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(AS = — AQ) contains only the j y contribution and the
A

phase 61. The interpretation of the experimental data
depends strongly on the nn-scattering phase shifts and
on the J^ contribution. For an analysis of the Ke4 am-
plitudes seeC6].

*M. Esten et al., Phys. Soc. Conf., London, 1967.
(Berkeley, cited in[6]).

2B. Birge et al. (Berkeley, bubble chamber. Cited
inC6]. See also Phys. Rev. B139, 1600 (1965); 69 Ke4
decays were observed in part of the accumulated statis-

tics; a total of 3 x 106 K+ decays were observed.
3V. Bisi et al., Phys. Lett. B25, 572, 1967 (CERN,

bubble chamber; altogether, 61400 decays of K* into
three particles were observed.

4D. Cline et al., Phys. Lett. 15, 293 (1965) (l K^4
event).

5D. Greiner et al., Phys. Rev. Lett. 13, 284 (1964)
(1 Kj^ event).

6F. Behrends et al., Preprint, 1967. See also Heidel-
berg, Conf. on Elem. Part. Physics, September, 1967,
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Idea of experiment

ve =?= ve; searches
for neutrinoless
double Beta decay

- .

investigation
of sign of chargedmuons produced in
collision with nuc-lei of high energy

+ | _^ + , "

Experimental
procedure

Results (confidencelevel of limits about
70% unless otherwise

stipulated

1. Lepton conservation
Magnetic spark cham-
bers

Semiconductor Ge
counter as sourceand detector

Mass spectrometricanalysis of Xe and
Kr in the minerals
Te and Se of known
age. TAdetermined
from the relation

1 1
TA Tfevv

1

Spark chambers 8

r^J 3̂-lQ1^ yrs 4

7fe
a48> 1.6-1021 yrs *

rGe76>3-1020 yrs &

7"Tel28> 3-1022 yrse

2JTC130 __
^(S + O -̂IO20 yrs 6

rTei30_
= {3 ±0.4)-1020 yrs 7

yTei3o =

= 6.1020±0,3 yrs 3

8̂682 =

= 6.1019±0-3 yrs 3

aM+<0,02ff(i_

(~ 1000 neutrino
events)

Remarks

Theoretical half-lives
(years) for double 0-
decay processes1"3

rCa48 _1O21±2,5eevv w

J^a48=5-1015±2

mGe:8 __ 1(123±2,5eevv

rTel28 _1n27±2,5
•* eevv ~ J

r J e
e l 2 8 = 2 - 1 0 1 9 ± 2

r T e i 3 0 1 n 2 2 ± 2 . 5
eevv —

7 , T e i 3 0 = 2 . 1 0 1 6 ± 2

r S e 8 ! _ , n 2 2 ± 2 . 5
eevv

7 . S | « = 1 . 1 0 1 6 ± 2

"Neutrinoless" hatf-lives
calculated in the case
of maximum violation
of the lepton conserv-
ation law for unpolar-
ized neutrinos

Accuracy limited by the
fact that the vM beam
contains a v., admixture

M
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Idea of experiment
Experimental
procedure

Results (confidence
level of limits about
70% unless otherwise

stipulated Remarks

vn -r- ve; investi-gation of the type
of charged leptons
produced in col-
lisions of high-ener-
gy Vu. with neutrons:

ii =P vê  searches
for the process

Searches for nucleon
decays into high-
energy particles via
channels allowed by
known conservation
laws (other than the
byron and lepton
conservation laws)

Ue mass; study of
tritium 0 spectrum

•̂  mass; measurement
of rmion+momentum
inTT -*•// decay
(stopped pions)

Spark chambers 8

Bubble chamber 9

Spark chamber10

e = (0,011 ±0 .010) o^

~- 5000 neutrino
events),

a e < 0 . 0 l a u

(450 events

< 2 - 1 0 -

(confidence level

2. Baryon conservation

Registration of parti-
cles in a system of
liquid scintillation
detectors located
3200m underground
(162m2 sr)11

Half-life of nucleon
T > 2 X 1 O 2 8 years for
"unfavorable" decay
p -»• K+ + V and T >
8 > 1 0 2 9 years for the
most "favorable" de-
cay p -»•;/ + 7

Electrostatic integ-
ral spectrometer1

3. Neutrino mass

m V e < 2 5 0 eV

Magnetic spectro-
meter w

.2 MeV

Accuracy limited by the
fact that the vM beam
contains a i>e admix-
ture

"Theoretical value"

R "•* — e2 where
2TT

e is the relative ampli-
tude of the inter-
action that does not
conserve the n charge

This result pertains to
conservation of bar-
yon charge only, since
the virtual transitions
n ->n, forbidden only
by the baryon conserv-
ation law, may cause
decays of nuclei with
pion emission12

More accurate determin-
ation of the pion mass
will greatly decrease the
upper limit of the vu
mass; cosmologkal but

likely hypothesis
leads to a Vu mass limit
m,, < 1 0 0 0 e V .

* S . P . R o s e n a n d H . P r i m a k o f f , A l p h a - , B e t a - ,

G a m m a - r a y s p e c t r o s c o p y , v o l . 2 , A m s t e r d a m : N o r t h -

H o l l a n d P u b l . C o . , 1 9 6 5 , p . 1 4 9 9 .
2 V . L a z a r e n k o , U s p . f i z . n a u k 9 0 , 6 0 1 ( 1 9 6 6 ) [ S o v .

P h y s . - U s p . 9 , 8 6 0 ( 1 9 6 7 ) ] .
3 T . K i r s t e n , W . G e n t n e r a n d O . A . S c h a e f f e r , Z e s .

P h y s . 2 0 2 , 2 7 3 ( 1 9 6 7 ) .
4 R . B a l d i n , P . G o l l o n , I . U l l m a n a n d C . W u , P h y s .

L e t t . B 2 6 , 1 1 2 ( 1 9 6 7 ) .
5 E . F i o r i n i , A . P u l l i a , G . B e r t o l i n i , F . C a p p e l l a n i a n d

G . R e s t e l l i , P r e p r i n t , 1 9 6 7 .
6 N . T a k a o k a a n d K . O g a t a , Z s . N a t u r f o r s c h . 2 1 , 8 4

( 1 9 6 6 ) .
7 E . G e r l i n g , Y u . S h u k o l y u k o v a n d G . A s h k i n a d z e , Y a d .

F i z . 6 , 3 1 1 ( 1 9 6 7 ) [ S o v . J . N u c . P h y s . 6 , 2 2 6 ( 1 9 6 8 ) ] .

8 J . B i e n l e i n e t a l . , P h y s . L e t t . 1 3 , 8 0 ( 1 9 6 4 ) .
9 G . B e r n a r d i n i , R e p o r t a t t h e I n t . C o n f . o n H i g h

E n e r g y P h y s . , D u b n a , 1 9 6 4 , v o l . 2 , p . 4 8 .
1 0 S . P a r k e r , A . A n d e r s o n a n d C . R e y , P h y s . R e v .

B 1 3 3 , 7 6 8 ( 1 9 6 4 ) .
U H . G u r r , W . K r o p p , F . R e i n e s a n d B . M e y e r , P h y s .

R e v . 1 5 8 , 1 3 2 1 ( 1 9 6 7 ) .
1 2 L . O k u n ' , S e m i n a r p o C P - n e i n v a r i a n t n o s t i ( S e m i n a r

o n C P V i o l a t i o n ) , M o s c o w , 1 9 6 7 .
13D. H a m i l t o n , P . A l f o r d a n d L . G r o s s , P h y s . R e v . 9 2 ,

1 5 2 1 , 1 9 5 3 .
i 4 P . B o o t h , R . J o h n s o n , E . W i l l i a m s a n d J . W o r m a l d ,

P h y s . L e t t . B 2 6 , 3 9 ( 1 9 6 7 ) .
1 5 S . G e r s h t e i n a n d Y a . Z e l ' d o v i c h , Z h E T F P i s . R e d . 4 ,

1 7 4 ( 1 9 6 6 ) [ J E T P L e t t . 4 , 1 2 0 ( 1 9 6 6 ) ] .


