Kpamxkue coobwenus OHAH Ne3([71]-95 JINR Rapid Communications No.3[71]-95

YAK 539.123

TO THE THEORY OF NEUTRINO OSCILLATION

Kh.M.Beshtoev

The example of X 0., K%meson oscillations is utilized in showing that v,, Vo Vo
oscillations must proceed via two stages. First v,, Vi v,-eigenstates of the weak interactions

are created. Then, owing to the presence of lepton number violating interactions, these neutrino
states are converted into superpositions of v,, v,, V,-eigenstates of interactions violating the

lepton numbers. Further, neutrino oscillations will occur in accordance with the standard
scheme.
The investigation has been performed at the Laboratory of Particle Physics, JINR.

K TeopHH OCHHLIALMM HEHTPHHO

X.M.Bewmoee

Ha npumepe K -, K %-ocumiisunit noxasauo, uto v ¢ Vo Vo OCUMIALIMH HIOYT Yepe3 JBe
cramuu. Criepsa poXgaorcs V,-, Vyo VyHEHTPHHO — COGCTBEHHble COCTORHMA Caboro

B3aUMOAEHCTBHSA. 3aTeM, €CIIH NIPHCYTCTBYET B3aHMOREHCTBHE, HapylLaloLee JIENTOHHBIE YHCNa,
9TH HEHTPHHHbIE COCTOAHHA NPEBPAIIAIOTCH B CYHEPNOSHUKH V -, V,-, V4-HEHTPHHO — cobcT-
BEHHBIE COCTOAHMS B3aMMOICHCTBHS, HAPYILIAIOHIETO JICNTOHHbIE 4McHa. Hajee OCLUULIALMA
HEHTPHHO OyZeT MPOUCXOLHTH COMIACHO CTAHZAPTHOMN CXeMe.

Pabota BenonHena B JIaGoparopuu cBepxBHICOKKX aHepruit OUSH.

1. Introduction

In the old theory of neutrino oscillations [1], constructed by analogy with the theory of
K 0, K° oscillation, it is supposed that mass eigenstates are Vs Vp V, neutrino states, but

not physical neutrino states v, ‘vu, v, and that the neutrinos V, V. V, are created as

I
superpositions of v,, v,, v, states. This means that the Vo Vo Vs neutrinos have no definite

mass, i.e., their masses may vary depending on the v, v,, Vv, admixture in the v,V Vo

u
states (naturally, in this case the momentum of the neutrinos is not conserved) Probably,
this picture is incorrect one. This can be illustrated taking advantage of the K 0 k°

oscillations which have been well studied.
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2. k% k° Oscillations

1) The K 0, K° mesons, which consist of the s, s, d, d quarks, are created in the strong
interactions (the typical times of strong interactions are t 1072 s.) and are, accordingly,
eigenstates of these interactions, i.c., the mass matrix of the K, X mesons is diagonal.

2)If we take into account the weak interaction (typical times of weak interactions are

!eak = 107 s.) which violates strangeness, then the mass matrix of K %_mesons will become

nondiagonal. If we diagonalize this matrix, then we will come to the KIO, K2O states, which
are eigenstates of the weak interaction [2]. '

So we can see that, if K 0 mesons are created in strong interactions, then X 0, K©
mesons are produced, and if K 0 mesons are created in weak interactions then KIO, K2o
mesons are created. In these cases no oscillations of X ® mesons will occur.

3) Now let us give a phenomenological description of K 0, K meson creation and

oscillation processes. We will consider the creation of K %, K mesons as a quasistationary
process with a typical time t, Within this typical time, -t Weak interactions will violate

strangeness and result in the mass matrix of the K mesons becoming nondxagonal The
probability for this process to occur in t= e, s
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— ]J— is the decay probability of the quasistationary state during

str, weak

where [1 —exp ( -

the time — 1.
The mass matrix of the K mesons will become nondiagonal in t=n 102% s with a
probability of W= = 10713, And then the K 10, K, 9 mesons — eigenstates of weak interactions

will be created. So we can see that in this case mainly K, K° mesons will be produced, but
not the K", 0 K, % mesons.

Then, when the K, K ° mesons, that were created in strong interactions, pass through
vacuum, the mass matrix of the K ° mesons will become nondiagonal, owing to the presence
of weak interactions violating strangeness. Diagonalizing it, we get Kl0 , Kzo-meson states

which are eigenstates of weak interactions. Obviously, the K 0, K° mesons are, then,
converted into superpositions of K 10 Kzo mesons {2].
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Then, oscillétions of the X 0, K° mesons will take place on a background of K 10 s K20 decays.
The length of these oscillations is [3]:

2.48p, 0 (MeV)

L (m)= (3)

2 2’
lmKloKlo - szoKzol eV)

pyo is the momentum of X 0 ,

The main question which arises now is: which type of oscillations — real (implying
actual transitions between the particle) or virtual ( implying virtual transitions between
particle without transition to mass shells) takes place between the K 0, K° mesons? Since
the masses of K and X ° mesons are equal, oscillations between these mesons are real. But,
if the masses of K° and K ° mesons were not equal, then the oscillations would be virtual

(4].

.

3. v-Oscillations

We can now pass to the analysis of neutrino oscillations, taking advantage of the
example of K °, K% -meson oscillations.
1) The physical states of the Vo Vi V2 neutrinos are eigenstates of the weak interaction

and, naturally, the mass matrix of v, vu, v, neutrinos is diagonal. All the available
experimental results indicate that the lepton numbers le, lu, lT are well conserved, i.e., the

standard weak interactions do not violate the lepton numbers.

2) Then, to violate the lepton numbers, it is necessary to introduce an interaction
violating these numbers. It is equivalent to indroducing nondiagonal mass terms in the mass
matrix of v, Vi Ve Diagonalizing this matrix we go to the Vi Vy V5 meutrino states.

Exactly like the case of K® mesons creating in strong interactions, when mainly K 0, x°
mesons are produced, in the considered case v, vu, Vo but not Vis Vo Vg, neutrino states
are mainly created in the weak interactions (this is s0, because the contribution of the lepton
numbers violating interactions in this process is too small).

3) Then, when the Ve Vi Vs neutrinos pass through vacuum, they will be converted into
superpositions of the V1> V,, V5 owing to presence of the interactions violating the lepton

numbers of neutrinos and will be left on their mass shells. And, then, oscillations of the
v, v“, A neutrinos will take place according to the standard scheme [1]. Whether these

oscillations are real or virtual will be determined by the masses of the physical neutrinos
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v, vp, v, . i) If the masses of the vV, V., V. neutrinos are equal, then real oscillation of the

m

neutrinos will take place. ii) If the masses of the V, V, Vv, are not equal, then virtual

W
oscillation of the neutrinos will take place. To make these oscillations real, these neutrinos

must participate in the quasielastic interactions, in order to undergo transition to the mass

shell of the other appropriate neutrinos by analogue with y — po transition in the vector
meson dominance model. In case ii), enhancement of neutrino oscillations will take place
if the neutrinos pass through a bulk of matter [5].
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