
PARTICLE PHYSICS events. "We hope to get the sensitivity down 
to 0.6 eV." he saw. That's no better than the 

New Experiments Step Up ~ussian-6e& group has already claimed. 
But because the two groups are worlnng with 
different isotopes (see table), Mohapatra and 
others say the Osaka experiment could pro- 
vide independent confirmation of the recent 
Heidelberg-Moscow results. 

TOKYO-Some of physicists' fondest hopes neutrino mass minute. Current results already A second European group, incl* scien- 
ride on the neutrino, a shadowy and seemingly suggest a ce* of roughly 1 eV--a tiny frac- tists from France's CNRS, several French mi- 
& particle. If the neutrino does have a tion of the mass of the electron. By monitor- wmities, and the Joint Institute for Nuclear 
trace ofkass, swarms of them could account ing larger quantities of radioactive material Rereach in D u b ,  Russia, wants to push the 
for some ofthe mass that cosmologists believe with more sensitive detectm while scseening limits even lower, The collaboration, called 
is missii from the universe as a whole. A out xwrces of backmound radiation, the new NEMO, hopes by the end of 1998 to bmg a 
massive neutrino might also point the way to generation of e&ts aims to push the new detect&& in the ~rejus ~ r t d d  
anew dxory of elementary particles and forces mass sensitivity as low as 0.1 eV. It's a level Labtory in the Alps along the French- 
that would transcend the current - . 

Standard Model. Now experiments at 
underground laboratories around the 
world are striving to weigh the neu- 
trino-without ever observing it. 

The new experiments monitor a 
radioactive material with sensitive 
detectors, watchmg for an excruciat- 
ingly rare--perhaps nonexistent- 
process known as neutrinoless double 
betadecav. These are far from the d y  

PUTTING THE NEUTRINO ON THE SCALE 

&artstomeasureneutrinomass.~ 
researchers, for example, are trying to 
catch neutrinos in the act of "oscillat- 
ing" from one of the three neutrino 
w e d  flavors-to another3 a 
transformation that would be a sure sign of "people didn't think polgsible n kw, . 
mass. But while the oscillation experimtpts years ago," says Rabindra Md.lapgaa, a 
might be sensitive to neutrino masses as low theoretical physicist at the Univer- 
as thousandths of an electron volt (eV), they sitv of Marvhd. Collene Park. 

Italian border. Francis La- 
planche, a physicist at the 
University of South Paris and 
amemberoftheteam,says - 

can only reveal the difference in masS be: Earlier 
tween two flavors. Neutrinoless double beta Max Plan& btitute forNuc1ear PI&- 

I 
duce the upper limit on neu- 
trinomassto0.1 evbyusinga 
large mass of an isotope of mo- 
lybdenum, cutting back- 
ground radiation, and im- 
~rovine detection schemes. 

decay, in which the energy of electrons flung ics in H e i d e k ,  G r -  
from a decaying radioactive nucleus is mea- manv, and the Rus- 5 

sured, will &ve &I absolute value far the mass sian 'science Centex 
of the neutrino. That makes the experiments Kurchatov Insti~te in 
"an essential Dart of the momam of modem Moscow r d  low- 
particle phys~cs," says &&physicist John ering the &qxr limits 
Bahcall of the Institute for Advanced Studv of the wssible mass of8 

& ~e&lbeq-~oscow group, 
however, 'believes it d l  reach 

in Princeton, New Jersey. 
The catch is that so far, neutrinoless double 

beta decay has never been observed. Ordinary 
double beta decay is a rare, although regularly 
&semed,pracessinwhichtwoneutronsina 
radkwtive nucleus decay into two porn 
~aingtwoelectrons,oabaarays,sadtwo 
antineuminos (antimatter c o u n v  of the 
neuaino). In the elusive neutrinoless form, 
other protons withii the nucleus would ab- 
sorbtheantineutrinosasneutrinos,donly 
the electrons would escape. By ccmping the 
measured energy of the electmns with the to- 
tal energy of the process predicted by theory, 
researchers could calculate the energy-and 
therefore the mass-of the neutrinos. 

Neutrinoless double beta decay can take 
place only if the neutrino has a nonzero mask. 
Its failure to appear in experiments so far 
means the process must be rare-and the 

the elktron neutriru~ that lekl first. Hans Klapdor- 
to 0.48 eV. Mahapam X1- ofthe Max Planck 
notes, however, thxn I Lutitute says the goal is to 
uncertainties in the achieve an upper limit of 0.1 eV 
"extremely c o d -  within 5 years "just by letting 
cated calculations" the experiment run." 
meantheresults,h If any of the expkents  ac- 
Gran Sasso National tually pin down the mass of the 
Laboratory in Italy's this railway tunnel south of Osaka neutrino, physicists would have 
Apennines, could be their first clear clue to a theory 
off by a factor of 2. beyond the Standard Model. The various 

Now Osaka University's Research Center Grand Unified Theories make different pre- 
for Nuclear Physics in Japan is setting up a dictions for neutrino mass, and the results to 
double-betadecay experiment in its new Oto date, by lowering the cellmg on neutrino mass, 

O~MWWXY in a never-used railroad are casting doubt on some theories, says Mos- 
el 100 Nmrs  sou& of Osaka. Hiro cow's Alexei Smimov. "These bounds [on 

Ej' ', a physicist an @&a, says that stady neutrino mass] codd forbid some schemes," 
blowing through the tunnel at the new he says-not a bad payoff for an experiment P 

observatory help reduce its n a d  radan con- that never sees its qmrry. 
centratiorrs, which can result in baclqmmd -Damis N o d e  
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