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In this session wera thres topics, the direct
measuresent of the neutrino mass, doubls beta
ducay and verious searches for oscillations.
There is interest in these topics from a broad
range of individusala that have not worked clossly
in the field. Accordingly, this introduction will
be simed priwarily at the non-expert and we wiil
forego the luxury of a complets review.

s The direct measurement of the neutrino mass
has used the reaction H + JHe + e~ + v almost
exclusively. The low Q value (18.4 Kev) enhances
the sensitivity of the spectrum shape to neutrino
wass effrcta. The spactrum is only msodified fcr
#bout 2 x my Erom the end point end this
translates into an effect on about'2 10~% of the
decays for a neutrino mass of 20 eV. {Intense
sources and la’ge aperturs spccLrometers are
necessary therefore. Although this kind of
maasuresent has been made for some time, & great
desl of interest has been stimulated by the
results of the ITEP group (Lyubimov, et al.) who
hsve performed two experiments which have given
indications of a finite neutrinoc mass.

The first meesurements(l) used valine as a
source {CgHgTyNO2) with a spectrometer of 45 eV
resolution. The end point of the spectrum ver..s
as Eypy end this transietes into an electron
spectrum shape
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Tritium is bound end the helium is left in s
apectrum of finel states so that the energy
available to the ev pair depends on these effects
in & complex way. mggr would be exactly equal
to my if the nuclaus were infinitely massive and
nuclear recoil would be irrelevant. However, the
recoil of the helium has the effect of reducing
the neutrino mass effect that may be observed.
The first ITEP experiment attempted to estimete
these effects arriving et s finite value for the
neutring mass. They also used e "model-indepen-

dent” analysis in which they set <2 at the

binding energy and of the tritium and w = 0, tlen
thair derived wnlus of my was O. Many guestions
were asked, wich the main affect that & numbur ot
other experiments were pianned.

The Eirst of thess to come to fruition waw u
second sessuresent by the ITEP group reported by
Lyubimov st the Leiprig meeting. The spectromier
was rebuilt achieving 8 resolution of 20 eV .l
the new measurements were made with three ditter-
ent source thicknesses. Extensive calculations
vere made of the target effects, and the data is
shown in Fig. 1. The result is that
20 < my < 45 eV with the allowsd band :oflectiug
the spread of the corrections for different
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essumptions. The “model independent" spprosch
gives my > 9 eV which The authors believe ts be
an sbsolure lower limit of course. Apart from the
ceution which greets such a complex aod important

meeeurement it ie atill true that the velue of £°
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from this messuremsnt snd the direct messure-
naate{2) varies rather more than is ta be
expected Erom the quoted errors. This messuremen’
cartainly cannot be ignored, but « Elrm conclusion
that the wlectron has « mase of & few tens of &V
will probably have to wait confirmation by one or
more of the experiments described below.

DOUBLE BETA DECAY
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When the ground state of the nucleus (A, 2+ 1) is
more msssive than (A,Z) then bets dscay cannot
nceur.  llowever, LFf the nucisus (&, Z ¢ 2) i
lighter thesn {4,2) then not only is double bets
decay allowed but it will not be masked by the
normal wesk process. We show in Fig. | the exam-
ple of 1397¢ in vhich the compination occurs. In
the Tellurium case, this combination occurs also
in lzn'l‘e but wich much less energy difference
128y, and 2%, Double bers decay is s
conventional p: ess within the framework of the

between

n.cqﬂ_ order weak theory. The theory is suffi-
ciently well established thst it is expacted that
the nuclsar matrix elsment should be calcuiable
and certainly the Four budy phass spacs should e
tlso. Ths matrix slssent hus Deen calculated wost
tecantly by Haxton(2) st al. with & prediction
that the lifetime should be 1027 years.

Double beta decay has been sesarched for in
Tellurium orse that have been dated as being more
than 10° yoara old with the result shown in Fig.
2.

These results are frow Kirsten er al.(3)
and come from a mass spectrometer scan of ie
extracted from the ore. Ores must be sel.cted
that will not have much nat ral Xe occluded and
since X122 is not accessible by double beta decay
it offere & meseurs of the natural Xe in the
sample. It is obvious that there is & strong
1300, eignal, and this represente clesr evidence
for double betas decay.

The lifetime measured from this experiment
for *3%% is 2.55 = 0.30 x f02? yesars in clear
conflict with the calculation. A way out of this
prodblem is to look st the ratio of the lifetimes
Y R 1304, in the expectation thet the
matrix elements will be the same and the ratio is
given by the phsse space factor. The ssount of
1202, {n the ssmpls from natural Xe is estiwatoed
from 3¥2xe with known atmospheric abundances.
There is then no evidence for any 128y, from
double beta decay in sccord with the expectation
from cthe & body phase space facrors.

Neutrinoless double beta decay

(A,2) » (A, 2.+ 2) + 2¢e7,
will violate lepton number through a mechanism
involving finite mass neutrinos or right handed
currents. Seceuse the phase space fscror is for
two fermion:, the retio ia much less pronounced
than for four fermions and if the %7 were
neutrinoless then the %% signal should be much
stronger then it is. Kireten et al. heve uwed
thie limit on *2%e fr-m doudle beta decay to set
limite on the neutrino mass {my < 5 2V} or the
amount of right hunded currents {n < 2 x 10~5),
Although this ratio argument for the matrix
elaments may be tight, the large discrepancy in
the sbsolute value is a worry.



Our next two papsrs are sesrches for neu~
trinolass double bata dacmy directly by observing
the total anargy of the slactrons. Unfortunacaely,
background processes limit them to nautrinoless
decay s&nd the discrapancy in the nuclaar mecrix
alement calculation for the Tellurium measuramsnts
mekes @ pimilar estimate for nautrinoless bete

decay correspondingly uncercain.

OSCILLATIONS

The three neutrino flavors v, Vg, Vg
appear to have a separate lepton number to good
approximation. If there is a violation of this
number with mixing between flavors and if the
masses of the neutrinos are not degenerate, then
nestrino oscillations can occur., The probebility
that neutyino: of typs 2 at a disrance & is
Pl "™ 824220 #in?(1.27 sin? & a2 %u)
where 5in>20 is the mixing parsméter,
anise -lz - .22 in &2, 1 is the distance from
the source in meters and Zy the neutrino energy
in MaV. Thia eimpls treatmsnt mey ba reedily
extended to the case of three or wore families.

In order to test the oscillation hypothesis, n
nesrly pute besm of one Type is used either with
low energy neutrinos {~ v;) or high energy neu-
trinos ebove the pion production threehold (=

vy). Low energy neutrinca =re used from reec-
tore, including the “un, and high energy neutrinos
are used from accelerators or cosmic rays. Within
theae limitations there are two classes of experi-
mente, disappearance experiments are aleo where
the bci- attanuation with dletenca mey Ls othar
then thst explained by aeclid engle affects, end
agpearance experimenta vhere neutrinos of differ~
ent flavor are detected in amomalous quantities at
a distance from the source. At present there is
one experiment which has eeen evidence for oscil-~
latione at the Bugey reactor.{4) The detector
vas placed alternately at 13.6 and 18.3 from the

2775 MM reactor core, and detected the reaction

- *
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The target vas liquid scintillator aed was

* . used to measure the positron anergy to =~ 20%

FUHN. The neutron weea detacted also in delayed
coincidenca aftar thermalization in o e propor=~
tional counter. The datector is enclosed in a
'vato structura to sliminate cosmic rays and che
luptrinnt ia largely background frea. The prin~
:'cipul exparimencal data is the positron enargy
spectrwma which apart from small vecuil effects is
1.8 Me¥ lower than the incident neutrinc spec~
trum. Thie is & very high statistics experiment
es zeector sxperimanta go, because olf the

‘ closeness of the detector and the high reacro:
power .

The reactor properzies and the detector re-
sponse are simulared in great detail, with a pre-~
diction of the shape and magnitude of the positron
spectrum. The experimental accuracy is greatest
in the measurement of the ratio of the epectra and
this corracted ratio is significently different

from unity with the fer position having a lower
yield., The argument of ein?(1.27 b-zl!!,v) is
sppreximately 0.9 for & a?=p,2 e¥2 which is
" nesrly sn optisum valus, but at this wavelenuth
" there is not much distortion of the positron

spectrum shaps. 50 the experiment basically resis
on the relative total yieid of the two spectra,
" far and near,
Many checks heve been msde, and the experi-
| mant ceanot be lightly dismissed. e awsit con-
Eirmation however before accepting the fact that

 neutrino oscillations do occur.
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DISCLAIMER

This report was preparod as an acccunt of work sponsored by an sgeacy of the United States
Government. Neither the United States Government nor any ageacy thersol, nor any of their
employees, makes any warranatly, express or implied, or assumes any legal lability or responsi-
bility for the accuracy, compleieness, or usefulneas of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owaed rights, Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise dots not nocessarily comstitute or imply its wadorsement, recom-
meadation, or favoring by the United States Government or aay ageacy thereol. The views
and opinions of wuthors expresssd herein do Bot mecessarily state or reflect those of the
United States Goverament or any ageacy theroof.



