
would have to be abandoned. The 
neutrino wou ld also have to behave 
n a special way - rather than being 
3 convent ional 'Dirac' particle w i t h 
^n antiparticle counterpart carrying 
Dpposite quantum numbers, it 
/vould have to be a 'IVIajorana' par-
:icle, w i th no dist inct antipart icle 
md w i t h only its spin direct ion dif-
:erentiating between electron and 
Dositron processes. 

However important new physics 
las come by looking hard for rare 
processes which violate estab-
ished weak interaction symmetr ies 
- parity in beta decay, CP violat ion 
: or neutral kaons - whi le the neutr i
no, whose very existence was a 
surprise in itself, has never s topped 
surprising physic ists. So the hunt 
goes on . 

Germanium-76 is a potential 
double beta decay candidate, and 
Deing an electron detector itself, is 
deally suited to these studies. The 
so tope occurs naturally at the level 
Df 7.8 per cent, and germanium de-
:ectors, using natural and enriched 
samples, have establ ished that 

neutrinoless double beta decay for 
this iso tope, if it happens at all, has 
a half-life longer than 1 0 2 4 years. 

A He ide lberg /Moscow col labora
t ion n o w has the wor ld ' s largest 
sample of high purity (86 per cent) 
germanium-76. The 17 ki lograms 
of metal supplied by M o s c o w ' s 
Kurchatov Institute correspond to 
14.5 kg of the rare isotope. Further 
refining and preparation of the final 
crystals and detectors was carried 
out in the USA and Wes te rn Eu
rope. 

An initial 1 ki logram sample, 
moni tored in the Gran Sasso Labo
ratory over 251 days, shows no 
characterist ic two-e lec t ron spike. 
However several other beta decay 
processes show up clearly, demon
strat ing the clean condi t ions in the 
underground Laboratory,, shielded 
f rom cosmic ray background by 
1.4 ki lometres of rock. The back
ground rate is particularly low in 
the region where the neutrinoless 
double beta decay wou ld occur. 

A larger (2.9 kilogram) sample 
was placed in posi t ion in Septem
ber, and all the enriched germanium 
should be in use by the end of next 
year. 

The He ide lberg /Moscow experi
ment complements the Gallex and 
SAGE neutrino experiments n o w 
underway, the former in a neigh
bouring Gran Sasso cavern, the lat
ter in the USSR. 

The cont inued absence of neutr i
noless beta decay can be used to 
deduce limits on the mass of the 
(electron-type) neutrino. These put 
the neutrino lighter than 2 electron-

A 1 kilogram detector of high purity (86 per 
cent) germanium-76 used in the Italian Gran 
Sasso Laboratory by a Heidelberg/Moscow 
collaboration has provided limits on neutri
noless double beta decay. With more than 
10 kilograms eventually available in the en
riched form - the world's largest sample of 
germanium-76 - the experiment will bring 
new precision to bear on this hunt. 

vo l ts , a tenfo ld improvement on 
mass l imits f r om direct measure
ments (less than 9.3 electronvolts). 

The electron-neutr ino mass may 
wel l turn out to be zero, but some 
physic ists point out that the l imits 
deduced f r o m neutrinoless double 
beta decay searches are assump
t ion-dependent . If neutrinoless dou
ble beta decay were to be seen, 
this wou ld certainly imply a non
zero neutrino mass, and the part i
cle wou ld have to be Majorana-
type . 

CENTRAL EUROPE 
Austron 

For many of the countr ies of Cen
tral and Eastern Europe access to 
international research centres such 
as CERN, the European Space 
Agency (ESA), the Institut Laue-
Langevin (ILL) or to national centres 
such as the Rutherford App le ton 
Laboratory in the UK or DESY in 
Germany, is hindered by the ab
sence of intermediate research in
st i tu t ions. 

Since m i d - 1 9 9 0 this quest ion 
has been studied by an ' A u s t r o n ' 
Study Group set up under the aus
pices of the Austr ian Academy of 
Sciences and which cooperates 
w i th the so-called 'Pentagonal ' ini
t iat ive of Aust r ia , Czechoslovakia, 
Hungary, Italy and Yugoslavia to 
p romote cooperat ion in the area, 
w i t h wh ich Poland is n o w as
soc iated. 

This autumn CERN hosted a 
meet ing of the Study Group wh ich 
is n o w specifically investigating the 
possibi l i ty of establishing an inter
national research centre in Central 
Europe, probably in Eastern Aus 
tr ia, close to the borders of Cze
choslovakia, Hungary, Italy, Poland, 
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Focusing a proton test.beam at CERN by the 
magnetic field of a current-carrying plasma -
the beam spot seen on a luminescent screen 
with (right) and without the lens switched 
on. 

and Yugoslavia. This concept of a 
'egional centre of excellence has al
ready aroused considerable interest 
among the research community of 
this historically linked area of Eu
rope. 

Wi th the idea of a tau-charm fac
tory for Spain currently gaining 
momentum (July/August, page 
13), and wi th a phi factory being 
Duilt in Frascati, Italy (September 
1990, page 43), another regional 
accelerator for pure particle physics 
s seen as having reduced appeal. 
Austron thinking therefore currently 
concentrates on a powerful spalla
tion neutron source based on either 
a state-of-the-art 1.6 GeV rapid cy
cling synchrotron or a more ambi
tious high energy option of a 5 
3eV synchrotron, wi th a 120 MeV 
inac in a first stage to be upgraded 
subsequently to 400 MeV to pro
vide more power on the target. 
Such a spallation source would cat-
3r for a wide scientific community 
- materials scientists, life scientists 
and medical researchers as well as 
nuclear and medium energy physi
cists. The beams would also be 
^/ery useful for detector research 
and development, an area where 
Austria has strong traditions. 

As well as supporting this Aus
tron science, an associated com
puter centre, wi th appropriate links 
to neighbouring countries and inte
grated into the European and inter
national networks, would provide 
additional research scope. 

BEAM DYNAMICS 
Plasma lenses 
Several Laboratories are investigat
ing the possibilities of 'plasma 
lenses' for focusing particle beams, 
and progress was highlighted in a 
recent meeting at CERN. 

High energy particle beams are 
focused by magnetic fields, usually 
f rom quadrupoles, magnetic 
'horns' , or 'wire lenses' wi th a cy
lindrical conductor. Another possi
bility is to exploit the magnetic field 
of a column of current-carrying 
plasma, wi th its potential advan
tages of power and of transparen
cy to the beam. 

A t CERN, such a lens, developed 
for the antiproton source (May 
1989, page 7) has given promising 
antiproton yields despite not hav
ing been optimized. Reliability is 
also good - the lens survived 
20 ,000 pulses at 56 kJ per shot. 

A t the GSI Darmstadt heavy ion 
Laboratory, ion beam focusing 
tests in the context of the fusion 
confinement programme (using 
high energy ion beams to drive a 
fusion reactor) have shown how 
beam intensity can be increased by 
a factor of a thousand, beyond the 
reach of ordinary quadrupole 
lenses. However still stronger 
lenses are required, and the GSI 
team is being augmented by spe
cialists f rom Erlangen who have 
also participated in the CERN work. 

A t Erlangen, stable discharges 
have given field gradients of up to 
250 tes la /m, while work at Naples 
concentrates on measuring the 
magnetic fields inside the plasma 
columns at high current. 

For the future, CERN's antiproton 
requirements are not demanding, 
and the antiproton lens is sched
uled for final tests next year. How
ever these lenses could also be 
used to condition other beams, 
particularly neutrinos (November, 
page 7), and this option is being 
watched closely. 

A t GSI, the goal is to develop 
more powerful devices for use in 
the SIS heavy ion synchrotron, at
taining beam spots a few hundred 
microns (a hairsbreadth) across. 

For the planned US Supercon
ducting Supercollider (SSC) in Ellis 
County, Texas, plasma lenses are 
one option for the pressing prob
lem of dumping the 20 TeV proton 
beams. 

Elsewhere, plasma lenses could 
also be useful in concentrating po
sitrons for high intensity electron-
positron linear colliders. 
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