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Neutrinos commonly exist in nature as a kind of lepton, and are known to have a quite small mass. The main

purpose of this paper is to explain the generation of the self-mass of the neutrino through weak potential interaction.
Neutrinos are treated to be composed of four types of constituent particles, and interaction potentials are produced by
weak electric charge and weak electric dipole moment in Fermi gauge. The matrix properties of momentum introduce
an equivalent time velocity in the potential generation in some cases. This velocity creates neither electric nor magnetic

fields, and generates interaction energy with a scalar field B°. A formulation is given to define electromagnetic self-

energy of neutrino constituents. A calculation example is presented to explain the quite small self-mass of neutrino by

the self-field energy in the weak interaction.
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I. Introduction

Neutrinos commonly exist in nature as a kind of lepton.
In the past decade, some neutrino oscillation experiments”
have indicated that neutrinos own a very small mass. The ex-
periment by our group? suggested that existence of an exter-
nal scalar field B’ makes neutrino to be dissociated, which
may also be the evidence of the small mass of neutrino.
Electroweak theory,>* which unified the electromagnetic and
weak interaction, explained the mass of field bosons success-
fully. However, such theory was not applied to the study of
neutrino structure. Until now, the neutrino structure and mass
generation were not made clear.

A previous work of our group® gave a basic proposed
structure of neutrino in terms of the weak-charge and weak-
dipole moment interaction. It described the motions of neu-
trino and its constituent particles. The mass of the neutrino
was estimated without consideration of antisymmetrization of
wave functions, and mass values were too large to be accepted.

In this paper, following the previous work, we attempt to
explain the generation of the self-mass of the neutrino by re-
vised potential calculations with the antisymmetrization. The
self-mass is ascribed to the self-energy formed in the weak in-
teraction, with which the kinetic mass should agree. Method
of supplying the self-energy to neutrino should also be consis-
tent to the kinetic-mass formulation mechanism.

We follow the Fermi gauge to define a scalar auxiliary field
B° which is useful to give a simple formulation of 4-vector po-
tentials by d’Alembertian. This field may play a certain role
in neutrino kinetic mass. The system having momentums of
7Py and Y°y°y* matrices introduces reversed complex-type
momentums, which work as a momentum in an equivalent
time direction through the unit matrix equivalent to Y°°. We
treat that the equivalent time momentum, i.e. velocity, gen-
erates A°, and in turn, this field contributes to the self-mass
of constituent particles of neutrino. Differing from the pre-
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vious work, in this paper, the interaction-energy-density be-
tween the scalar field B° and equivalent time velocity will be
excluded from the self-energy density in a form of Hamilto-
nian density.

II. Kinetic Mass, Q-0 Interaction, Subspace, and
Matrix Properties

A basic feature of assumptions® is briefly explained. A
neutrino is assumed to consist of four types of constituent
particles, according to the number of basic gamma matrices
v with v=0~3.7 It is postulated that the constituent particles
exist in either positive or negative mass states, i.e. sy, = £1.

The kinetic mass m&" of internal neutrino constituent v is de-
fined as
ki 2 2
my" =5y Y (Puwv) =Y (Puva)” (1)
u [

where pyvv and pyys are momentums of particle v of
vector(V)- and axial-vector(AV)-type motions in U direction
where 1 = 0 ~ 3 indicates ct, x, y and z.

We postulate that constituent particles possess either weak-

~

a 7
N A

Motion Magnetic field

Fig. 1 Magnetic field generated by particles with charge O
and dipole moment Q,.% The two particles are travel-
ing in the z-direction with a left-rotated spiral motion.
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Fig. 2 Kinetic motions of constituent particles of neutrino de-
scribed on common position of particle 1. The position
sharing facilitates the interaction in Fig. 1.

electric charge Q or weak-electric-dipole moment Q;. The
dipole moment Q, is assumed to have a relationship to the
charge: Q,=0Fn/py, where py is the momentum of interest.
The magnetic fields between constituents particles are gener-
ated by Q- Qy pair, as illustrated in Fig. 1, where two par-
ticles having Q and Q, are moving in the z-direction with a
left-rotated spiral motion. From the figure, we can see that
both the magnetic fields generated by Q and Q; have individu-
ally opposite directions in principle. The two particles interact
with each other to reduce magnetic-field energy, so that they
tend to be in an equilibrium state.

In this study, we choose particle 1 to own electric charge Q,
and to serve as the boson in the conventional space U¢ to sup-
ply the basic common motion. Quantities related to particle
1 itself are often specified by the use of la thereafter. Other
particles v=0,2,3 possess the dipole moment Q;, and make
their motion on a common position of particle 1, as shown in
Fig. 2. The transfer matrix U, from conventional U¢ system
to relative systems (subspaces) U" is simply chosen as

YW forv=0,1,3
U, = .
v { W/i

forv=2

Variables with subscript are used for indicating actual real
values. Covariant properties® are expressed by superscripted
variables, which include the imaginary unit i in some cases.
Defining superscripted values of gamma matrix y*=Y, for
u=0~3, and Y’=7; /i, where (y"y*)> = 1 and (’¥’y*)*> =1,
we obtain the complex properties of variables, which are sum-
marized in Table 1.

2

III.

We consider that the V- and AV-potentials propagate
through the flight of V- and AV-photons. The potentials are
treated to travel in the space U¢. All positions and velocities
(or momentums) are expressed in U for the potential genera-
tion and propagation. Suppose that two particles p and o exist
at the same intrinsic time 7, where p takes a particle type in
la+, la—, 0, 2 or 3, and o also stands for one in those. When
potentials propagate from the particle ¢ at position (xﬁv ,xﬁ A)

Potential Generation and Propagation

to that of p at (xgv,xg A) , the square of the difference of po-
sitions is written at the same intrinsic time T by
2 2 2 2
0 0 k 0 _0 k
(xpV —xov) +Z <Xfav —xav> +()CpA—ch)+ Z (pr—x]éA> .
=3 k=13
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Table 1 Super/sub-scripted variables and matrix properties.

AV motion
(8)- G e (B e
x"‘,v xkﬁvv/i ’ X]‘(/A Xk,vA ’
p(\)/V ) — (Po‘vv ) " (P(\)/A ) — ( ipo.vA ) "
(P]\(/V pew )’ ' PI‘(/A ipkva )’ rrY

A%\ (A " <A3A ) - (AM )
(AI\{/V ) - (Ak,VV > ) 'J/)y Al‘clA - iAk,VA ) )ﬂyjyu
B'=—Y 0A/oxH, 1 B'=—Y 0AH /oxH, —p

V motion

By the use of either retarded or advanced time T'=7+¢, po-
tentials arrive at the position x, at T under the condition of

2 2 2 2
0 0 k Ik 0 10 k Ik
chv_xav)*(xpv_xov) + <pr_x0'A>+ (pr_xaA> =0,
where dashed values indicate the positions at 7’. Introduction
of a spatial distance dy and a field-traveling time one x?(f d

(X=V or A) changes the equation into

2 0fd __ _j0fd
dy = \/ (px—x) = pJ;( _x'(,é(, (3)
where
2 2
ofd _/0fd _ 0 0 0 /0 2
Apx “Xox = \/_(xpv _xlav) _(pr—xi;A)_(pr" —x/cxc) )
. A for X =V
¢ _
X_{VforX:A , “@)
In actual calculation, only increments 8x2§(d and Jx’ %g are
meaningful instead of ng(d and x’g’;(d themselves. Variation

of the effective-time increment axg')’;d at the arrival position is
followed by the change in the potential generation position on
the basis of eq.(3) as
(dx) ™! (Xpx—XGx) - (_3xlax/ 3X/<(;)§d2 axg;d:ax
The relativistic time ratio ax’f,’){d /9x,
0 fd
axw{ B 1
0fd — _ d\
Oxpx! 1= (@)™ (xpx—x) (9 /2K
The potential propagating from the source to observation point
needs to be multiplied by this ratio. When differentiation by

c7 is expressed by “dot” on symbols, the value dx/y / 8x’£§d

leads to Xy /x’g){d, which stands for the spatial velocity of
neutrino constituents with regards to the field-traveling time.

We follow the matrix-type definition in Table 1. For ex-
ample, momentum pffx, where X=V or A, owns the matrix
property of Y’y* for the V-type and y°y°y* for AV-type. We
take that the total weak charge of neutrino system equals the
charge e of electromagnetic interaction. For particle v, there-
fore, we adopt the charge Q=em, / ¥, my, and the dipole mo-
ment Q;=QF/py, where ii/py is the de Broglie wave length
on spatial momentum for particle v. In this study, the polari-
ties of Q and Q, are always taken to be fixed, and their vari-
ation in function is considered by means of apparent velocity
Bly=p'x/Imy|. The apparent velocity includes the mass in-
formation such as s’@’einA, where s/ is the mass polarity of
+1 and ¢4 indicates asymmetry® assumed for U¢ part (Vb
in Fig.2) of particle v. The charge and moment are considered
as the scalar values. The matrix type of A; to be generated is
treated as either Y"y*, or Y°7°y* in accordance with the matrix
property of momentum.

0 fd

pX
{(d becomes to
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1. Potentials by Q, motion

The Lagrangian density Ly is constructed at an intrinsic
time 7. The density Ly is considered to have basically the
same form for both X=V and A. There is a difference in poten-
tial treatment between sources of Q; and Q. The basic part of
the Lagrangian density L,y is common for potential sources
of Q4 and Q and described as

EXEX

T 1 k pk 0
Lpusx= ByBy—B\B
basx Z“OCZ c ¢ kzl

where simple subscripts are utilized here: dx}y |y—r = Ixky

u
) ﬁBOZ M

“’7
Ho n= 0~3‘9 Xvx

and dxty |u—o = 8x3{(d as defined above. We adopt the Fermi
gauge for introduction of the scalar auxiliary field B° in the
above Lagrangian density. The scalar field B° acquires the
meaning of the electric/magnetic-like field in the time direc-
tion. The potential generated by dipole moment Q, is de-
scribed by the basic Lagrangian density minum interaction
terms Vg, x as

Zde = Lpasx — Vouxs (6)
where
Vo,x = Qux pvxcBlxBY + Qaxpvxe Z Bix B,
k=1~3
Qav = Qu/i, Qaar = Qu, (7
va 0, ﬁvv —vav\/a BVA =sy(1 *5kr<v)7g\(/aAv
A 0 forebva=—1
0 — 2 rev rev )
BVA \/( ) ‘HC k;ﬁxv( ) XVA {1 /2 for e'CVA:i

The symbol pyx stands for the spatial particle density, K, =
0,3,2 for particles v = 0,2, 3, respectively.®’ The symbolic ex-
pression of velocity is written as &, = s7ik . We discrimi-
nate 3%, of normal complex type from B,y having reversed
complex type.® When By appears, its root-squared-sum

changes the matrix type into unit one through (y7* )2 =1, and
accordingly makes an equivalent normal complex type time
velocity B0y. As in eq.(7), the product of % and B} gen-
erates the interaction energy in the equivalent time direction.
For the V-type, ﬁex has no normal complex type value, and
is incapable of producing potential in the time direction. It
is noted that ﬁvx in the AV-type retains the matrix of y° as
an exceptional treatment. That is, we consider that the root-
squared-sum operation deletes only the matrix properties of

P¥* with (J/Oy"‘ )2 =1 in original matrix properties of Y0y°1*
in 8" and y° remains outside the root.

The conventional procedure on partial differentiation of the
Lagrangian density defines the scalar field as
¥ dALy
n=0~3 a

BY — o Qax Prx By - 8)

Use of this relation s1mpliﬁes the potential propagation equa-
tion. The time-component and spatial parts of 4-vector poten-
tials are given by

DXA%:_FLO% (QdXPvXCﬁgx) )

. )
OxAx=—uoVxx(QaxpvxcBx) —toVx (deva Cﬁgx) )
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where [y is d’Alembertian working with position variables

x’\fx, and the rotation Vx x and gradient Vx operators apply to

variables of x"‘,X. It is noted that x?/x in this context denotes
0fd - . .

x,x in the potential propagation.

Through the function of magnetic moment, the spatial ve-
locity B,y in eq. (9) generates a regular vector potential com-
ponent, which is written as AY"*. Besides this component,
the velocity )y produces another potential component, i.e.,
A% in A% with description of A=A} +A%. Use of a scalar
function £ expresses A as

d
Oty
£0 R0

Ox Fy = HoQax PvcPyx- (10)

Since Vy x (VxFY) =0, it gives Vx x Axy=By = 0: By
generates no magnetic field at all.

In addition, introduction of Fy® into Ay® description
makes the calculation straight-forward as

A 50
AX__ FX)

Areg Vx F;(eg
OxF® = —poQux pveP x - (11)

2. Potentials by Q motion

The charge-type potential generation is applied on particle
lax of V and AV-type, and particle 2 of AV-type with oppo-
site mass factor e/4=—1 in U¢ motion (2b in Fig.2).® The
Lagrangian density is written as

ZQX = Lpasx — Vox, (12)
with
Vox = QuxpvxcBix B + Opvxc ) BixAx,
k=1~3
sT ik \/ (x3a )2
By =0, va—{ G Wl (13)
()

k — SlaﬁIAn n()r__l 2
ﬁvA {‘931(1_6](3)()(%)%/514) » X2A / 9
where © = %1 stands for particles +1a and 33V is set at zero
for V-motion. The scalar field and 4-vector potentials are
again given by

y (14)
n=0~3
and
0__ ;4.0 R0
DXA - nu’Oax(‘)/X (QprVXC[))vX> ’ (15)

OxAx=—poQpvxcP,x—toVx (QdX Pvxc 38}() .

The V-motion of particle 1a makes A?av = 0. Particle la
with charge Q produces the scalar field B° in both V- and AV-
types through eq. (14).

3. Hamiltonian

The form of Hamiltonian density He,m x for the weak elec-
tromagnetic field is derived from the Lagrangian density, al-
though actual potential calculation is made by egs. (8),(9),
(14) and (15). The canonical conjugate momentums are ex-
pressed by
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where X=V or A. These give the Hamiltonian density for
dipole-moment and charge type interactions as

~ &A“ -
Hem,X = ﬂx a 0 _Lem,X (17)
n=0~3
1 EX (Ek 8A°> ok« & @ 0A
+ BiBAHBY- B, —2=X
2“0 kZI% o kZI~%X e oxy

QdXPvXC Z ﬁvak

+ depvxcﬁ\(/)xég(—’_ Opvx C Z ﬁXAk 7
v

where the Hamiltonian density is composed of the field-
energy-density and interaction-energy-density terms. The first
one indicates the self-field energy density. The interaction be-
tween the scalar field B° and equivalent time velocity B is
included in the interaction-energy-density term for the logical
consistency. This treatment is different from that in the pre-
vious work.” The spatial integral of the field-energy density
on the particle location is considered to serve as the self-mass,
and the kinetic motion of the neutrino constituents should take
place to reproduce this self-mass.

IV. Test Calculation Result for Neutrino Mass

Table 2 Calculation example of constituent mass in units of
eV for neutrino total energy 1 MeV.

case 1 case 2
mass#1 1.54 x 10? 1.39 x 102
mass#0 3.65 x 10? —3.47 x 102
mass#2 —3.67 x 102 3.49 x 102
mass#3 2.00 x 10° —1.80x 10°
total mass 1.5 x 102 1.4 x 102
total mass(obs.) 2.4x1072 1.9x 1072

The electromagnetic field energies in the particle region by
eq. (17) serve as self-mass. A test calculation result of neu-
trino constituent mass is listed in Table 2, where the aver-
age radius of positive motion of particle la was commonly
set at a typical value of 10° fm. Constituent mass values
were searched by Monte Carlo method taking antisymmetriza-
tion of wave functions into consideration. The total kinetic
mass is chosen to be the same as the weak-electromagnetic
self-energy of the neutrino system. If individual-constituent
masses in Table 2 are factored by the ratio of total mass to
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total energy, they are converted into the values in actual ob-
servation. The sum of converted values gives a total observed
mass below eV level as shown in the lowest line in the table.
General calculation with possibly less number of approxima-
tions will lead to a more realistic neutrino mass.

V. Conclusion

A neutrino is assumed to consist of four types of con-
stituent particles, and interaction potentials are generated by

weak charge and weak dipole moment in the Fermi gauge.
The system has momentums with matrix property of Y*y* and

1Yy v#. When reversed complex-type velocities appear, they
are converted into a value by root-squared-sum. The root-
squared-sum of Y’y* changes the matrix type into unit one,
and make the equivalent time velocity :Bvx This equivalent
velocity generates no magnetic field at all, but the product of
the velocity ﬁvx and scalar field B® produces the interaction
energy in the equivalent time direction. This interaction is ex-
cluded from the field-energy density, which should work as
the self-energy to be consistent with the kinetic mass. A test
calculation gave a neutrino mass below eV level.
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