cavi t ies wi th lower 
beta, simi lar in shape to the present 
high beta ones but wi th shorter cel ls. 
This presents new technical 
cha l lenges for mechan ica l stabi l i ty 
and thin f i lm product ion of n iob ium-
sput tered cavit ies. 

Part icle factor ies, such as those at 
KEK or Cornel l , need classical high 
beta cavi t ies, but the higher order 
modes (HOM) become a p rob lem 
and cavi t ies with specia l internal 
absorbers or ' f luted' cut-off tubes 
have been built by industry. 

Future appl icat ions were descr ibed 
in the f inal morn ing sess ion , including 
Car lo Rubbia 's presentat ion of his 
energy ampl i f ier /nuclear was te 
incinerator and Bjorn Wi ik 's overv iew 
of p lans for the T E S L A mach ine . 

The Abano Te rme workshop w a s 
organ ized by INFN's Legnaro 
Laboratory under the cha i rmansh ip of 
V incenzo Palmieri and at t racted a 
record 220 part ic ipants f rom 16 
countr ies - including representat ives 
f rom industry. The next wo rkshop will 

be in 1999 at Santa Fe, New Mexico, 
under the cha i rmansh ip of Brian 
Rusnak of Los A lamos . 

By Joachim Tuckmantel 

Book received 

Niels Bohr - Collected Works, 
Volume 7, Foundations of Quantum 
Physics II (1933-1958), Edited by 
Jorgen Kalckar, Elsevier, ISBN 
0444898921, $343.75 

Prepared under the ausp ices of the 
Niels Bohr Arch ive, this monumenta l 
and painstakingly prepared vo lume is 
the second col lect ion (after Vo lume 
6) of Bohr material on the 
Foundat ions of Quan tum Mechan ics . 
Part I of Vo lume 7 presents the 
extens ion of the analysis of 
comp lementa ry relat ionships to the 
foundat ions of relativistic quan tum 
mechan ics , whi le Part II covers 
further analysis of basic issues in 
Bohr 's cont inual quest for deeper 
insight. Part III includes some gems 
of cor respondence with his 
contemporar ies (Einstein, 
He isenberg , Klein, Kramers , Paul i , 
Rosenfe ld , Schrodinger, We isskop f ) . 
A t reasure of material for Bohr 
scholars . 

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) 
Ilka Flegel, P. Waloschek 

Fermi National Accelerator Laboratory, 
(USA) 

Judy Jackson 

GSI Darmstadt, (Germany) 
G. Siegert 

INFN, (Italy) 
A. Pascolini 

IHEP, Beijing, (China) 
Qi Nading 

JINR Dubna, (Russia) 
B. Starchenko 

KEK National Laboratory, (Japan) 
A. Maki 

Lawrence Berkeley Laboratory, (USA) 
B. Feinberg 

Los Alamos National Laboratory, (USA) 
C. Hoffmann 

NIKHEF Laboratory, (Netherlands) 
Margriet van der Heijden 

Novosibirsk Institute, (Russia) 
S. Eidelman 

Orsay Laboratory, (France) 
Anne-Marie Lutz 

PSI Laboratory, (Switzerland) 
P.-R. Kettle 

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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The College Of 

f p W l L I IAM&PMARY 
F A C U L T Y P O S I T I O N 

The William & Mary Physics Department invites applications for 
a tenure-track position in experimental nuclear or particle 
physics. The position should start in the fall of 1998, and would 
be at the entry level of assistant professor unless exceptional cir
cumstances warrant appointment at a more senior level. The 
Department has a strong commitment to Jefferson-Lab-related 
activities. In addition, its nuclear and particle groups are engaged 
in research programs at BNL, MIT-Bates, SLAC, TRIUMF and 
other labs. The Department has 30 full-time faculty, 
approximately 50 graduate students, and a substantial number of 
undergraduate majors who actively participate in its various 
research programs. The candidate would be expected to initiate and 
maintain a strong research program in experimental nuclear or 
particle physics including work at Jefferson Lab, to seek external 
funding, and to teach well at both the undergraduate and graduate 
levels. Applicants should send a current resume and a summary of 
research interests. In addition, they should arrange to have three or 
four letters of recommendation sent on their behalf. All 
correspondence should be mailed to : 

Chair, Nuclear/Particle Search Committee 
Department of Physics, PO Box 8795 

College of William & Mary 
Williamsburg, VA 23187-8795, USA 

<NPsearch@physics .wm.edu> 
<www.phys ics .wm.edu> 

Screening of applicants will begin on 5 January 1998 and con
tinue until the position is filled. The College of William & Mary 
is an Equal Opportunity/Affirmative Action university. Members 
of under-represented groups are strongly encouraged to apply. 

STOCKHOLM UNIVERSITY 
FYSIKUM 

The Department of Physics at the Stockholm University has opened a 

Research Assistant Position in Experimental 
Astroparticle Physics 

The research group in experimental astroparticle physics at Stock
holm University is involved in the AMANDA detector for cosmic 
high energy neutrinos. The scientific goals include the search for neu
trinos from point sources in the Universe and indirect searches for 
dark matter candidates. 

The ten string AMANDA-BIO detector, at 2000 metres depth in the 
South Pole glacier, is taking data continuously since February 1997. 
The first neutrino candidates have recently been reconstructed and 
the experiment is in an intensive development phase. 

The AMANDA detector will in the coming 3 years be upgraded to 
AMANDA-2 and a cubic kilometres (ICECUBE) detector for the fu
ture is under investigation. 

The candidate should have completed a Ph.D. in Physics within the 
last 5 years. Experience in experimental high-energy physics or 
astroparticle physics is desired. 

The appointment will initially be limited to two years with a possible 
extension to four years or, with 20% teaching duties, to five years. 

Applicants should send their curriculum vitae, a short description of 
current research and teaching experience, a list of relevant publica
tions as well as one copy of each, copies of university degrees and 
three letters of recommendations before the 2nd of February 1998 to 
Stockholm University, Personnel Division, Registrator, S-106 91 
Stockholm, Sweden. The reference number for the position is 614-
2656/97. The fax number is +46 8 612 5960. 

For additional information, please contact Prof. Per Olof Hulth, 
e-mail: hulth@physto.se, phone +46 (0) 8 1646633 or Dr. Ariel Goobar, 
e-mail: ariel@physto.se, phone +46 (0) 8 164725, fax +46 (0) 8 347817. 

POSTDOCTORAL 
FELLOWSHIP IN HIGH 

ENERGY NUCLEAR 
PHYSICS 

The Nuclear Science Division of the Ernest Orlando Lawrence 
Berkeley National Laboratory has an opening for a postdoctoral 
physicist in the area of experimental high energy nucleus-nucleus 
collisions. The appointment is for a term of two years with the 
possibility of renewal. The successful candidate will have a Ph.D. 
in nuclear or particle physics, and is expected to participate in 
the STAR activities of the Relativistic Nuclear Collisions (RNC) 
Group with residency at Berkeley and/or Brookhaven. 

The RNC Group plays a leading role in the STAR experiment at 
the Relativistic Heavy Ion Collider (RHIC) at Brookhaven with 
responsibility for the construction of the central detector (TPC) 
and software development, and has active experimental programs 
at the CERN SPS (NA49) and at the Brookhaven AGS (E895). 

Applicants are requested to submit a curriculum vitae (indicating 
Job #) and a list of publications. In addition, they should arrange 
for three letters of reference to be sent to: H.G. Ritter, LBNL, 
Job #NSD5527/JCERN, MS 50A-1148, One Cyclotron Road, 
Berkeley, CA 94720, or e-mail 
to: HGRitter@LBL.gov. The 
position is open until filled. Ber
keley Lab is an affirmative ac
tion/equal opportunity employer 
committed to the development of 
a diverse workforce. 1=1 d=m=il=i«WJ=l 

Research Associate Position 
High energy Physics 

The Ohio State University 
The Experimental High Energy Physics group 
at the Ohio State University invites applications 
for a postdoctoral research associate position 
with our CLEO program at CESR. In addition 
to our ongoing data analysis effort in heavy 
flavor physics, we are also involved with the 
CLEO III upgrade program where we have 
major responsibilities for the design and 
implementation of the Silicon Vertex Detector 
and data acquisition system. Interested can
didates should send a letter of application, 
vitae, list of publications, and three letters of 
recommendation to Professor K.K. Gan, The 
Ohio State University, Department of Physics, 
174 West 18th Ave., Columbus, Oh 43210-
1106. The Ohio State University is an equal 
opportunity employer and we actively en
courage applications from women and minority 
candidates. 
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People and things Knud Henrik Hansen 1927 - 97 

On people 

Among the recipients of prizes from 
the French Physical Society this year 
were: experimentalist Roy Aleksan of 
Saclay, who received the Joliot-Curie 
Prize; nuclear physicist Jean-Paul 
Blaizot of Saclay, who received the 
Jean Ricard Prize; and theorist 
Alexandre Grossman of Luminy, 
Marseille, who received a special 
prize. 

CERN Director General Chris 
Llewellyn Smith has been elected 
Foreign Fellow of the Indian National 
Science Academy. 

Ugo Amaldi of Milan and CERN has 
received the award of Doctor Honoris 
Causa of the University Claude 
Bernard Lyon 1 in the context of 
activities to celebrate the centenary 
of the discovery of radioactivity. 

Distinguished Indian theorist Amitava 
Raychaudhuri of Calcutta receives 
the prestigious Shanti Swarup 
Bhatnagar Award, given to young 
Indian scientists for work mainly done 
in India. 

Knud Henrik Hansen 1927 - 97 

One of the pioneers and leaders of 
Scandinavian particle physics, Knud 
H. Hansen, died on October 22, a 
few days after his 70th birthday. 

He joined the Niels Bohr Institute, 
then called the Institute for 
Theoretical Physics, Copenhagen in 
1956. As a student, he had already 
begun work with Jorgen K. Boggild's 
cosmic ray group, eventually 
becoming its leader in 1965 and 
remaining so until retiring in 1992 
due to health problems. With CERN 
underway, he was a driving force in 
the formation of the influential 
Scandinavian Bubble Chamber 
Collaboration. He and his group 
made important contributions to a 
number of large international 
collaborations. 

He enjoyed investigating the high 
energy frontier and welcomed the 
opportunities presented by CERN's 
ISR. There he was actively involved 
in the formation of the British-
Scandinavian Collaboration, among 
the first to study high transverse 
momenta phenomena, and later in 
the Axial Field Spectrometer 

At the inauguration of the first 'Greece at 
CERN' industrial expo, Andromachi Tsirou 
(left) explains the Delphi experiment to 
Emmanuel Frangoulis, Secretary General and 
Vice Minister, Greek Ministry of Industry. 
Between them is Emmanuel Floratos, Greek 
delegate to CERN Council. 
(Photo CERN HI 6.10.97) 

Collaboration, where these studies 
were extended to jets. 

In the mid-80s, his group joined 
Delphi at LEP, but while he gave this 
his full support, he was more 
interested in the new opportunities of 
relativistic heavy ion collisions and 
later joined the NA44 collaboration, 
where he remained a member also 
after his retirement. 

Knud Hansen was excited by new 
investigations and transmitted this 
excitement to his students and 
collaborators. With a deep respect for 
fundamental physics, he was cynical 
of superficial fashion. He constantly 
strived to instil in his students an 
appreciation of the 'real' physics 
objectives. 

Knud Hansen also played an 
important role in the formation of the 
NBI theoretical high energy group 
through timely support and 
encouragement of young physicists. 

He became a much respected 
director of the Institute in 1985 and 
remained so until his retirement. He 
represented Denmark in the CERN 
Council for a short period around 
1980. In 1983, he was made an 
honorary doctor at Lund. 
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POSTDOCTORAL RESEARCH ASSOCIATE 
EXPERIMENTAL HIGH ENERGY PHYSICS 

IOWA STATE UNIVERSITY 

The Ames High Energy Physics group at Iowa State University has an 
immediate opening for a postdoctoral associate to join its experimental 
program. Our group is currently designing, building and testing electronics 
for the BaBar experiment at the SLAC Asymmetric B-Factory. The new 
postdoctoral associate will be stationed at SLAC as part of this program 
and should have experience in both hardware (electronics) design, online 
software systems and data analysis. Experience with C + + is desirable. 
BaBar is scheduled for installation in 1999 and data collection should 
begin shortly thereafter. The main physics goals of BaBar are 
measurements of CP-violation in the b-quark sector, heavy quark physics 
studies to both measure CKM matrix elements and to overconstrain the 
unitary triangle. 

Other activities of our group include ongoing participation in the DELPHI 
experiment at the CERN LEP collider and the testing and evaluation of 
high speed digitizing electronics. Additional information is available on 
our web page: www.public.iastate.edu/ ~ alhep. 

Candidates should have a Ph. D. in experimental particle physics and have 
a strong interest in software development and data analysis. Applications 
including a current vita, list of publications and three letters of reference 
should be sent to: 

Professor Eli I. Rosenberg 
Department of Physics & Astronomy 

Iowa State University 
Ames, Iowa 50011-3160 USA 

or via email to: rosenberg@hep.isuhep.iastate.edu 

Applications should reach us as soon as possible and will only be 
considered after December 31, 1997 if the position is still unfilled. Iowa 
State University is an affirmative action/equal opportunity employer. 
Minorities and women are encouraged to apply. 

r\r\r\r\r\ 
BEAM INSTRUMENTATION ENGINEER 

(Position #AR3106) 
The Thomas Jefferson National Accelerator Facility (Jefferson 

Lab) is seeking a senior Beam Instrumentation Engineer for a 
position in the Electronics and Instrumentation Development 
Group. The successful candidate will be responsible for the design, 
development, implementation, and project leadership of various 
electronic subsystems in the CEBAF accelerator and Free Electron 
Laser (FEL). The individual will provide job direction to junior 
engineers and technicians and communicate with accelerator 
physicists and other engineers to improve performance of the 
accelerator and FEL. The minimum qualifications for this position 
are a MS in Electrical Engineering or Physics with 5 to 15 years of 
applicable experience and/or an equivalent combination of edu
cation, experience, and specific training. Incumbent must have a 
strong background and a demonstrated track record of innovative 
and significant contributions in RF, microwaves, and accelerator 
physics/engineering; and have a working knowledge in at least 
two of the following areas: receiver design, electro-optical 
engineering, control systems, or signal processing. While the can
didate must be able to work independently under minimum 
supervision, the ability to work and communicate effectively in 
multidisciplinary teams of physicists, engineers, and technicians 
is of prime importance. For prompt consideration, please send 
resume with salary history to: 

Jefferson Lab 
ATTN: Employment Manager 

12000 Jefferson Avenue, 
Newport N e w s , VA 23606 

Specify position number and job title when applying. 
Proud to Be An Equal Opportunity, Affirmative Action Employer. 

Sponsored by: Force Computers, 
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* SysComms ' 9 8 
^ 25-26 March '98 

CERN, Geneva, Switzerland 
EXHIBITION AND TECHNICAL CONFERENCE £? 

Europe's Premier Real-time & Embedded Systems Event 

Organised by VITA Europe, ESONE, GrouplPC, ESOFTA Europe 
and PICMG Europe and hosted by CERN - the world famous 
particle physics laboratory - SysComms '98 offers a packed 
multi-track technical conference featuring top speakers from 
research and industry. SysComms '98 covers all aspects of 
embedded and real-time systems including data acquisition, 
process control, software and hardware architectures, bus 
systems and communications including; 

• Bus system developments: VME64 Extensions, Compact PCI 
• Sub-system buses: Raceway, Myrinet, P2CI 
• High-Speed interconnects 
• Operating systems - real-time, hard and soft 
• The impact of PC technology - PCI, PMC, Windows NT 
• Diagnostic tools, hardware and software 
• Standard APIs 
• VMEbus for Physics 

TWO DAY EXHIBITION • 

& TECHNICAL CONFERENCE • 

WITH TUTORIAL SESSIONS* 

FULL COMPANION PROGRAMME • 

GALA DINNER • 

GUIDED TOURS OF CERN • 

S R E G I S T E R N O W ! 

^ Find out more on our Web Site at: 
tZ http://www.cern.ch/ESONE/Syscomms98/ 

I E ^ j " SysComms I N T E R N A T I O N A L 

© 1 West Street, Titchfield, Hants. P014 4DH. UK 
5 Tel: +44 (0) 1329 846166, Fax: +44 (0) 1329 512063; 

Email: lyndseyc@gghnet.demon.co.uk 
2 All trademarks are acknowledged; Photos by kind permission of CERN 
o 

Q£ SysComms '98 would like to thank the Director 
© General, management and staff of CERN for their kind 

hospitality and invaluable assistance in the planning, 
S 5 hosting and organisation of this event. 
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P e o p l e a n d t h i n g s 

The expertise of CERN vacuum specialist 
Alastair Mathewson (1940-97) was widely 
sought. He is seen here (centre) in the HERA 
ring at DESY, Hamburg, with DESY 
Accelerator Division Leader Dieter Trienes 
(back to camera) and DESY vacuum specialist 
Kirsten Zapfe-Duren. 

Two organizers of the CERN Computing 
School in Prague, 1997 - Carlo Vandoni of 
CERN, left, and Frangois Etienne of the 
French CNRS - meet at the XIEE Real Time 
Conference in Beaune, France. 

He had a strong sense of humour 
and his loud laughter was an 
immediate indicator of his presence. 
His hospitality was legendary and 
many visitors remember enjoyable 
evenings at his home in Fredensborg 
north of Copenhagen. A vivid and 
enjoyable personality, he left a 
lasting impact on our field, both 
through his own contributions and 
through his influence on others. 

Alastair Mathewson 1940-97 

CERN high vacuum specialist 
Alastair Mathewson died on 12 
October after a long, cruel illness 
which he endured with admirable but 
typical patience. 

After obtaining his PhD at Aberdeen 
in 1967, as a St. Andrews post
doctoral fellow he studied the electri
cal properties of lead sulphide at low 
temperatures and high magnetic 
fields. Moving to Chalmers University 
of Technology, Gothenburg, Sweden, 
he built an ultra-high vacuum cham
ber for pressures below 1Ct10 Torr for 
the study of optical properties of 
metal films. 

With this very relevant background, 
he joined CERN's ISR vacuum group 

in 1972, where limitations due to ion-
induced pressure instabilities had 
made it clear that special surface 
studies were required. Alastair set 
up a surface studies laboratory and 
organized the glow-discharge 
cleaning of the 2 km ISR vacuum 
system. As a result of his persistent 
efforts, the ISR design intensity went 
on to be exceeded by a factor of 3. 
This work earned him widespread 
recognition. Another method he 
developed has become the widely 
applied 'CERN recipe' for chemical 
cleaning. 

He was invited frequently to present 
his work and was consulted for 
practically all major world accelerator 
projects. More recently, he 
concentrated on the LHC vacuum 
system and initiated collaborations 
with several large laboratories 
around the world. The fundamental 
understanding of the physics and the 
mechanical design concept for the 
LHC beam screen are, to a large 
extent, his personal contribution. 

His knowledge and guidance will be 
sorely missed. At his funeral, it was 
pointed out that as a high vacuum 
specialist whose expertise was 
widely admired and sought after, 
Alastair Mathewson's passing indeed 
leaves a void. 

Meetings 

The 3rd European Workshop On Low 
Temperature Electronics, WOLTE3, 
will take place in San Miniato al 
Todesco, Italy, from 24 - 26 June 
1998. The Workshop is organised by 
D.V. Camin/Milan (Chairman), F.-L. 
Navarria/Bologna, P.G. Pelfer/ 
Florence and G. Pessina/Milan, and 
is sponsored by IEEE on Electron 
Devices, INFN, Universities of 
Bologna, Florence and Milan, 
Regione Toscana. 

The deadline for submitting a 2-
page abstract is 15 December. 
E-mail wolte3@mi.infn.it otherwise 
send three paper copies to Prof. 
D. V. Camin, Dip. di Fisica, 
Via Celoria 16, 1-20133 Milano; 
fax ++ 392 2392 624. 
http://www. bo. infn. it/sminiato/ 
sminiato98.html 

Ugo Amaldi of Milan and CERN receives 
the award of Doctor Honoris Causa of 
the University Claude Bernard Lyon 1 
(see page 28). 

Seasons greetings 

The CERN Courier wishes all its 
readers a good New Year. 
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U n i v e r s i t y o f A l b e r t a 

E d m o n t o n 

RESEARCH ASSOCIATE POSITION 
Experimental High Energy Physics 

Carnegie Mellon University 
The Department of Physics at Carnegie Mellon 
University invites applications for a postdoctoral 
Research Associate position in experimental 
high energy physics. The individual who fills 
this position will work on detector development 
for the future CMS experiment at the LHC, in 
particular, the front-end anode electronics for 
the CMS endcap muon system. Participation in 
data analysis for the on-going L3 experiment at 
LEP will also be encouraged. The successful 
candidate will work both at Fermilab and at 
CERN. Applicants should submit a curriculum 
vitae and arrange to have three letters of 
recommendation sent directly and as soon as 
possible to: 

Professor Thomas Ferguson 
Department of Physics 
Carnegie Mellon University 
Pittsburgh, PA 15213, USA 
(e-mail: ferguson@cmphys.phys.cmu.edu) 

The vitae and recommendations can be sent 
either by normal or electronic mail. We will 
begin to consider applications on Nov. 15, 1997. 

Carnegie Mellon is an equal opportunity / 
affirmative action employer 

UNIVERSITY OF TORONTO 
TENURE TRACK FACULTY POSITION 

DEPARTMENT OF PHYSICS 
The Depar tmen t of Physics p lans to m a k e a t enure 
track appo in tmen t in H igh Energy Physics at the rank 
of Assistant Professor, subject to b u d g e t a r y approval , 
w i th a start ing da te of July 1,1998. 
We seek candidates wi th a Ph .D. in Physics, p roven 
or potent ial excellence in bo th research a n d teaching, 
w h o s e research interests are in Theoretical Particle 
Physics. Salary will be c o m m e n s u r a t e wi th qualifica
t ions a n d experience. 
Applicat ions, inc luding a cur r i cu lum vitae and three 
letters of reference shou ld be sent to: 

Professor P e k k a S inervo 
C h a i r 

D e p a r t m e n t of Phys ics 
Univers i ty of Toronto 
60 St. G e o r g e Street 

Toronto, O n t a r i o . . . M5S 1A7 
C a n a d a 

The deadl ine for the receipt of appl icat ions and let
ters of r ecommenda t ion is December 31,1997. 
In accordance wi th C a n a d i a n immigra t ion require
ments , priori ty will be given to Canad ian citizens a n d 
p e r m a n e n t res idents of C a n a d a . The Univers i ty of 
Toronto is c o m m i t t e d to e m p l o y m e n t equ i ty a n d 
encourages applications from all qualified individuals 
i nc lud ing w o m e n , m e m b e r s of visible minor i t i e s , 
aboriginal persons , a n d pe r sons wi th disabilities. 

Depar tmen t o f Physics 
Ass is tant Professor 
Exper imenta l Particle Physics 

The Department of Physics invites applications 
for a tenure track position in experimental collider 
physics at the Assistant Professor level to begin 
July 1, 1998. Candidates must have a PhD or 
equivalent, and postdoctoral experience. We are 
looking for an individual with demonstrated ability 
and outstanding potential for excellence in teaching 
and research. 

The Department of Physics has excellent support 
facilities to complement the research of its 36 faculty 
and 70 graduate students, including well equipped 
electronics and machine shops and experienced 
technical staff. Members of the department are 
currently collaborating on OPAL and ATLAS at 
CERN, HERMES at HERA, E787 at BROOKHAVEN, 
and E614 at TRIUMF. We expect to fill a number of 
tenure track positions in particle physics and other 
areas during the next three years. 

In accordance with Canadian Immigration 
requirements, priority will be given to Canadian 
citizens and permanent residents of Canada. If 
suitable Canadian citizens and permanent residents 
cannot be found, other individuals will be 
considered. Applicants should submit a complete 
curriculum vitae, including a research proposal and 
a teaching profile, and arrange to have at least three 
confidential letters of recommendation sent on their 
behalf to: 

J. S a m s o n , Chair 
Depar tment of Phys ics 
Univers i ty of Alberta 
412 Avadh Bhatia Phys ics Lab 
Edm o nto n , Alberta T6G 2J1 

Early responses are encouraged, closing date for 
applications is January 1,1998. 

The University of Alberta is committed to the principle 

of equity in employment. As an employer we welcome 

diversity in the workplace and encourage applications 

from all qualified women and men, including Aboriginal 

peoples, persons with disabilities, and members of visible 

minorities. 

m j - | U N I V E R S I T Y O F 

. . . i t m a k e s set 
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VISHAY 

ENGINEERING OUR FUTURE! 

VISHAY VISHAY VISHAY VISHAY VISHAY VISHAY VISHAY VISHAY VISHAY 

[pRALORIC^ ( J ( R o e d e r s t e i n / f ^ W ^ P̂fflGUEj' f^Bbf^] (jfa^ fUBBj 

V I S H A Y E L E C T R O N I C C O M P O N E N T S E U R O P E 
GEHEIMRAT-ROSENTHAL-STRASSE 100 • D-95100 SELB • TEL.: (49) 9287-71 0 • FAX: (49) 9287-70 435 


