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In this **>*ion vert thre* topics, the direct

maaiureaenc of the neutrino me**, double beta

Jucay and various search*t for o*c<1Utioii*.

There i* intereat in theae topic* from a broad

range of individual* that have not worked cloetly

in the field. Accordingly, this introduction will

be aimed primerily at the non-expert and we will

forego the luxury of a complete review.

The direct neaaurement of the neutrino a**t

has used the reaction 3H -»• ̂He + e~ + « almost

exclusively. The low Q value (18.4 Kev) enhances

the sensitivity of the spectrum ahape to neutrino

uaa* effrcta. The spactrum i* only modified fsr

about 2 x mv from the end point end this

translatee into an effect on about'2 10"' of the

deceys for a neutrino mass of 20 eV. Intense

source* and la.-ge aperture tptctrossetcrs ere

necessary therefore. Although this kind of

messurement has been made for aome time, a great

deal of intercet has been stimulated by the

results of the TOP group (Lyubimov, et al.) who

havs performed two experiments which have given

indications of a finite neutrino mass.

The first meesurementsd) used valine as a

source {C5H9T2HO2) with a apectrometer of 45 eV

resolution. The end point of the spectrum var. .*

as Eupv and this tranalatea Into an electron

spectrum ahape

(E — En) ((E — En) — s; rJ.)

where E Q - - <&> and m^t£ - m ,̂ - 2 o Z . The

Tritium ia bound and the helium is left in a

spectrum of finel atatea so that the energy

available to the ev pair depends on these effects

in a complex way. m^f would be exactly equal

to xv if the nucleua verc infinitely maaaive and

nucleer recoil would be irrelevant. However, the

recoil of the helium haa the effect of reducing

the neutrino masa effect that may be observed.

The firat ITEF experiment attempted to estimate

theae effect* arriving et a finite value for the

neutrino, maaa. They also uaed e "model-indepen-

dent" analyaia in which they set <a> *t the

bindini *ncriy and o£ the tritium and u • 0, clien

their derived vr,lu? of mv waa 0. Many questions

war* aritau, with the main affect that a nuwtiur nt'

other experiment* were planned.

Tht first of these to come to fruition wa« u

second measurement by the ITEF group icported by

Lyubimov at the Leipzig meeting. THe epectr«mi!ivr

waa rebuilt achieving a resolution of 20 eV .ma

the new measurements were made with three Jiticr-

ent aource ttickneases. Extensive calculations

were made of the target effects, and the data is

shown in Fig. 1. The result is that

20 < mu < 45 eV with the allowed band tcfl*ctia>n

the spread of the corrections for different

assumptions. The "model independent" approach

(ives «v > 9 *V which the authors believe to be

an absolute lower limit of course. Apart fron the

caution which greets auch a complex and important

meaaurement it i* atill true that the value of ED
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froa t h i s aceeurcaeac and the d i r e c t aeasure-

m*af(2> variaa rathar aora than i« to ba

expected froa tha quoted error* . Thie M i i u r t M n

certa in ly cannot ba ignored, but a l i r a conclusion

that eha alactron hai a • • • • of a feu tana of aV

w i l l probably hive to wait confirmation by ona or

aora of tha experiments daieribad balow.

DOUBLE BETA DECAY

t f i
'3.

When the (round state of the nuclcue (A, Z • 1) it

aore aaaaive Chan (A,Z) than beta dacay cannot

ootur. llowavar, if tha nuelaua (A, Z * Z) it

lighter than <A,2) then not only ii double beta

decay allowed but it will not be Bilked by the

noraal veak proceaa. He ihow in Fig. l the exaa-

ple of 130Te in which tha conainetion occur*. In

the Telluriua cas«, thia coabination occura ilio

in 12aTe bnt with auch leaa enersy difference

between " 8T« and 128Xe. Double beta decay ia a

conventional p: eaa within the fraaework of the

second order weak theory. The theory ia euffi-

ciently wall established that it i* expected that

tha nuclear aatrix alaaent ahould be calculable

aad certainly tha four b&dy phaaa space ehoulJ l-.i

also. Tha aatrix alaaant haa bean calculated omul

tacantly by Kaxton'2) «t al. with a prediction

that the lifetiac ahould ba 102D year*.

Deubl* bata dacay hat bean taarehtd for in

Telluriua or«a that have b««n dated a* being aore

than 10* yaara old with tht result shown in Fit.

2.

Ihcae raaulta are froa Xiratan et al.'J>

and coae froa a aa» apectroaet'er tetn of >

extracted froa the ore. Orea auat be ael'Cted

that will not have auch nat ral Xe occluded and

ainca X i* not accesaible by double beta decay

it offara a aeaeure of ch* natural X* in tha

aaaplc. It is obvioua that there it a atrong
130Xe ai(nal, and thia repretenta clear evidence

for double beta decay.

The lifetime aeaaured froa thil experiaent

for 110X* ia 2.5S i 0.30 « 1021 year* in clear

conflict with the calculation. A way out of thi*

problem ia to look at the ratio of the lifetime!

of 12*Xe and 13SXe in the expectation that the

aatrix elaaenta will b* the aaae and the ratio i«

jiven by the phaae apace factor. The amount of
12*Xa la the aaapla froa natural Xa ia aatiwuUtJ

froa i32X« with known ataoapheric abundance*.

There i* then no evidence for any Tte froa

double bet* decay in accord with the expectation

froa the 4 body phase apace factora.

Neutrinoleta double beta decay

(A,2) • {A, 2 * 2 ) + 2e",

will violate lepton number through a aechaniaa

involvicj finite aaaa neutrinos or right handeJ

currents. Became the phaae apace factor is for

two feraion:•••, the ratio is much less pronounced

than for four feraiona and if the 13BZe were

neutrinoless then the 1Z*Xe aignal should be auch

stronger than it is. Klrsten at si. hava uitd

thia limit on Xe fria double beta decay to set

liaits on the neutrino aaaa (av < S «V) or the

aaount of right handed current* (f| < 2 * 10~s3.

Although thia ratio argument for the aatrix

claaaata aay be right, the large discrepancy in

the absolute value is a worry.



Our ntxc two papers arc searches for neu-

trinolese double beta decay directly by observing

th« total energy of tha electron*. Unfortunately,

background prociuu limit thea to neutrinolcs*

decay and the discrepancy in the nuclear aatrix

eleacnt calculation for the Tellurium maasurcmenta

make* a similar estimate for neutrinolaag beta

decay correspondingly uncertain.

OSCILLATIONS

Tha three neutrino flavora ve, vp, vT

appear to have a aeparate lepton number to good

approximation. If there ia a violation of Chi*

nuaber with mixing between flavors and if the

aasses of the neutrinos are not degenerate, then

neutrino oscillation* can occur. The probability

chat neutrinoi. of type 2 at a distance t is

P1->2 - *in
22e »in2(l.27 sin2 4 a 2 •£ )

where tin"26 is the aixing parameter,

A n 2 ' «i2 - «22 in aV2, I ia the distance froa

the source in aeters and Ev the neutrino energy

in MeV. This aiapla treatment aay ba raadily

extended to the case of three or aore faailies.

In ordar to taat the oscillation hypothesis, a

nearly pure beaa of one type is used either with

low energy neutrinos (" v() or high energy neu-

trinos above the pion production threahold (»

v u). Low energy neutrinos -re used froa reac-

tors, including the ~un, and high energy neutrinos

are used froa accelerators or cosmic rays. Within

these limitation* there are two claaaea of experi-

ments, disappearance experiment* are alao where

the beaa attanuation with dlatanca aay ba ochar

than that explained by aolid angla effect*, and

appearance experiments where neutrinos of differ-

ent flavor arc detected in *~o**lom quantities at

a distance froa the source. At present there is

one experiment which has seen evidence for oscil-

lations at the Bugey reactor.W) The detector

was placed alternately at 13.6 and 18.3 from the

2775 MW reactor core, and detected the reaction

v *.p • n + e*

The target was liquid scintillator erne1 vaa

' used to aaaaure the positron energy to • 201

nfflM. Tha neutron wss detected slso in delayed

coincidence after theraalication in a Tie •ropor-

' tional counter. The detector is enclosed in a
1 vaco structure to eliminate cosaic raya and the

•xperimenc i* largely background free. The prin-

cipal experimental data is ths positron energy

ipectruu onich apart from saall recoil effect* i*

i 1.1 HeV lower than tha incident neutrino spec-

trum. This is a vary high statiatica experiment

aa reactor experiment* to, b*c*u*e at Che

closeness of the detector and the high reactor

power.

The reactor properties and the detector re-

sponse are simulated in great detail, with a pre-

diction of the shape and magnitude of the positron

spectra*. The experimental accuracy i« greatest

in the measurement of the ratio of the spectra JIIJ

this corrected ratio ia significantly different

; froa unity lith the far position having a lower

yield. The argument af «ini(l.J7 A m2l/Ev) is

' approximately 0.9 for A a 2 " 0,2 eV2 which is

Marly an optimum value, but at this wavelength

there is not much distortion of the positron

tpectrua shape. So the experiment basically »>t>

on the relative total yield of the two spectra,

far and near.

Many checks have been made, and tbe experi-

'• aent cannot be lightly disaitscd. We await con-

' firmstion however before accepting the fact that

neutrino oscillations do occur.
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DISCLAIMER

This report w u prepared as an acccmit of work sponsored by an a|etcy of tbe UaiMd Stale*
Goverament. Neither tbe United Statei Government nor any afMcy thereof, nor toy of their
employees, make* any warranty, «xpreat or implied, or aawne* aay lejal liability or fetponti-
bilfty for the accuracy, completeness, or usefulness of aay iafornatioB, apparatus, product, or
proceai disclosed, or reprewati that its me would not infringe privately award ritirti. Refer-
ence bereia to any specific commercial product, proceM, or "ervioe by trade same, trademark,
manufacturer, or otherwiat dot* not ooceewuily contitHle or imply hi uidonemeat, recom-
meexbtion, or fivoriai by the United States Govtrament or any ateacy tbenof. Tbe views
and opinioos of authors expratfsd bereia do not aeceMarily sute or reflect those of the
United States Government or any aaency thereof.


