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In the previous paper [1 ], where possible types of neutrmo oscillation were
analysed, it was found that:

1) if neutrinos of different types-have equal masses, real oscillations are
possible for different types of neutrinos by analogy with K° R K° oscillation;

2) if neutrino masses are different for different neutrino types, only virtual
neutrino oscillations are possible while real oscillations require participation of
neutrinos in interactions for their transition to the respective mass shells by
analogy with transition of a y-quantum to the p %_meson in the vector dominance
model.

In continuation of ref. [1 ] we shall estimate the probability for neutrinos to
change from one type v, to another v, (m": * mv'r) in passing throu‘gh‘matter.
Neutrino transition to the mass shell will occur via weak neutrino-matter
interaction (by analogy with the y — po transition or K(l’, Kg oscillation). We
shall assume that the difference in mass of v Yy neutrinos is small enough to
consider the probability of v, transmon to the mass shell proportional to the

total elastic cross section ¢! (k) for weak interaction (for simplicity we shall deal
with oscillation of two neutrinos). Then the length of elastic interaction of the
neutrino in the matter of density p, charge Z, atomic number A and momentum
k will be defined as
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If the neutrino mass difference is fairly large, it can be taken into account by the
methods of the vector dominance model [2]. As pointed out above, we shall
assume that this difference is very small and employ formula (1).

The real part of forward scattering amplitude Re f{k, 0) is responsible for
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elastic neutrino scattering in matter. It is related to the refraction coefficient by

2N, 1, (k, 0)
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Keeping in mind that 3]

£k, 0) =V2G, k(M2 /M2) , 3
T, B, 3
1f1—ve, Mi_MW’
| if i=v,v, M =M0,

we obtain _
k(n,— 1) =V 2 G k (M2, /MY N,

The phase of the elastic scatterihg aniplitude changes by 2z over the length

2T
“AO ®E = 10., 4)
, V2 GFP (Z/4) .

(Absorption or the imaginary part of the forward scattermg amplitude can be ;
ignored for low-energy neutrinos.)
Knowing that the length of elastic neutrino-matter interaction is A o We

must estimate the oscillation probability for the neutrino passing through the
matter of thickness L. The probablllty of the elastic v, interaction in the matter

of thlckness Lis

. - P)=1 ?exa(—ln L/IAy. : '(i5) '

/

Then, using formulae (4), (5), we can find the neutrino oscillation. probability
P, (L) at different thickness L. Averaging the expression for neutrino
rr i

oscillation probability [4]over R

sin229vv : .
nvlvl’(R) =1—ﬁ— (1 — COS(?JER/LO))f
L, = 4mk/ A m?, (6)

we obtain -
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Then the oscillation probability P (L) or the mixing anglefat A j = L; will

be defined by the expressnons (for simplicity, then, it is supposed
A = A = A = A)

a) for L comparable with A o

2
P, (L) = M 0, B=6,,; o)
B for very large L, - ’
Aio>sin2;0,‘w -
rr
: sin22ﬂ 1 _ -
P, D)=—F =5 B=3 . ®
c) for intermediate L;
7z =h,®=3 o 6<f=3 O

IfL, = A, o the expressions like (7)—(9) will also hold true but A “should be
replaced by L, and the thlckness of matter will be determmed in umts of L.
Also, since the oscxllatlon length L0 increases with the neutrino momentum (see
(6)), the number of oscillation lengths n = L/ L, fitting in the given thickness L
.decreases with increasing neutrino momentum as, accordingly, the neutrino
oscillation probablllty P (L) does. :

Let us consider in detall the neutrino oscillation probability for intermediate
interaction numbers n. The distribution probablhty of n-fold elastic neutrino
interaction for thickness L whith the mean valuen = L/IA at not very large nis

determmed by the Poisson distribution

f(n, E) = (:?: exp (—n). - (10)

At large n it changes to the Gaussian distribution

exp (—(n — Z)Z/Z%). (11
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' The probablllty of neutrino converswn from v to v, and vl, in n-fold elastic

interaction is determmed by recursnon relatlons
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1 sm220 =
P = ("'>1—(1—ex(b)) +
l l vlvl
1 sm220 /
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If we take b = 2, the term e. bin (11) can be ignored. For mean estimation we
can make use of the fact that ‘

| ﬁ=ff(n, n,n)dn=n. a3

Then the mean probabilities of neutrino oscillation will be

Py, >v) = P(_)

vv’

P, >v,) = P® . a4
l ! )

Now let us make estimations for solar neutrinos. The mean number of elastic

- interactions of electron neutrinos produced in the Sun is

=17-107m, % =
Agyy =17 107m, ng, = 40.

Keeping in (12) the terms of the first order in sin220, we get

P(v,>v,) =1 — 5 5in’20,

B



= Rin?
,,‘P(ve»vﬂ)= 5 Sin 26.
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(19

If we assume that the solar neutrino deficit fesults from neutrino oscillation and
- use the neutrino flux data of the GALLEX experiments [5 ], the standard model

predictions [6] (K = Pexp/ Py oor = 0.7) and formula (14), we get

sin?26 = 1.5 - 1072
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