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Experimental data of neutrino oscillation have been obtained for electron antineutrinos from nuclear reactors
in recent years. The experimental data have been successfully analyzed by assuming that the oscillation
phenomenon is expressed by mixing angle 6;; and squared eigen neutrino mass difference Amizj. It is of
interest to explain the phenomena from another point of view. We attempted to find the neutrino internal
motion that is consistent to the standard theory for weak interaction. As a test of internal constituent motion,
the time evolution of internal particles was calculated. It was found that the oscillation length of 100 km level
was explainable without use of Amizj. A discussion was provided about possible existence of additional

constituent in the neutrino system.
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1. Introduction

Nuclear reactors emit a great number of electron
antineutrinos (~10?! [s!'] for typical 1IGW-PWR). The
standard theory for electroweak interaction contains two
important features: (1) Potential interaction in group
theory of U(1) X SU(2) frame [1-3], and (2) Higgs
field for mass generation and use of massive weak
bosons [4,5]. The standard theory has been successfully
applied to description of many weak interaction
reactions [6].

In recent years, experimental data of neutrino
oscillation for electron antineutrinos from nuclear
reactors have been obtained, following to atmospheric
and accelerator neutrino experiments. Experimental data
on electron neutrinos are analyzed on the basis of PMNS
matrix [7,8]: flavor eigen state is expressed by mixing
angle 6;; and intrinsic neutrino mass state m;. The
KamLAND collaboration for electron antineutrino
provided Am3, ~ 7.5 x 107 eV2, giving an oscillation
length of L= (m/1.27)E/Am%; ~ 100km for
neutrino energy E = 3 MeV [9]. Meanwhile, recent
Daya-Bay, Reno, and D-Chooz collaborations presented
Am3; ~ 2.45%x 1073 eV? and L ~ 3 km for the same
energy [9].

It is noted that the neutrino is treated as a single
structure-less particle in both treatments for neutrino
interaction cross sections and neutrino oscillations. The
experimental results on neutrino oscillation are supposed
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to contain some information on internal motion, but no
investigation has been made from this point of view.

We attempt to find the neutrino internal motion,
which predicts the oscillation length in a manner being
consistent to the above two features of (1) and (2). Our
group previously took experimental data near nuclear
reactor core [10]. The data are not explained by the
standard theory at all. For this reason, we will further
discuss about possible inclusion of an additional
constituent, to which the reaction mechanism for the
experimental data may be ascribed.

2. Proposed internal constituent motion being
consistent to electroweak theory

The standard theory includes two dominant features
(1) and (2) described above. For the potential interaction
(1), the Weinberg angle 6, determines the relative
strength of U(1) and SU(2) interactions in an overall
manner. Use of sin?8,, = 0.231[6] gives coupling
constant g =e/cosfy, = 1.14e for U(l) for
directional hypercharge Y interaction, and g’ =
e/sinf,, = 2.08e for SU(2) for rotational interaction.
Since internal constituents should follow Dirac-type
Equation with Vector (V) and Axial Vector (AV)
matrices, they are possible to own either positive or
negative mass. If the hypercharge works with exactly the
same size of e, it is natural for neutrino constituents to
have two hypercharges and three hypercharge moments
with mixed
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Table 1. Assignment of integer number of e to be
consistent to coupling constants with Weinberg angle 0y,.
Hypercharge Moment type
type SU2), o
u), Y g'=2.08e <3e
g=1.14e <2e
Positive mass e re’ e
Negative mass ' é, "\é ,

mass polarity. The situation is explained in Table 1.
Existence of mixed polarity charge reduces the effective
number of hypercharge and hypercharge moment in the
electroweak theory.

The feature (2) is related to the covariant properties of
momentum and potential in the Dirac-type equation. The
constituent mass m, is obtained as eigen value of a
resultant overall 4 X 4 matrix. Time-direction momenta
in V- and AV-types should be canceled out to produce a
scalar value of mass. We assume that 4 X 4 gamma
matrix YV retains the function of transforming
four-momenta in a conventional space U¢ into those in
its own special space UY. We consider four types of
constituent particles v =0 — 3 corresponding to four
basic gamma matrices y°~3. When the gamma matrix
y"¥ converts momentum p# from space U¢ to U, one
of momenta p*v at U€ is converted into
time-directional momentum p°Cv) at UV ; k, =
0,3,3,2 for v=20,1,2,3. For wusual -electromagnetic
system, auxiliary field By = —d,xA%x (X=V or A) is
defined [11], but such field generates no actual energy
by coupling with specified velocity and leads to no
effect to potential interaction. The k, —direction
potential in AV type is assigned to have the time-like
property, and to produce a reversed-type auxiliary field
Breva = —ia,cv‘AAg(K") . Since Bpeys couples with
thex, —direction motion even in U€, it produces an
actual energy, which should work as neutrino constituent
mass as explained later. Since the field Bieya is defined
in the frame of U(1) X SU(2), it works as Higgs-like
mass-generation field.

As for the oscillation length, the internal constituents
are considered to be bound and move around the center
of mass of neutrino system in an oscillational manner.

The basic formulation for internal constituent motion
is given as follows. The Lagrangian density of the
system is written by the sum of individual constituents v
as

L= z L,
l/)v{(ly Dqu) + Y (lyuDuAv) mV}km
{_ un’,VvFlm/4 + (BVV) /2 + BVVa Agv}

+H{—FunavFhy /4 + (Bay)?/2 + BAvauAﬁv}

potV

potA
Du,Vv = au,Vv + QviAu,Vv
D — {au,Av + QviAustKV,Av u * Ky
AV aKV,AV + deviBrevAv u=r,’

where Feynman gauge is adopted, and d, is a
characteristic length of constituent v. The eigenvalue in
the above kinetic term with regards to gamma matrices
produces a kinetic mass m,. It is noted that (p,» —
devBrevAv)2 is Separated into (pzz)z"_(devBrevAv)z
due to difference in real and imaginary values. Since the
time component in UV requests that p& - QVAC“’, is
treated to be canceled out with p,” in a squared form of
the same covariant quantity, the remaining part of
squared mass (m,)? meets

(mv)z (Q d BrevAv/l) - (Q d BrevAv) .
Difference between V and AV field energy terms in
L, gives the magnetic field energy in AV spin, i.e.

self-energy E;P™. Therefore, m, should be equal to
E;"™. The two energies in £, need to satisfy
spm
|m,| = Av . 1

Dirac-type Equation is given for each constituent v as

{(iyuDu,Vv) + Vs(iyuDu,Av) - mv}lpv =0
The mass m, is taken to have time-directional gamma
matrix and be substituted by yomv in actual calculation.
The value of m, is given as eigen value for 4 X 4
matrix defined by the above equation. The total mass is
given by linear sum as

m, = ¥, m,. )
The value m, is mass with plus or minus polarity for
linear expression by Dirac-type equation. The
hypercharge of constituent v is given for potential
interaction in the linear system by

Q, = em, /ms.
Dirac-type equation produces motion of separately
moving multibody constituents like electrons in an atom.
However, neutrino system mass is considered to be
concentrated as if it is one body. For this reason,

(me)? = X, (m)? ©)
where mit is intrinsic mass with either real or pure
imaginary quantity. The relation m, = (mi")?/m,
keeps the consistency between Egs. (2) and (3). Eq. (3)
gives

. . . . 1/2
= {Z (M2 (3, yy X, — X, Avxl./;v)}

w1th relat1v1stlc relation %, vy X4, — X ay¥ay = 1. One
can see that the whole V motion takes a role of time
motion, while AV movement works as space-like
motion. Total energy E is constructed by correcting mass
polarity as well as V and AV polarity in the above as

[ (phy — eAt) (P, — eAvy) |
+(pk$Kv _ k#xv)(pk#cv k#cv)

+(p ) + (Q d BrevAv)
After momentum pk, is converted into pf,p=
(ms/E)p%, for the canonical conjugate momentum for
total energy, the expression serves as Hamiltonian.

The constituent motions are derived from canonical
equations according to usual procedure. In the
calculation, Lagrange multiplier method is utilized: the
relativistic relation is explicitly imposed by

1/2

ms

EZva_v

“)
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Figure 1. Potential interaction through momentum transfer
Q§=V,Av between two particles v and 7.

/11(/1){561\;1/5661/ - xkvxxv - 1}k:xv p (5)
Koy ©)
Potential propagator in the case of O to Q interaction is
assumed to be simply written by
1 1
Q, = em,/mg and q’\gq,\; - ngg =mym,

where mg is again the total mass of neutrino system.
The Feynman graph is shown in Figure 1 for potential
propagation. The product of mass mg and coefficient
/1,(,1) is considered to be close to Z° mass.

@)k ok ko ok
A, {xwxw - xAvav}

3. Calculation example

The motion of constituents was calculated during
variation of the intrinsic time c¢7 (fm) which was set on
the neutrino system. The canonical equation was solved
for the Hamiltonian expressing the total energy in Eq.
(4). During time evolution, constituent masses are
determined self-consistently to meet Eq. (1). The
original Lagrangian density £, indicates that the V and
AV motions work as time and spatial movements as a
whole. However, no implicit relation guaranties that the
neutrino system continuously flies with almost complete
light velocity. The Lagrange multipliers /11(,1) and /1,(,2)
are determined to make the brackets of Egs. (5) and (6)
zero. We found that achievement of the relativistic
relation requires quite large values of the order of
/1,(,1)~1015: The products ms/lg,l) reaches about 100
GeV of Z°boson mass [6]. For this reason, we simply
set at /11(,1) = myo/m.

In actual calculation, the initial positions of
constituents were taken to all reside on the z axis for
simplicity. The positions and velocities as well as
masses were random sampled at ¢t = 0.

As reference values of masses, a principal constituent
particle 1 of hypercharge type was set to have Compton
length A, =1/ |m{,"=tl| for the purpose of reproducing
oscillation length of 3 km for 3 MeV neutrino.

Two types of calculation examples are listed in Table
2 for individual constituents. In the table, particles +1
and 0 in case 1 reside in the positive mass state, and they
change into the negative one in case 2. Similarly,
particles —1 and 2 in the negative mass state in case 1
vary into the positive one in case 2.

Two examples are presented in Figure 2 for positions
in time evolution. The motions in case 1 stably continue

from ¢t = —3000 to 3000 fm. Beyond this range, the
solution gets unstable and jumps to another state. The
range corresponds to a flight length of 110 km. However,
in case 2, the duration was stable from —2000 to 2000 fm.
The stable duration range depends to some extent on

initial value of /1,(,2).

One can see that the constituents move basically in
reversed direction in cases 1 and 2. Therefore, they take
vibration motion around the moving center of mass. The
motions of two cases are considered to constitute
vibration motion, where mass polarity varies according
to velocity change. The oscillation length is 91.5 km in
average for the example.

Table 2. Examples of two solutions (cases 1 and 2). V- and
AV-wave functions are assigned orthogonally with
antisymmetrization by two spherical harmonics. The radial
function takes a Gaussian form with radial standard deviation
parameter.

Case 1 (motion in original direction around c.m.)
1 0 3

Positive  Transform. yV y Y y
mass state Particle no. +1 0 3
(Helic—) Spher. Harmo. vy 1&v;2 v '&Y, ! VL&YY
Negative Transform. yV y! 2

mass state Particle no. -1 2

(Helic.+) Spher. Harmo. Y,}&Y? Y&V}

Case 2 (basically in reversed direction around c.m.)
1 2 3

Positive  Transform. yV y Y y
mass state Particle no. +1 2 3
(Helic—) Spher. Harmo. Y, 1&Y;2 vy 1&Y, ' VL&Y
Negative Transform. yV yt y°
mass state Particle no. -1 0
(Helic.+) Spher. Harmo. Y,}&Y? Y&V}
Particle no. +1 0/2 3
|mint| (mev) 8.88 6.59 0.0902
Radius (10°fm) 2.48 3.83 304
4.E+08 |
2 2E+08 | casel | —>no=l
LC C ".M nOZO
g 0.E+00 - y . no=3
& -2.E+08 F no=1
C - > no=2
B R —
-2.E+05 0.E+00 2.E+05
y-ycm (fm)
3.E+08 > no=
2E+08 | case 2 nom
~ : S —
E 1E+08 | % no=2
~ —
g 0.E+00 f no=3
N -LE+08 7/ no=-1
N
-2.E+08 - &> no=0
-3.E+08 L L
-1.5E+06 -5.0E+05 5.0E+05 1.5E+06
y-ycm (fm)

Figure 2.  Examples of calculated internal motion of
constituents in cases 1 and 2.
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4. Discussion on additional constituent particle

The above allocation of internal constituents is
understood to present a basic assignment. There may be
another allocation, which includes an additional negative
particle as a balanced mass distribution. The assignment
is listed in Table 3. The generation of additional particle
realizes three positive and three negative mass states,
and accordingly reduces the total mass mg,. The
additional particle (called no. 4) should have zero
angular momentum, being admitted to have orbital (V
and AV) angular momentum —1/2 and spin 1/2 in
z-direction.

Since four gamma matrices were already utilized, the
particle 4 is free from  imposition  of
momentum-transformation gamma matrix and resides
only in conventional space U°. For this reason, the
particle is capable of neither generating nor receiving
BY,, 4 to/from other particles. For the particle spherical
harmonic function YL&Y; ™!, the effective values of V
and AV angular momenta [ are both —1/4. The I =
—1/4 in AV type state is acceptable as negative mass
state, since the z-motion of hypercharge-type particle
—1 generates potential in time direction, and is
inhibited from making interaction with particle 4 with
I = —1/4. Therefore the spin of particle 4 should work
as V type, instead of AV type. When the neutrino travels
in an external V-type magnetic field like interplanetary
magnetic field and geomagnetic one, the V type spin is
capable of stably coupling with the magnetic field.

Since the particle 4 behaves differently from other
constituents due to insusceptibility to B, , the
additional particle may readily either disappear or
separated due to external potential disturbance like
B%,s- The experimental results by  small
electrochemical detector are supposed to be caused by
incidence of such neutrinos (environmental neutrinos). It
is considered to be possible for the additional particle
with V-type spin to be dropped from the substantial part
of neutrino and to couple with electron in water solution
to make an electron with bosonic feature.

Table 3. Example of solution containing additional internal
constituent particle.

Case 1 (motion in original direction around c.m.)
1 0 3

Transform. yV y y Y
Positive Particle no. +1 0 3
mass state  Spher. Harmo. v, 1&Y, 2 v 1&Y, ! y10 &y20
Helicity — - —
Transform. yV yl y? Spin L_V
Negative  Particle no. -1 2 4
mass state  Spher. Harmo.  Y}&Y7? Y&V}  YP&Yy!
Helicity + + —
Particle no. +1 0/2 3 4
|mint|(mev)  9.09 5.82 0.0880  0.0656

5. Conclusion

We proposed the internal constituent motion of
electron neutrino, which was taken to be consistent with
theU(1) X SU(2) frame of sin%?8,, = 0.231. The
imposition of momentum transformation function to
gamma matrices explained the existence of reversed
type of auxiliary field. The field creates the constituent
kinetic mass, which equals the spin magnetic energy.
The mass was utilized in potential propagator, and was
considered to work as a potential creating boson. Its
product with Lagrange multipliers explained the heavy
weak boson mass, like Z°. Numerical calculation
demonstrated oscillation length around 100 km with two
forward and backward motions around the center of
mass. Discussion was made on possibility of creation
additiojmhy6nal constituent with V-type spin. Such
neutrino may exist in nature as environmental neutrino,
and readily causes additional reaction with other
materials.
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