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The neutrino oscillations in the v, scattering processes are examined. It is shown
that the neutrino oscillations in the Weinberg-Salam model effectively increase the
cross section for v, e scattering and decrease the cross section for v, e scattering.

PACS numbers: 13.10. + q, 13.15. + g, 14.60.Gh, 12.30. —s

Experimental evidence for the existence of a neutrino rest mass' and neutrino
oscillations™ has been reported recently. The general case of a neutrino mass matrix
was examined in Refs. 4 and 5, with allowance for various mixing of the neutrino
states, including the CP-violating effects. The purpose of this paper is to analyze the
neutrino oscillations® in the experimental study of ve scattering.

The scattering of v, by electrons is determined by the superposition of charged
and neutral currents, whereas the v;e scattering (i7#e) proceeds only via the neutral
currents. At sin’d,, ~1/4 the cross section for scattering due to neutral currents is
much smaller than that for v, e scattering., This difference, in particular, gives rise to
the fact that the v, <v, oscillations effectively increase the cross section for v, e scat-
tering and decrease the cross section for v, e scattering. Because of this, a study of the
ve scattering may be an effective way to look for neutrino oscillations.

We shall assume that only left-handed neutrinos, which satisfy the equation
_1+7
T2
tude for scattering of the ith kind of neutrinos by an electron (i = eu,7,...). These
neutrinos v;, which do not have a specific mass, are superpositions of the diagonal
states which we denote by v, (in general, when the mass Lagrangian contains both the
Dirac and the Majorana masses 4 = 1,..., 2N for N kinds of charged leptons):

v, v, , participate in the weak interactions. Let us denote by 4, the ampli-
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v

vip =% Viavar (1)

The amplitudes for the scattering processes of diagonal neutrinos by an electron
v, e—vge apparently are

Agp = T UE; 4 Uig - 2)

Since the neutrinos cannot be recorded in the final states in the cases of interest to
us, we must sum over the different B = 1, ..., 2N in the calculation of the probability of
the process. The original state of neutrinos in the scattering processes, however, is a
coherent superposition of the diagonal states of v,, which is determined by the U
matrix, by the masses m, of the diagonal states, and by the distance from the source L.
Let us assume that a neutrino of the ith kind is produced in the source. The original
state, therefore, is characterized by a superposition

m{24 L

N B
% UIA vqe = Y C]A Vgq- (3)

-1

Henceforth the index j will denote the neutrinos produced in the source (j = e,u,7,...).
The cross section for v,e scattering at a distance L from the source is

*
o(uje) = E,C C]-AC]‘C GAC 4)
where

* *
oac =S % Agphcpdr = [2 U | 417U 4dr

Jdr is the integral over the phase volume. Finally, taking Eq. (3) into account, we
obtain

a(vie)=§ w(j-i)o, . (5)

Here w(j—) is the transition probability of a jth type neutrino to an ith type:

miL

2E l 2
’

i

and o, = (|4,%dr.

For numerical estimates, we shall consider two types of neutrinos (v,,v, ), disre-
garding the oscillations v,<>v, and v, <v,. The cross section for scattering of v, by
an electron in this case is

a(vﬂe) =w(y-’e)o(”(vee)+w(p—»p)a(°)(vuc‘), (7)
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where 0*®(v, ,€) is the cross section for scattering of neutrinos by an electron without
oscillations. In the Weinberg-Salam model, for example, (for E, »m,)

a(v“e) = w(yae}[(2§+l)2+ -%—(25)2]
. 1 szeEv
+ wlp > {(26-4)%._3_(2,92} —

where £ = sin’0,,,. We note that in general w{u—e) + w(u—u)# 1, because of transi-
tions to the sterile states.” In the purely Dirac or Majorona case the sum is equal to
unity. Thus,

(m2 = m2)L

v ’ )

wip-»e)= sin229 sin?

w(p.»/.t) =l-w(p-e,

where 6 is the angle of mixing. Clearly, the maximum oscillations occur at 8 = 45°;
moreover,

oly, e) o) v e)
pmax _ e - 6.1 (10)
ateX V#e)

0'(V#e)

min

for sin?6,, = 0.23.

If the oscillator multiplier is averaged for any reason (because of a broad neutrino
spectrum or because of large dimensions of the source or thie detector), then we can
expect that
' 4 (o) )

= > = .

U(V#c) < o (V# e) 3.50 (V#e
for @ =45°. In general, when there are oscillations between N types of neutrinos
{N>2), and also in the case of transitions to the sterile states, the effective enhance-

ment factor of the averaged cross section for v, e scattering is smaller than that in the
case considered above.

The effects discussed by us should also appear in the v,e cross section. In this
case, however, an opposite effect is apparently produced, i.e., the o{v,e) cross section is
effectively reduced.

The oscillation amplitude of the cross section is smaller in the scattering of antin-
eutrinos and the ratio of{ve),,,, /o(Ve);, ~3 for sin’4,, = 0.23.

Thus, the oscillation effects v, Av, should manifest themselves more clearly in
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the v, e scattering processes. Since the known experimental data apparently do not
allow us to draw an unambiguous conclusion whether or not there are such oscilla-
tions, an investigation of such processes is highly desirable.

We note that at high energy the oscillation effects ¥, A ¥, may lead to the inelas-
tic scattering processes ve— hadrons (Ref. 7) in the ¥, beams:
v,V .V, e—7 1,37KK,... . '
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