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58 (16+) ions were extracted. The 
beam energy was 30 MeV/nucleon 
and currents of 3 and 5 nA were 
measured before and after the 
extraction deflectors. 

The CS, presently with an SMP15 
Tandem injector, can accelerate 
lighter ions up to 100 MeV/nucleon 
and heavier nuclei to 20 MeV/nu
cleon. Research with heavy ions will 
now be extended to the intermediate 
energy domain at the LNS, one the 
four INFN national laboratories and a 
major nuclear physics facility in Italy. 

E.Migneco and D. Vinciguerra 

Placing the chromium-51 neutrino source in its 
shielding, prior to use as a benchmark in the 
Gallex solar neutrino experiment. 
(Photo D. Vignaud, CEA Saclay) 

GRAN SASSO/ 
GRENOBLE 
Artificial neutrino 
source confirms solar 
neutrino result 

I n 1992, the Gallex experiment 
announced the first observation of 

the neutrinos produced in the primary 
proton-proton fusion reaction in the 
core of the Sun, reaction at the origin 
of the energy production by our star 
(September 1992, page 1). 

The Gallex team stressed that the 
observed neutrino flux was only 
about two-thirds of the predicted 
level, confirming the deficit observed 
by the two pioneering experiments, 
Ray Davis' chlorine-based detector in 
the USA and the Kamiokande study 
in Japan (which are only sensitive to 
neutrinos from subsidiary solar fusion 
processes). 

This deficit demands explanation, 
and could considerably modify our 
understanding of how stars shine 

and/or of neutrino physics. But before 
drawing conclusions, the Gallex 
result had to be checked. 

Gallex, installed in the Italian Gran 
Sasso underground Laboratory, is a 
radiochemical experiment using 
neutrino interactions to transform 
gallium-71 into germanium-71. The 
latter is radioactive and decays with a 
half-life of 11.4 days. Counting the 
germanium-71 atoms extracted from 
the target tank measures the neutrino 
flux to which the detector is exposed. 

Neutrinos are famous for their 
reluctance to interact. 65 billion per 
square centimetre per second on the 
surface of the Earth produce only 
one germanium-71 atom in the 
Gallex target containing 30 tons of 
gallium. This is at the limit of home
opathy (extracting few atoms of 
germanium-71 from a solution 
containing 10 3 0 atoms) and needs 
careful checking. Since it is not 
possible to switch off the Sun, the 
only recourse was to build an artificial 
neutrino source more powerful than 
the Sun as a benchmark. This was 
done last summer. 

Last May, 36 kilograms of chro
mium grains were placed in the Siloe 
reactor of the French Commissariat a 
I'energie atomique, Grenoble. The 
chromium had been previously 
enriched to 40% chromium-50 by the 
Kurchatov Institute in Moscow 
(natural chromium contains only 
4.5% chromium-50). 

A dedicated core was built for the 
reactor, whose neutrons transform 
chromium-50 into chromium-51, 
which decays by emitting 750 keV 
neutrinos (very close of the mean 
energy of the solar neutrinos interact
ing with the gallium target). After 23 
days of irradiation, the chromium was 
removed from the reactor and placed 
in a special tungsten shielding. It was 
the most powerful artificial neutrino 
source ever made, giving 60 x 10 1 5 

12 CERN Courier, March/April 1995 





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

Polarized beam experts Ernest Courant 
(Brookhaven/Michigan, left), Massimo Placidi 
(CERN, centre), and Igor Ternov (Moscow) 
discuss how to polarize more accelerators. 

per second (60 petabecquerels). 
Immediately transported to the 

Italian Gran Sasso underground 
Laboratory, it was installed in a 
special thimble in the core of the 
detector. Over more than three 
months, the source produced a 
relative abundance of neutrino 
interactions, ten times more than the 
Sun. The ratio between the number 
of germanium atoms produced by the 
artificial neutrino source and the 
number expected from its measured 
activity is 1.04 ± 0.12, showing that 
the detector works perfectly well and 
confirming the original solar neutrino 
deficit observed by Gallex. 

Because the Gallex, chlorine and 
Kamiokande experiments use differ
ent techniques, they have different 
sensitivities to the various sources of 
solar neutrinos. While Gallex sees an 
overall deficit, the current thinking is 
that the detector sees all the pre
dicted neutrinos produced by the 
basic solar proton-proton fusion 
process, but not those from subsidi
ary fusions involving beryllium-7 and 
boron-8. The chlorine and Kamio
kande experiments are only sensitive 
to these latter processes, and it is 
here that the deficit arises. 

The leading contender explanation 
for the dearth of beryllium-7 and 
boron-8 particles is resonant neutrino 
oscillations inside the Sun (the so-
called MSW effect). If the Sun pro
duces electron-type neutrinos and 
the detectors are sensitive only to 
these, if some of them have been 
transformed en route into muon- or 
tau-types then the observed deficits 
can be accounted for. 

To confirm this interpretation means 
waiting for the next generation of 
detectors (SNO in Canada, 
Superkamiokande in Japan and 
Borexino in Gran Sasso) and the 
neutrino experiments at CERN 
(Chorus and Nomad) which will look 

hard for possible neutrino oscilla
tions. 

The Russian-American experiment 
SAGE, using a target containing 57 
tons of metallic gallium in the Baksan 
Laboratory (Caucasus), is carrying 
out a similar check. 

Spin jamboree 

A bout 340 spin enthusiasts 
gathered in Bloomington, 

Indiana, this Fall for the "trial partial 
merger" of the 11th International 
Symposium on High Energy Spin 
Physics and the 8th International 
Symposium on Polarization Phenom
ena in Nuclear Physics. Although 
there were five separate organizing 
committees, the Spin '94 Meeting 
was a great success, reflecting the 

fact that most of the world's nuclear 
and high energy laboratories are now 
actively using or seriously consider
ing spin-polarized beams and spin-
polarized targets. 

One major highlight was the recent 
blossoming of polarization at the 
world's large electron facilities: SLC 
(Stanford/SLAC), HERA (DESY) and 
LEP (CERN). Massimo Placidi 
(CERN) described the high trans
verse polarization obtained in LEP 
(January, page 6), which has allowed 
a very precise and important calibra
tion of the Z mass. 

HERA has recently made great 
progress with its polarized electron 
beam. Gus Voss and Desmond 
Barber (DESY) reported a transverse 
electron polarization of about 70%; 
HERA also successfully used spin 
rotators to produce the first longitudi
nally polarized electron beam with 
about 55% polarization (September 
1994, page 24). This exceeded the 
50% "Soergel limit" and thus led to 
the approval of the HERMES experi-
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