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1.Introduction 
It is four years now, that the interest in 
the problem of neutrino masses is continu­
ously growing. It became a tradition to 
discuss this problem at many conferences. 
This conference is not an exception. But 
can we give the answer to the main quest­
ion: Has the neutrino a mass ? No, we can 
not. Not a single experiment has confirmed 
the ITEP-result. There is no clear indi­
cation of the existence of oscillations. 
The neutrinoless double ^8-decay is (most 
likely) not found* 
What is the phenomenon when people discuss 
something "nothing" with ever increasing 
enthusiasm? - Let me briefly summarize a 
few points which give motivation to search 
for massive neutrinos. 
1. The ITEP-experiment gave a serious indi­

cation for the existence of the neutrino 
mass and there is no other experiment or 
analysis to disprove this result so far. 

2. The discoveries of the W and Z bosons 
at the CERN-SPS have triumphantly con­
firmed the electroweak theory recently. 
The generalization of the idea of unifi­
cation and its extension to strong and 
gravitational interactions (the unifica­
tion of quarks, leptons and neutrinos 
in the same family) leads to lepton (and 
baryon) number violation and, in general, 
to massive neutrinos. 

3» Massive neutrinos are a long expected 
vital remedy to cure diseases of cosmo­
logy such as the hidden-mass problem and 
could make it possible to understand 
the present structure of the universe, 
the uniformity and isotropy of the 
relic radiation in more detail. Neutri­
nos with masses at the ITEP-level ( - if 
M<5eV the neutrinos would not be con-
nected with cosmology- ) being the 
smallest objects of the microcosmos are 
at some time (along with the photons) 
the most abundant ones in the universe 

and determine its mass. 
Many people remember the beneficial influ­
ence of the hypothesis of parity violation 
on the development of physics at the end of 
the 5 0 i e s . A lot of remarkable findings in 
the field once hidden behind the wall of 
the old physical view-of-world followed. 
The gist of the present phenomenon is that 
the idea of the massive neutrino opens ftp 
a terra nova between the micro- and macro-
cosmos. Though not finally proved this idea 
stimulated many physicists to explore the 
new field. 
Here is a list of questions which arise in 
this context: 
Are neutrinos massive ? 
If so, what is the spectrum of mass 
eigenstates? 
Can neutrinos of definite kind interchange 
their identity? 
And finally: 
Is the neutrino of Dirac- or Major ana-
type? 

No one of these questions can be answered 
definitely at present. 
We shall consider the present experimental 
situation in a very traditional way and I 
will report the status of 
i) the direct measurements of the neutri­

no mass 
ii) the search for neutrino oscillations 
iii) the search for the double ft -decay 

and other lepton-number violating 
processes 

here. 

2# Direct neutrino mass measurements  
2.1. Neutrino mass from the -spectrum 
,If the mass of the neutrino M i 0 then the 
(i -spectrum S <v (EQ-E) • [(EQ~E) - M 2 ) ] 1 ^ is 
distorted especially in the end point region. 
The spectrum is shortened by the value 
which is equal to the neutrino mass. In 
principle the neutrino mass can be extrac­
ted from any deviation from the expected 
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|&-spectrum. Real life, however, is much 

more complicated. There are some limita­

tions, namely 

i) the résolution» The finite energy reso­

lution function (R) of the apparatus leads 

to a smearing of the edge of the -spec­

trum. R has to be A > M ^ . T O determine My 
one has to know the shape of the R-f unction. 

ii) the counting rate. The intensity of a 

£ -spectrum falls very rapidly as the ener­

gy approaches its maximum, i.e. in the 

mass-sensitive region. That is why the de­

tection efficiency of the apparatus should 

be as high as possible. 

iii) the background. The closer to the 

edge of the spectrum one can obtain sta­

tistically significant data on the shape 

of the ^8-spectrum the higher is the sen­
sitivity to the neutrino mass. It is not 

possible, however, to come closer to the 

edge than ta a certain distance AEg. This 

value depends on the background and is de­

termined by the condition that the number 

of counts from the spectrum has to be 

equal to that from the background. It does 

not matter how good the apparatus1 reso­

lution is, it can not be used at the edge 

of the |3 -spectrum effectively in the in­

terval where the background is lar­

ger than the width of R. 

iv) the spectrum of the final states. After 

the j6 -decay the system is in an excited 
state ("shake-off" effect, Migdal /1/) and 

the £-spectrum is a superposition of 

j8 -transitions to the levels determined by 
the final state spectrum (FSS). If one 

does not pay high attention to the struc­

ture at the edge the asymptotic represen­

tation of the j8 -spectrum has the familiar 
one level form /2/. 

£(Ee-E-A)[(E«>-E-Af-hlf* W«A^A 

with 

Ef • M t | « Hi- lO"' 

From this one can determine the experimen-

tal parameters E * and M ^ f f . However, to 
extract the physical parameters B 0 and M v 

one has to know the FSS W ( & ) . So, one can 

(2.1) 

see that tty and E Q are model-dependent. 

= ^ f f + 2 f f 2 C2.2a) 
E o s E * + < A > C2.2b) 

One can withdraw the next consequences* 

i) enlarges if taken from the data-

analysis increases. 

ii) 6̂= 0, i.e. W(£>)= £ (A) implies the 

model-independent lower limit on 

iii) On contrary, the upper limit on My 

is model-dependent. 

The more narrow the jl-spectrum is the 

greater is the relative influence of the 

neutrino mass on its shape. That is why 

the T £ -decay having the decay energy 

EQfc18.6 keV became a classical object of 

investigation. 

The most developed method and the best one 

at present is the method of jf -spectrum in­

vestigation by a spectrometer. In 1972 
K.Bergkvist was the first who demonstrated 

this in his fundamental work /3/ which be­

came a classical one* Using a spectrometer 

which had a resolution of 50 eV he achieved 
a remarkable result: the upper limit of 

the neutrino mass was set to be at the le­

vel of 60 eV. 

The further development of this method was 

made by Lubimov et al. in 1980 A / . The 

ITEP-80 spectrometer had a comparable re­

solution but the background level was re­

duced by a factor of 16. This alone made 

it possible to increase the efficiency of 

the apparatus by an order of magnitude as 

compared with Bergkvist's spectrometer. 

The increase in the sensitivity led to the 

necessity to develop sensitive methods of 

experimental determination of the resolu­

tion function R. The problem of the data 

analysis became also considerably more com­

plicated facing the possibility of the 

neutrino mass detection. The ITEP group 

was then the first who got an indication 

of a non-zero neutrino mass. 

However, the most significant development 

of the -spectroscopy method was made with 

the ITEP-83 spectrometer The electric 

field was introduced between the source 

and the magnetic field and the electrosta­

tic scan was made. The energy of the de­

tected jî-particles was varied through the 
change of the electric field while the 

magnetic field strength remained constant. 

The main advantage of this method was the 
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constancy of the energy of the detected 
particles in all parts of the y8 -spectrum. 
Consequently, the detector-efficiency re­
mained the same throughout the whole range 
of the scanning and did not affect the 
shape of the ^ -spectrum. The mode of 
operation in which the electrons were ac-
cellerated in the electric field gave the 
possibility to fix the focussing magnetic 
field at the value surpassing the end point 
energy of the T jk-spectrum. This led to the 
20-fold reduction of the background. The 
use of the so-called 1pointlikef source 
and the introduction of a multichannel pro­
portional detector led to the improvement 
of the resolution down to 20 eV. At the 
same time the data-taking rate increased. 
The preliminary results of the measurements 
of the T ji -spectrum in valine using the im­
proved apparatus was reported at the Brigh­
ton Conference /5A 

It was found that 
M 20 eV (2.3) 

In the work which was presented at this 
conference by the ITEP-group /6/ the ana­
lysis of the total statistics of 86 series 
of measurements (35 series were used for 
the Brighton result) with three sources of 
different thickness of active valine was 
carried out. Recalibration of the spectro­
meter was made using a precise measurement 

1 AQ 

of the energies of j§ -transitions of Tm 
(Xb 1 6 9) /7/. The calibration itself does 
not affect the fit-value of the neutrino 
mass-parameter. However, one needs a pre­
cise calibration to compare the fit energy 

Table 1 
E = 16800 eV 

1 2 3 average 

Mv 1696*97/250/ 1317*79/180/ 1350*140/200/ 1401*120 
Eo18588.51*.4/3/ 18585-9*.3/2.5/ 18586.1*.5/2.7/ 18586.6*1.3 

X2/MD322/303 503/509 467/508 

E = 3 3 6 eV 

My 1545-200 1510*175 1371*170 1460*140 
E Q 18587,7*1.2 18587.3*.9 18586.6*1.1 18587.1*1.5 

% % 183/163 264/31& 292/316 

characteristics of the |8 -spectrum with 
those from other experiments. 
The influence of the molecular structure 
of the source on the j& -spectrum was taken 
into account using a high precision cal­
culation /8/ which included correlations of 
electrons. The PSS used for the fit is bas­
ed on 51 final states. 
The experimental data are shown in fig. 1 
as a Kurie-plot in the range close to E Q. 
The results of the fit with the M Y + 0 
using the valine PSS is shown by the solid 
lines. In the same figure the fit spectra 
for M v = 0 are given (dotted lines). 

The results of a 
single mass fit using 
the PSS of valine for 
three sources are 
given in table 1. In 
square brackets the 
errors of parameters 
which take into ac­
count statistical 
fluctuations of all 
functions entering the 
fit expression (i.e. 
variations of the 
weight and the shape 
of ionization losses 9 

backward scattering, 
the optical functions, 
1 curvature of the spec-
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trum1 etc.) are given. For mean values over 

the three sources the total errors are given. 

It is worth to.point out that the use of 

the correct shape of the optical function 

has led to considerable reduction of % ^ as 

compared with the analysis /5/. 

It is very important that the parameters do 

not change as the fit energy range is 

reduced. In the narrow energy range the in­

fluence of the 1 curvaturef of the spectrum 

becomes very small. In this case the result 

does not depend on the uncertainty of the 

behaviour of the tails of the resolution 

function in the region out of £ E . 

The average data for valine for the atomic-

and S -function spectra which were used in 

the analysis are given in table 2. They are 

the same for all models within statistical 

accuracy. The second error corresponds to 

the calibration uncertainty. The fifth line 

in table 2 gives the mass difference of neu­

tral T and He atoms calculated using the 

EQ-values. The values of AM. do not agree 

with values given in ref. /9/ &M=18573+7). 

Recently, the results of the measurements 

of the T-He mass difference from the ICR-

spectrometer were published /10/. The re­

solution obtained in this experiment is 150 

times better than in /9/. The lines of the 

doublet are shown in fig. 2. 

The authors /10/ obtained the value 

%-He = 18599+3 eV which is in good gree-

ment with our value of for the FSS of 

valine. 

2.2. Measurement of the masses o f u - « T -
and subdominant neutrinos 

Similar to the j& -decay the masses of j.i -

and T-neutrinos can be measured from the 
spectra of charged particles in processes 

yielding \^ (T)* The most precise (direct) 

measurements of the muon neutrino mass are 

performed using pions (at rest as well as in 

flight). Anderhub et al. /11/ have used the 

pion decay in flight to measure the pion 

and muon momenta and the decay angle in a 

spectrometer. The result does not depend on 

the masses of the pion an muon and is 

M v •< 500 keV (90 % c.l.) (2.4) 
I* 

The pion decay at rest has been studied by 

Abela et al. /12/. The combination of the 

momentum of the pion measured with high 

precision with the pion mass gives 

M„ < 490 keV (90 % c.l.) (2.5) 

r 
New data from MARK II /13/ presented at this 

conference have been obtained for the T -decay into a heavy system 

M , -< 143 MeV 

The result is 

(95 % c.l.) (2.6) 

W e 2 

valine atom i - B . "Nucleus" 

My 1401±120 1135*95 266*78 

M* 37.4*1.7 33.6±1.4 16.3*2.5 

Eo 
18586.6*1.3 18582.8±1.3 18569.6*1 

18549.2*2.1*5 18549.2*1.9*5 18553*2.7*5 

M T - H ç 
18606*6 18610.4*6 18589. *6 

One can see that the limits to the masses 

of and V T are much higher (by 4 or 7 

orders of magnitude resp.) than the \) ~ 
e 

limit. On the one hand the reason is that 

the energy released in the reactions in­

volving or V T is much higher than in 

the case of the |3 -decay (e.g. of tritium). 
On the other hand the relative accuracy of 

the measurement of the charged spectra is 

much poorer in the cases of or , 

That is why direct ex­

periments measuring the 

masses in the reactions 

involving Vj* or V^are 
hopeless if these masses 

are small. However, in­

direct measurements can 

be much more sensitive 

in these cases. In fact, 

if neutrino masses M, ^ 0, then the eigen 

states of the weak in­

teraction should not 
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forcibly coincide with the mass eigen 

states. In the general case a neutrino of 

the 1-th kind is a superposition of the 
mass eigen states|v>^ 

| V - > 2.Ut<il*,-> ( 2 . 7 ) 
i 

where U-^ is a unitary matrix. 

As it was shown by Shrook/14/ and many other 
authors / 1 5 / in a weak process involving 
all eigen states can show up with a 

probability given by J u l i | 2 in a form of 

kinks and peaks in the spectrum of the re­

coil leptons. It is worth to point out that 

the sterile states which hardly interact in 

our world can also manifest themselves. A 

possibility emerges to choose the Q-value 

of the reaction in the optimal way to match 

the studied range of neutrino masses. For 

small masses the 3? & -decay experiments have 

the highest sensitivity. The M V j f -vs. - |Ue:jc|— 

plot of the two-mass-fit of the tritium 

-spectrum measured in the ITEP-84 ex­
periment is given in fig. 3* 

L_̂ ____,_..._j , ^ - ^ - L — u - . . ^ I 

101 102 103 Mx eV 
Fig.3 

In the interval 20<£MW < 60 eV every mix-
ing is possible. For large masses the ad­

mixture of the other neutrinos falls very 

rapidly as the mass increases. At M^p* 1000 eV 
the upper limit on the mass increases up to 

2 % (90 % c.l.). This reflects the irreg­
ularity of the experiment's j> -spectrum in 

the region close to 17550 eV. The fit gives 
M v - 1000 eV and |u"ex|

2 = 0.9*10~ 2 . The 
J£ -test, however, is also consistent at 
the 90 % c.l. with the absence of this mass. 

In the same figure the limits set by 

Simpson /16/ for the mass range extend­

ing up to 6 keV are shown by a dashed line. 

The analysis of the £ -spectra with large 

energies gives the possibility to widen the 

interval of masses of heavy neutrinos up to 

the MeV range. + 

For example, from the ^Cu Jb "-decay 

1 0 O<M * < 2 0 0 keV and the limit on 

Kx!2 i s | Uex! 2 - 10 - 2 -MO~3 ( o f . / 1 7 / ) . 
From some MeV up to 200 MeV the f C - or K-
two particle decay experiments are most 

sensitive. The K2e, K2^u-decays were in­
vestigated at KEK recently with a much im­
proved spectrometer /18/« 
The study of neutrinos with even larger 

masses M* H is connected with the idea of 
(V H —* e

+e"~ V^ydecay. V H can emerge from 
decays of pseudoscalar mesons (fT , K, P, D, 

etc.) originating from p-target interact­

ions at high energy proton accelerators. 

M p s ^ H + L + X (2.8) 

(X - is the non-1eptonic residue). 
The probability of this process is 

rj | u L Hj
 2 j Uejj\

 2. If L« e then one can de­

termine the matrix element J u ^ j 2 , or ,if 

LE/ujU^H|-|UeH| . The V H-decay idea is 

very rich, it can also be used for any pro­

cess with E v > 1 MeV for reactor-, solar-

and other V -decays. 
In the CHAKM-experiment the search for the 

( V H e +e~ \)^ )-events from'fT/K-decays 
was made using a wide band V-beam. The 
limit on |U e H|

2 and | U ^ H | l u

e n | w a s s e t t o 

be oil 0""̂  for a heavy neutrino in the 

200 - 300 MeV range. 
The beam dump experiment of the CHARM-

collaboration studied V H originating 

from D- and F-meson-decays. The energy in­

terval was widened up to 1750 MeV. For 
Mv „ $ 1 5 0 0 MeV the limit « 1 0 ~ 7 was set for 

|U e H|^ and } Upjjl |U e H| • The same experiment 

permitted,making some assumptions about F-

meson cross section and its branching 

F «-» yTX,to set strict limits on |Uei:| , 

| U e t ï 2 < 1 0 " 6 ^ 1 0 " 1 0 for M V f = 50-r250 MeV. 
The limits on the elements of mixing matrix 

set by different experiments obtained for 

electron- and muon-associated heavy neu­

trinos are shown in fig. 4 and fig. 5, 
respectively / 18 ,19 / . 

112 



Fig. 4 

Fig. 5 

3. Neutrino oscillations 
B. Pontecorvo was the first who put forward 
the idea of V -oscillations in 1957 /20/. 
It was a very brave idea if one takes into 
account the fact that|firstly, it was formu­
lated before the discovery of neutrinos of 
different kinds (flavours) and, secondly, in 
a period when the concept of the neutrino, as 
being a two component zero-mass Weyl-partic-
le was generally accepted. Nowadays, the 
oscillating neutrino seems to be so natural 
that despite of mostly negative results of 
the experiments we are ready to increase 
the efforts in our quest for this beautiful 
phenomenon. 

TEMPORA MUTAIT TUR ! 
As we pointed out many times in general 
neutrinos of one flavour determined by the 
weak process from which they originate are 
a linear superposition of mass eigen states. 

and inversely, 

The different mass states change with time 
as /S#exp[-iEit], E ± = (P 2 + M?) 1 / / 2. If there 
are mass eigen states with different masses 
the phase of these states is changing. A 
linear combination corresponding to a fla­
vour eigen state will change, and thus 
neutrinos of other flavours occure, i.e. 
there will be an oscillation. It is obvious 
that neutrino oscillations can take place 
only if the neutrino possesses a mass M v ^ 0. 
It means that the discovery of neutrino 
oscillations would give direct evidence that 
there is at least one neutrino with M y £ 0. 
However, the existence of non-zero neutrino 
masses would not necessarily lead to neutri­
no oscillations to take place: 
i) at least two masses from the set of mass 

eigen states must not be equal to each 
other, 

ii) a mixing between the mass eigen states 
must exist* 

In the simplest case of two mass eigen 
states the probability of the transition of 
the neutrino of the i-th kind into a neu­
trino of 3-th kind, i.e. the probability of 
occurence of a new neutrino in a beam of 
aeutrinos of a certain kind (in a so called 
occurence or exclusive experiment), is given 
by the well known expression 

(3.1a) 

(3.1b) 

1 L E v J 
(3.2a) 

and the probabilitiy in a disappearence ex­
periment is given by 

P < V * V r t « 1 - PtVi - *Vj> (3.2b) 

where L - is the distance between neutrino-
origin and the detector. 
The mixing matrix is orthogonal 

cos © sin © \ 
^-ain © cos e / (3.3) 

© denotes the mixing angle. 
In the occurence experiments the detector 
registrates neutrinos of a certain kind 
whereas it is irradiated with neutrinos of 
another kind. That is why the very fact of 
detection of 1 foreign1 neutrinos is the 
manifestation of oscillations. Therefore 
the positive result can be achieved 
qualitatively. 

-(• 
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In the disappearence experiment the detec­
tor detects neutrinos of the same kind it is 
exposed to. The change of the neutrino flux 
at a distance L from the source as compared 
with the flux expected is the sole indica­
tion of disappearence of neutrinos and, 
hence, of the presence of oscillations. 
Therefore, to make a disappearence experi­
ment one has to know the absolute flux and 
the neutrino-spectrum of the \> -source. 
Thus, these experiments are quantitative 
experiments. However, the very point of this 
type of experiments is that the disappearence 
of the neutrinos of the detected kind in the 
occurence of neutrino of any other kind V x . 

( P ( V L - . V X ) - 1 - P ( V X - VltoasJ 
including sterile neutrinos. 
Therefore, the disappearence experiments 
(also called inclusive) includes a much 
wider area of physical processes. 
The experimental limit on P(\>T —•» V T ) de-
termines a region in the two parameter 
(sin220 and M 2

y ^ - )-plane. The two 
limits on the values of sin226 and AM 2 are 
determined by the expressions 
i) along the sin 2&-axis 

sin226 = 1 
(3.4) 

ii) along the A M -axis 
with L/L Q» 1, L Q =(1.27AM2/EV)~ 

A M 2 -+x>, (3.5) 
sin (L/LQ) oscillates rapidly and is aver­
aged over the detector to give the value of 
1/2. 

sin 2 ( 2 0 ) l i m = 2 P (P L ~» »x) (3.6) 

The systematic error in the determination 
of the limit on the mixing angle -
sin 2 ( 2 e ) l i m - is mainly determined by the 
knowledge of the absolute neutrino flux as 
well as the slope of the spectrum. System­
atic errors connected with the flux and the 
neutrino spectrum can be reduced considerab­
ly if detectors positioned at different 
distances from the source are used in the 
experiment (two distance experiments). In 
such experiments it is possible to obtain 
a so called 'model independent1 limit on 
A M 2 (and also on sin220 though in a re-

2 stricted range of A M ). It is impossible, 2 
however, to set a limit to sin 29 at 
A M 2 oo . 

The oscillation effect is maximal if 
sin2(1.27 L A M 2 / E J = 1, i.e. if 

A M 2 ^ E V / L . Then the value of E ¥ / L deter-
2 

mines the A M -range to which the experiment 
with a given value of E U / L is sensitive. 
The ranges of A M to which the experiments 
with the different neutrino sources are sen­
sitive to are given in the table 3. 
Table 3 

source sun cosmic reactor accelerator 

I D " 1 0 I O - 4 1 3 - 5 0 

1 0 - 1 1 10~ 5 IO- 2" 5 0.2-1000 

Let's start with small values of A M . 

3.1. Solar neutrinos 
—t — 

It is many years now that the solar neutrino 
paradox exists - the large (almost 3 fold) 
discrepancy between the neutrino flux measur­
ed in the experiment by Davis et al. /21/ 
and the value» predicted by theory. Accord­
ing t o /21/ 

R e x p = (2.2 + 0.4) SNU (3-7) 

( 1SMJ = 10""-̂  • captures per sec and atom 
of ^ 0 1 ) . The flux predicted by theory is 

R t h = (7.9+1.5) SNU (ref./22/) (3.8a) 
or 

Rth = (5.2+2.0) SNU (ref./23/) (3.8b) 
The difference between theory and experiment 
could be interpreted as the consequence of 
neutrino oscillations. In this case one ob-

2 -11 * 
tains A M >10 eV" and the mixing is 

2 
large sin 2 6 = 1 . However, the uncertainty 
in the calculation of the flux of solar neu­
trinos for the experiment ref./21/ does not 
permit to draw a definite conclusion about 
the existence of V -oscillations. The point 
is that in this experiment the Cl-Ar-method 
of neutrino detection (V e+*^C1 «—» e +^Ar) 
was used. The energy-threshold of detection 

37 
is 814 keV. ^ 101- experiments are sensitive 
to solar neutrinos of the so-called boron 
cycle (E w in the range 0 - 14 MeV) and 

7 
partly to neutrinos from 'Be, E =861 keV. 
The overwhelming majority of solar neutrinos 
originate from the p-p cycle with energies 
from 0 up to 420 KeV, i.e. values below the 
threshold of detection of the Cl-Ar-method. 
Therefore, the solar neutrino paradox is 
still present. We hope that it will be re-
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Fig. 6 

The up-down ratio for the neutrino-flux ob­

tained is 

R (up/down) = 0.92 + 0.28 (3.9) 

which is compatible with the absence of l>-

oscillations for A M 2 > 5 «10""5 eV 2. There is 

a 26"* incompatibility with Davis* experiment 

^ x p ^ t h = ± O.H (3.10) 

So, if one interprets the V -sun-puzzle as a 

complete oscillation among all flavours one 

obtains 

1 0 ~ 1 1 < A M 2 < 6 x 10~ 5 eV 2 

This is a very important indication. 

( 3 . 1 1 ) 

3 . 3 » Reactor experiments  
3 . 3 * 1 * The Gosgen experiment / 2 5 / 
In this experiment the neutrino flux from 

the j&-decay of the fission products of a 

2.8 GW power reactor is measured by two de­
tectors situated at the distances of 3 7 . 9 
and 4 5 . 9 meters from the center of the ac­
tive area of the reactor. The detectors con­

sist of consecutive layers of liquid scintil­

lator and proportional wire chambers filled 

with ^He. The positrons from the reaction 

V ep -^ne 1 are detected in the liquid 

scintillator. The energy resolution is (cf. réf. /25/) 
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solved by further experiments applying ' Ga 
115 

and •'In which are also sensitive to neu­

trinos from the p-p cycle. 

3.2. Cosmic neutrino-oscillations 

At this conference there is a first example 

in which the large p-decay detectors 

are used to search for V - oscil­

lations. The 1MB-experiment /24/ measured 

the up- and downward cosmic neutrino flux 

(cf. fig.6). Thus, a classical two-dis­

tance experiment (Lf 1 km down, L^l O^km 

up) was carried out. It is a flux-indepen-

2 —5 2 
dent experiment sensitive to A M > 5 10 ^eV. 

Ç*(E ) = 0.35lE . Neutrons are detected in 
6-5 * e 

the ^He-chamber s. She comparison of the re­

sults obtained at two distances gives the 

possibility to set a limit on the inclusive 

process of Ve-oscillations independently 

of the knowledge of the absolute neutrino 

flux, the neutrino spectrum, the detector 

efficiency and the neutron lifetime. These 

results are shown in fig. 7« However, as we 

have pointed out already the two-distance 
experiment is sensitive to only a limited 

p 
range of A M and, in particular, it does 

2 
not limit the mixing angle at . 

p 
More stringent limits on minimal & M , and 

2 
what is even more important, to sin 26 at 

2 

£ M «—> oa were obtained by comparison of 

the measured spectrum with the theoretical 

calculated spectrum. 

As one can see from fig. 7 the Gosgen-

experiment excludes V — £ V oscillations 
e x 

for the regions 

sin 2 2e>0.15 at />M 2 — • #o (3.12a) 

and 

^ M 2 > 0.014 at sin220 = 1 (3.12b) 



3.3*2. The Le Bugey experiment /26/ 
The experiment was carried out at a 2.75 GW 
power reactor. The characteristic feature 
of this experiment is that the detectors 
are situated very close to the active area 
at the distances 13.6 and 18.3 m. It gives 
the possibility to considerably improve the 
statistical accuracy of the experimental 
data and consequently increase the sensiti­
vity of the experiment. (The neutrino flux 
incident to the detector in the Le Bugey 
experiment is almost an order of magnitude 
higher than that of the Gosgen experiment.) 
The statistical accuracy of the measured 
spectra is 2 % / 500 keV and 4 % / 500 
keV at positions 1 and 2, respectively. 
The spectrum of the ratio (position I) / 
(position II) is shown in fig. 8. The 

measured values are much higher than the 
values predicted by the theory. The syste­
matic errors (which are the smallest in the 
case of a two distance experiment) are in­
cluded in the theoretical calculations. The 
mean ratio integrated over the 1.5 - 6.5 MeV 
interval is 

R = 1.102+0.014(statist.)+0.028(syst*) 
( 3 . 1 3 ) 

So, there is a 3<T-indication of the ex­
istence of \)-oscillations. The best fit 
obtained is 

A M 2 = 0.2 eV 2 (3.14a) 
sin220 = 0.25 ( 3-Hb) 

In this experiment oscillations manifest 
themselves only in the change of the measur­
ed neutrino flux in the transition from 
position 1 to position 2 and not in the de­
viation of the shape of the spectrum from 
that expected in the case of the absence 
of oscillations. 
It means that the reliability of the re­
sult as reflecting the presence of oscil­
lations is determined to a great extent 
by the accuracy of determination of the 
acceptance of the detectors at positions 
1 and 2. The latter does not seem to be 
a simple problem in a view of the peculiar 
geometry of the experiment. The detector 
at positions 1 and 2 view the active area 
of the reactor at different angles. 
Pig. 9 shows the Gosgen- and the Le Bugey-
results. The shaded area is allowed for both 
experiments and marks the range of possible 
V-oscillation. More experiments are needed 
to check these results. 

10 F—.—.—< 1 — i — i — i — i — • ] 

3.4. \> -oscillations at accelerators 
There are appearence and disappearence ex­
periments from CERN and CCFR with recent 
results (cf. /27/). 
Table 4 

E v [GeV] D^m] D^lprocess 

CDHS 3 130 900 
BEBC 2.5 133 950 
CHARM 1.5 130 930 

CCFR 40...230 700 1100 
IHEP 
Serpukhov 2...30 150 
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Table 4 summarizes the neutrino-energy, the 

detector distances , and the processes 

investigated in the respective experiments. 

Figures 10 and 11 show the limits on £ M 
p 

and sin 2© obtained in these experiments, 

DISAPPEARANCE EXPERIMENTS 

Fig. 10 

Pig. 11 

The statistical analysis of all data shows 

that the V ô oscillation hypothesis e x 
(at constant Y^- flux) has the probability 
0.35 whereas no oscillation gives 2.10"^. 

The best fit yields: 

lff2 

sin229 

350+40 

0.32̂  +0.18 

(3.15a) 

(3.15b) 

3.5. Beam dump experiments and V -oscillation 
For some years the measurement of prompt 

electron- and muon neutrinos from CERN beam 

dumps indicated a ratio R ( | V e / ^ Vj* ) less 
than unity. It could be interpreted as evi­

dence for y -oscillations. But more recent 

results from CERN and the data at Fermilab 

gave a large range of measured values which 

have prevented a definite conclusion êo far. 

Table 5 (cf. réf. /28/) 

Experiments Distance [mj R ^ r ^ ,

e ' ^ ^ 

CERN (77-79) 

CERN (82) 

FNAL (81-82) 

900 0.57+0.09 

450 0.74+0.10 

60 1.09+Ô.09+0.10 

0.08 
2 

The sin 2$ value is different from that ob­

tained in the Gosgen experiment by 2 0 " . 

4.- The double £ -decay and other lepton-

number violating processes  

4.1.. The double ^ -decay 

A well known classical weak process is the 

$ -decay in which,as a result of the four 

fermion interaction (np)(eÇ ), the nuclear 

transition with the emission of an electron 

and an antineutrino takes place 

A(Z) — * A(Z+1) + e~ + ̂  (4.1) 

According to the same law, provided that 

the transition energy of the appropiate pair 

of nuclei is high enough and there is no 

single ̂ -transition, the process with the 

emission of two electrons and two antineu-

trinos - the (2̂ g , 2 V ) decay - has to take 

place. This is a second order process in 

the standard theory. 

B(Z) —» B(Z+2) + 2e~ + 2V (4.2) 

The (2j8 , 2V)-decay as a weak process it­

self does not give new information as com­

pared with the ordinary -decay. However, 

another type of double £ -decay is of in­

terest. Because the neutrino is a neutral 

particle, neutrino and antineutrino may be 

identical. The particles of this kind are 

called Majorana particles. If the neutrino 

is a Majorana particle then the process 

(4.2) can take place without emission of 

neutrinos (» and \J annihilate virtually 

because V £ V ) • 

B(Z) «-* B(Z+2) + 2e~ (4.3) 

This process which violates lepton number 

(A L = 2) is directly connected with the 

problem of massive neutrinos we are dis­

cussing in this talk. Let us line out this 

in more detail. In the framework of the 

standard V-A theory of weak interaction all 

fermions ((np)(eV) in our case) are two-

component particles and the weak current is 

left-handed. It means that all particles 

are polarized in the direction opposite to 

the direction of their motion. The polari-
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zation is equal to their velocity (v/c). If 

the neutrino mass is equal to zero (e.g. the 

two component neutrino of Weyl-type) then it 

is fully polarized (v/c = 1 ) and "both neu­
trino and antineutrino have the same helici-

ty and annihilation is impossible (V(left-
handed) = V (right-haiided)). The neutrino-
less double ji-decay (4.3) is thus forbidden. 
In the case when the neutrino mass is not 

zero and, therefore, the neutrino velocity 

is not equal to the velocity 0Î light, then 

one of the neutrinos may have the inverse 

polarization (with the probability ** m v/E). 

The annihilation becomes possible and the 

neutrinoless double |J -decay #(4.3) has to 

take place. Its probability will depend on 

the neutrino mass. Hence, the experimental 

detection of the neutrinoless double jS -
decay would give a direct evidence for the 

existence of a massive Majorana neutrino. 

The last statement is valid if the inter­

action is described by the standard V-A 

theory. However, the (2^1 , 0 V)-decay may 
also be due to a V+A interaction with 

right-handed current. In principle a good 

experiment giving information about kinemat-

ical parameters of the produced particles 

in the case of a positive result offers the 

possibility to determine the mechanism of 

the ( 2 | £ , OV)-decay. Firstly, the angular 
distribution is different in both cases and, 

secondly, the 0 + - 2 + transition is possible 

only through right-handed currents whereas 

the 0 + - 0 + transition is possible in both 

mechanisms. 

Two classes of experiments exist: 

The passive (cumulative) experiments are 

geochemical experiments in which daughter 

nuclei are accumulated in a sample during a 

long geological period. A geochemical experi­

ment is very sensitive but it does not dis­

tinguish between ( 2 j £ , 2 V )- and (2j& , O V ) -
decays. The main phase of the experiment is 

made by nature itself. 

Active (laboratory) experiments are counter-

or even Track-finding experiments in which 

every 2jJ-decay event is detected and some 
kinematical characteristics are measured. 

In these experiments it is possible to dis­

tinguish between ( 2 0 , 2 V ) - and ( 2 | | , 0 V ) ~ 
decays and also between 0 + - 0 + and 0 + - 2 + 

transitions. 

During the last 30 years a lot of geochemi­

cal studies of the half-width of the transi-

.82 Kr 8 2, T e 1 3 0 - X e 1 3 0 were made. tions Se 

The positive results obtained in them agree 

within a factor of 5 with each other and 

give the mean value (Kirsten /29/) 

T 1 / 2(Te
1 3 0** Xe 1 3 0)=(2.55+.2) 10 2 1 years 

(1950 - 1982) (4.4a) 

T1/2(Se' 
8 2 p Kr82)=(1.45+15) 1 0 2 0 years 

(1969 - 1971) (4.4b) 

It is most likely that the 2 f$ -decay does 
exist. The detection of 2 p -transition in 
geochemical experiments indicates only the 

existence of the (2^| , 2V)-decay at the 

energies of 2p transitions * v 5 m e , because 

in T e 1 3 0 and Se 8 2 the probalility of the 

(2^ , 2» )-process is much higher than that 

of the (2|§ , 0V)-decay. The question about 

the existence of the neutrinoless 2jk -decay 
is still not answered. 

However, some indirect indications of the 

neutrinoless 2 £-decay can be in prin­

ciple obtained from geochemical studies. 

Following the well known suggestion b y 
B. Pontecorvo /30/ one can measure the ratio 

of lifetimes R = Ty 2(Te
1 2 8) / Ty 2(Te

1 3 0). 

The measurement of the ratio of lifetimes 

of close isotopes has many advantages. 

Firstly, it is quasifree fo systematic 

errors which is characteristic al for the 

geochemical method (determination of the 

sample age, estimation of daughter nuclei 

conservation etc.), and, secondly, it is 

more or less independent of theoretical un­

certainties in the calculation of matrix 

elements. Thus, the ratio R is- only depen­

dent on a well determined kinematical fac­

tor. Since the energy of the 2È -transition 
130 128 in Te is 3 times higher than in Te 

and the phase spaces of (2^, 2 u ) - and 

(iip , 0\))-decays differ radically (as Q 6) 

the ratio R is sensitive to the decay mode 

as 

and 

R = 2 - 1 0 " 4 for ( 2 |£ , 2 V ) ( 4 . 5 a ) 

R = 4 . 1 0 " " ^ for ( 2 ^ , OV ) ( 4 . 5 b ) 

Unfortunately, the experimental situation 

in the case of the measurements made by this 

method is ambiguous. 

According to the measurements by Hennecke 
et al. / 3 1 / ( 1 9 7 5 - 7 8 ) 

R = ( 6 . 3 7 + . 4 ) 1 0 ~ 4 ( 4 . 6 ) 

which*suggests the existence of the (2^S, 
OV)-decay aà a consequence of a Majorana 
mass M U = 40 eV / 3 2 / or due to right-handed 

118 



-*5 
currents ^ = 5*10 J. 

However, in the experiment by Kirsten et al. 

(1982) 
R = (1.03+1.13) 10 4 (4.7) 

was obtained which is consitent with the 

absence of the neutrinoless 2y8-decay. Prom 
this the limits are /34/ 

M 5 . 6 eV or 2.4«10~5 (4.8) 

To resolve the problems of the 2 f> -decay 
new (especially 'active1- counter- or track-) 

experiments have to be carried out. 

A great number of counter experiments devot­

ed to the (2j8 , OV)-decay to search in 

different elements (Ou 4 8, Ge 7 6, Se 8 2, M o 1 0 0 , 

T e 1 3 0 /35/, N d 1 5 0 /36/)were made. 

None of these experiments has detected the 

(2|3 , 0V)-decay. The most stringent limit 
on the neutrinoless 2|â -decay is set by the 

Milano group /37/ for Ge^. Two crystals of 

Ge(Li) (7.76 % Ge 7 6) served as a Ge7^-source 

and detector. The active volume of the de~ 

tectors was 120 and 150 cnr resp. The detec­
tors were surrounded by the passive shield­

ing made of high purity materials (3 times 
distilled mercury, oxygen-free copper, lead 

of low radioactivity).The set up was situat­
ed under the Mont-Blanc massive (5000 mWE). 

The only measured parameter was the energy 

of the 2ji -decay. The energy resolution was 
Cd 2.0 keV. The limit on the half lifetime 
set after 11000 hours of exposition is 

T 1 / 2 2 10 2 3 years (4.9a) 

Consequently the limit on the neutrino mass 

is 

tion of the (2/&, 2 V)-decay of Se 8 2. The 

M% 4 eV (4.9b) 

if the transition-matrix element given in 

/35/ is used. 

The limit on right-handed currents is 

*1<L 10" 5 (4.9c) 

One has to point out, however, that the de­

termination of the limit on the neutrino 

mass derived from the measured upper limit 

of the (2J& , 01>)-decay probability is con­

nected with the uncertainty of the calcula­

tion of the nuclear matrix elements. In 

different models these calculations give 

results which differ from one to the other 

by a factor of 10 or even more. 

The theoretical problem of calculation of 

the matrix elements can be resolved experi­

mentally through the measurement in labo­

ratory experiments on the standard (2j(J, 
2V)-decay using different elements. Pre­

sently there is only one experiment by Moe 

and Lowenthal /38/ • They claim the detec-

half lifetime T- 19 
L'1/2 ~ ^ i * 4 ^ 1 0 yoars turn­

ed out, however, to be an order of magni­

tude smaller than that measured by the geo-

chemical method ( T ^ 2 = 1.45+. 15)• 1 0
2 0 

years) though it is in good agreement with 

the theoretical calcualtions by Haxton /34/. 

The Pomansky-group /36/ measured Ty* of 1 SO 
Nd J for different channels. 

,19 I) T 1 / 2(2V) >1.3 10' yr 

.21 

(95 % c.l.) 

(4.10a) 

ii) T1/2(01»,M f0)> 1.2 10^'yr (95% c.l.) 
y (4.10b) 

iii) T 1 / 2(0^),7l R H CfO)> 0.8 10
2 1yr 

(95 % cl.) (4.10c) 

The extracted upper limit for the nuclear 

matrix element V 2 | e X p ^ s 

1/2 KT|e:q< 0 . 2 5 (4.11a) 

which is much smaller than chat by Haxton 

/34/ 
V 2 I M ^ ^ ' û i l U (4.11b) 

It is in agreement with the geochemical 

experiment. In ref. /36/ the limits 

< M>2£ £ 29 eV (4.12) 

and 

(4.13) RHC <<L 2.2 10" 

were obtained independently from the cal­

culation of | MçrpJ from the ratios of the 
lifetimes (4.10a,b) and (4.10a,c). 

Reelecting the present theoretical and ex­

perimental uncertainties the present limit 

on (2£ , OV ) limits < M > 2 * 

(4.14) 

Is the rebult in conflict with the ITEP-

result <M>£ > 20 eV? 
The ((^^H£M>^ )- discrepancy is currently 

discussed by many authors / 35 ,39 / . What 
does this 'conflict' mean;if the tendency 

mentioned reflects the reality? As we have 

pointed out many times, in the general case 

the massive electron neutrino is a linear 

superposition of different neutrino-mass 

eigen states. This leads to different 

mixings of masses and results in- different 

effective masses for tritium- and (2^ ,0v)-
decay experiments. The respective masses 

are 

. _ i . 9 9 . 1 / 9 f -9% c 

t ium 

15) 
1 2 {£-decay (4.16) 

Prom this it follows that in the most 

general case of mixing*\M>^ is not equal, 

are i/g 

< M > j = ( î i|u L i l 2 M ? ) 1 / 2 = ( M 2 J for tritiur 

* ' /2,4/ (4.1! 

but is larger or equal t o ^ M ^ 
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(4-17) 

(4.18) 

In equation (4.15) all terms are positive 

( N M ) whereas in equ. (4.16) they can have 

different signs due to the different CP • 

parity of the mass eigen states. Wolfenstein 

/40/ was the first who suggested the possi­

bility of compensation in 2|& -decay. In the 

simplest two-mass case th# expressions 

(4.15) and (4.16) are reduced to 

= (cos 2e M 2+sin 2 S M 2 ) 1 / 2 

< M X = cos 26 M,-fsin2e M 2 

J*P 1- 2 

In the case when the sign of the second 

term is negative the compensation of the 

effective mass takes place for the 2j& -de­

cay. Let us consider the two extreme cases 

consistent with neutrino oscillation ex­

periments, 

i) AM 2^: 0.016 eV (Gosgen), sin 2 2 0 * 1 , 

E S * i r/4 then < M \ C ? M ^ M ^ M ^ 30 eV 

from the tritium ^l-decay, ITEP)) 

<M> M 1(cos
2 E-sin 2 B ) E^0, i.e. 

full compensation, 

ii) A M 2 - is large, sin 220~O.l6, 350*04, 

the full compensation of K^-^A wi-^ 

also occur under the condition that 

t g 2 ® * ^ /M2. 

Thus, the existence of the subdominant mass 

M 2CfM 1/tg
26, i.e. M2*£ 500 eV (assuming 

M v = 30 eV and 0.04) can give the full 

compensation of the effective mass which 

determines the probability of the 2j&-decay. 

Presumably the sign of mass eigen states 

should be different. 

As for the tritium experiment it is sensi­

tive to both masses if the difference of 

the dominant and subdominant masses is 

large. 

Concerning the limits on M^> 10 Me? Leung 

and Petcov /41/ showed that destructive 

interference in ̂ M^ 2 A c a n °ccur only if 

the heavy neutrino mass is situated in the 

ranges 20 MeV-£M v^30 MeV, 60 MeV£» M y £ 140 

MeV, and 170 MeV^M y«L 200 MeV. 

The discussed mechanism corresponds to the 

case of Majorana neutrinos. One should not 

conclude from the fact that the 2-dec&y 

was not detected that the neutrino is a 

Dirac particle as some authors do /42/. 

This argument is valid only in the case of 

total absence of mixing. 

However, the experimental situation with 

both 2ji-decay (unresolved experimental 

and theoretical difficulties) and the tri­

tium jl-decay (the only positive result of 

the ITEP-group) is not clear enough to make 

the far reaching physical conclusions in­

cluding the above arguments about compen­

sation. The purpose of these arguments was 

to show that the ^ MyĴ  - ̂ M} ̂  - ' con­

flict1, if it exists, should not be con­

sidered as a contradiction. 

4.2. Other lepton number violating processes 

In the beginning of the sixties the experi­

ments on the (yu —% »ey ), (̂ u 3e)-

decay gave negative results at the level 

of 10"" . These results have promoted the 

idea of existence of different kinds of 

neutrinos, Vj* and V Q , which was discuss­

ed extensively those days. 

In many models currently discussed the 

flavour is a bad quantum number, and once 

again we come back to the flavour violation 

search, but at a modern level. 

For example, the SINDRUM group at SIN /43/ 

presented remarkable data on the (^u~-*3e)~ 

decay search. The experiment was made at 

the magnetic spectrometer SINDRUM. 

About 1 0 ^ ^u+-partides were stopped in a 

target. 7742 events of the allowed 

( /U—*3e2 V )-decay were detected. îîo ̂ u«-*3e 

event has been seen. From this the ratio 

.— • < 2.4 10 R^u—t 3e) 
f" £ f U-*e*V) 

(90 % c.l.) (4.19) 

is derived. 

Mischke et al. /44/ (Crystal Ball) de­

termined the limits on ^u~* 3e, ^u—# ey 

and ^u—% e2-y at the level of 10~ 1 0. 

The search for flavour violation was carri­

ed out at TRXUMF /45/ by investigating 

of the reaction 

Ti • # e Ti (4.20) 

The process was not found at the level of 
— 11 

(90 % c.l.) as compared to the < 3 *10 

normal / •u- capture. 

5. Conclusions, present status and 

perspectives 

The new measurement at ITEP using the con­

siderably improved apparatus confirmed the 

indication of the existence of a non-zero 

mass. 

The main problem is still the uncertainty 

connected with the final state spectrum of 

He^ + in the molecular environment. This 

problem can be resolved in the T j& -decay 

experiments which are made and planned to 
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be made in the nearest future /46-49/.In 
these experiments a resolution of 2 - 10 eV 

can be obtained. The authors ref. / 4 6 / pro­
posed the use of atomic tritium. Boyd et 

al. / 4 9 / use a cryogenic T-source. 
It makes one to believe that the question 

about the neutrino mass at the level claim­

ed by ITEP will be answered in the coming 

1 - 2 years. 

If the neutrino has a mass, the neutrinoless 

double j& -decay can help to decide the 

question whether the neutrino is of Majorana-

or Dirac-type. At present the neutrinoless 

double j8 -decay has not yet been seen. 

< ^ M > A ^ is limited by 

< M > ^ < 4 - 10 eV 

The planned experiments of the new genera­

tion are a step forward both quantitative­

ly /50,51/ and qualitatively and have an or­

der of magnitude higher sensitivity. The 

TPC-based 'total information' experiments 

have also to be counted to the qualitative­

ly new experiments. Among them the most pro­

mising experiment is the 'live target1 /52/, 

where the 2j8-radioactive material is at the 
same time the working substance and a track 

detector. 

The advantage of a track experiment is also 

the possibility to investigate both types 

of 2^-decays. This gives the possibility 

to resolve the problem of the nuclear ma­

trix elements experimentally. 

What can be said about the mass eigen 

states of the neutrinos? Prom the limits on 

the neutrino-oscillation parameters two 

scenarios emerge. 

Oase A. sin 2 20»1, A M 2 ^ 0 . 0 2 eV, and 

M 1 ^ M 2 ^ M 3 ... Let <M> f ar M 1 . Then <M> ^ 

can be very small, <,M> 2 - ^ AM2/2M^ 

A, 3 10~ 4

f if SLj^OO eV. ' 

Case B. sin 226<0.2, «6 M 2 large, 11 a t M - , 
ût M 2, et Mg , ... 

i) if there is a direct hierarchy 

M 2 • •compensation in the 

(2^8, 0V)-decay is possible. If U^M2 

= tg0, M 1C*30 eV then M 2 should be 

larger than 500 eV* In this case the 

V H -search experiments are favourable, 

ii) if there is a reverse hierarchy /53/ 

. A M 2 has a limit Ù M 2

l i m ~ M 2 ( l ^ M t f 3 ~ . .*. 0) . 
The oscillation experiments for A M 2 

*V1000 eV 2 are favourable and (yL)*êVL^, 

{M^^M..* a compensation is impossible. 

The experimenturn crucis to choose between 

case A and case B is an experiment on solar 

neutrinos which uses Ga or In for the neu­

trino detection. Cosmic neutrino experi­

ments using the earth-diameter as oscilla­

tion length which are sensitive to 

A M 2 3 M 0 " * 4 eV 2 are important. 

I want to end these conclusions mentioning 

an interesting idea which concerns the 

puzzle of solar neutrinos. 

Bilenkii and Pontecorvo / 5 4 / pointed out 
that one positive result of an oscillation 

experiment which gives small mixing (i.e. 

the confirmation of the Le Bugey result) 

does not definitely mean that the solar 

neutrino paradox does no longer exists. If 

from N-kinds of neutrinos (N-m) are mass 

degenerate (large mixing angles) and m have 

different masses (small mixing angles), 

then the solar neutrino experiment (of 

Davis or a furture experiment) will show 

the reduction of the flux r^1/(N-m). That 
is why in the case of m = 1 and IT = 3 the 
solar experiment will show a considerable 

reduction of the flux (1/2 instead of V 3 , 
the difference one would not detect even 

in the future experiments). If then (gener­

alizing /54/)one assumes N = 6 , (transi­
tions to sterile neutrinos) the oscillation 

of solar neutrinos will be the total one 

even at m = 3 . 

The investigations concerning the neutrino 

mass problem provided us with various 

limits on the range of possible neutrino 

masses and mixing angles. However, the que­

stion whether or not neutrinos are massive 

is still unanswered. 

It is clear, how to proceed. 

i) the ITEP-result has to be checked 

ii) further solar neutrino searches have 

to be carried out, 

iii) the 2 ft-decay must be further searched 
for, 

iv) further oscillation experiments are 

necessary and the Le Bugey result has 

to be checked, 

v) the search for heavy neutrinos must be 

continued at low (in the fb -decay) and 
at large masses (W- and Z-decays, 

Tevatron experiments)• 
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DISCUSSION 
G.MARX 
Would it be technically possible to use a 
different chemical compound in the ITEP-
experiment? 
V.LUBIMOV 
We plan to measure with another kind of a 
chemical compound in. future. 
H.TERAZAWA 
Just before I left Tokyo my colleague, Dr. 
Oshima, told me that he had reached the 
point where he can now measure the V 0 -
mass with the accuracy of 10 eV by improving 
both the tritium-source and the j3-spectro­
meter at our Institute of Nuclear Study, 
University of Tokyo. 
G.WAOHSMUTH 
Concerning indications of \)-oscillations 
in beam-dump experiments ( Vg/Vj* **V2): 
Two CERE beam-dump experiments (BEBC,CDHS) 
have reported to this conference showing 
that prompt V e* V | 4 * fluxes are compat­
ible with being equal. Especially, a value 
of V / = 72 is excluded by the BEBC-e p 
result by 4 standard deviations. Thus, there 
seems to be no reason to invoke V -oscilla­
tions to explain results of beam-dump ex­
periments. 
V. LUBIMOV 
I feel personally that we need further ex­
periments to clarify the situation. 
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