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Abstract

The neutrino structure has been studied with three majompssas for
constituent particles: (1) Weak charge is capable of working weak dipole
moment and the electromagnetic self-energy in the Fermiegptapuces the
neutrino mass, (2) motions of neutrino constituent particleg@rerned in two
separate ways by extended Dirac and extended Klein-Gordon etpati (3)
the neutrino system has impliciinternal subspaces that give constraints on
kinetic motions and potential interactions. So-called vectat axial-vector
movements play a role of time and spatial motions, respectiaety generate
the individual potential propagations at the same time. The rgehalation for
operators of constituent motions explains the creation ofifigifier spin as
well as a periodical vibration motion.
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1. Introduction

Neutrinos and electrons commonly exist in naturd are classified into the same group of
leptorP. Neutrinos have a half-integer spin in the retdadirection. They are treated to make the
weak interaction of vector(V) and axial-vector(Af)pes), and supposed to own a quite small
mas$). Quantum mechanics allots quantized integer angadementums to particle orbital motions.
The half-integer spin seems to come from a solaigtd internal motion of constituent particles.
Electroweak theo? unified the electromagnetic and weak interactang explained the mass of
field bosons. However, such theory was not appledhe neutrino structure, and the neutrino
structure and mass generation were not made ¢ldarinteresting to consider that a neutrino is
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composed of constituent particles, and they haveand AV-type motions with some special
degrees of freedom, which has not been establisbéddr. In this study, we attempt to explain the
origin of the small neutrino mass as well as thH&ihgeger spin in the restricted direction.

For covariant treatment of electromagnetic fieldtrfii (Feynman) gaufeis established by the
use of auxiliary field B°. The auxiliary field may take an essential rolginducing the neutrino
mass. The auxiliary field will be coupled with oo constituent motions with bold
assumptions. A discussion will be presented onxéereal auxiliary field. Existence of the external
auxiliary field may make a neutrino to be dissamiatThis reaction may be useful for engineering
purposes of making use of the weak interactionggnier future.

The internal motion of constituents in neutrino teys is proposed by making several
assumptions. (1) Interaction potentials are geadray weak charge and weak dipole moment in
the Fermi gauge, (2) motions of neutrino constitymarticles are basically governed by an Dirac
and Klein-Gordon equatiofisin an extended manner, and (3) the neutrino systasn internal
subspaces for kinetic motions which are differeatf the conventional space. At first, the internal
motions are considered to be governed by both W-Afpotentials, and then the potential matrix
types are revised to produce the neutrino massighrthe potential interaction.

2. Weak-Electric Dipole Moment as Original Potential Source

In the conventional treatment for particles likeras, the electromagnetic interaction is caused
by the electric chargee that serves as a potential source. The electroatimgsystem possesses
the spin with up- and down-degrees of freedom ientation. When such a potential source is
simply replaced by a weak-electric char§@, it is supposed to be impossible to explain the
experimental fact that neutrino has the restrisggd orientation.

We postulate that the weak-electric chard@ has the feature of working as a
weak-electric-dipole momen€),, so that this moment may play an important roléni potential
interaction as a counterpart of the charge. Theoldipnoment Q; is assumed to have a
relationship with the weak-electric chard® through a specified length. It is natural for the
Compton wavelengthi / mc to serve as this lengthQ = Q,mc/#% where M is the mass of
neutrino. The weak-electric dipole momef}; works as a magnetic momer{,VQ, for a
particle moving with velocityv. Thereafter,Q and Q, are called briefly the electric charge
and the dipole moment, respectively. The weak-Bteand weak-magnetic fields are also simply
designated as the electric and the magnetic oesgectively.

The basic interaction betwee® and Q, is supposed to take place as illustratedimp 1,
where two particles havind) and Q, are moving in the z-direction with a left-rotatsgliral
motion. The velocityV, of Q, generates the magnetic field of dipole tyBiVZQd) as shown
in the upper side by dashed curves. This magnelit s expected to be compensated by the field
B(V(ﬂQ), which is drawn in the lower side by solid curbesng created by the rotational velocity
V, of Q. Meanwhile, the circular magnetic fieIB(V¢Qd) is produced by the velocity, of
the dipole momer®,, and is cancelled by that in the reversed directB(VZQ) formed by V,
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of the chargeQ. Thus, both the magnetic fields generated@y and Q have individually the
opposite directions in principle. The two particieseract with each other to have the reduced
magnetic-field energy, so that they may be in #meeistable or equilibrium state.

Figure 1 is based on the left-rotated motions, and thecitds of straight motions are in the
same direction. This situation is expected to hitedufor the basic internal motion of constituent
particles. However, the sum of angular momentunts ¢ggher in this case. We need some
mechanism for reducing the total angular momentémmass-polarity configuration will be
introduced later, which includes particles of nagatass states.

Motion Magnetic field
Fig. 1 Magnetic field generated by particles with electric cha@e and dipole

moment Qd. The two particles are traveling in the z-direction withfarigtated spiral

motion.

3.  Reduced Mass, Extended Dirac Equation and Related Definitions

In this study, covariant quantitsire expressed by variables with use of the imaginait i .
Variables with subscript indicate actual real valu€ovariant properties are expressed by
superscripted variables, which include the imaginanit | in some cases.

The Dirac equation utilizes four gamma matricesjof with vV =0~3% A neutrino is assumed
to consist of four types of constituent particlascording to the number of the basic gamma
matrices. It is postulated, at first, that the ditaent particles exist in either real or imaginangass
states. The mass of internal particle in the imaiginmass state is expressed tm:/”t in terms of a
real value m™. Accordingly, the square of imaginary mass is esped by(imivm)2 = SL"(miVm)2

14

with §" =-1, while that of real mass bym"™)? = §"'(m™)? with g =+1. The total mass

M. of neutrino is taken to be positive, and is writtey (m,)* = i"|ms|2 with §" =+1. The
total mass M. is defined by motions with internal masses as
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\/ZSL"Z i) (1)

where the velocityX!' of constituent particleV is defined classically asd/d(CT/i) by the
real value of intrinsic time7T of the system. Eq. (1) gives a classical momerdgfim

=Tl fx(Seghenf| - 2ebrbes 2o
Jsra = s P i @

The bracket in the left-hand side in eq. (2) cargaio imaginary value: Adoption of a reduced

mass of ( '”t) /|ms| with the polarity S1/m enables us to use the real quantity of equivalent
mass for the momentum. It is useful to reconstaert(1) in a linear form, taking the equivalent
mass into account. The assumption of the relaitviglationship of Z()’(If‘)2 =1 changes the
square of eq. (1) into

int \# int |
oy =35 LT of SeF =iz e [ ) e
v i my “ v w my
=mY s S mPES . withm, = @) m],
v U
where M, becomes positive. Division of this equation bm gives
m=m)*Im|=s"m|= 35" [ (m Pl ] = S gm . ®)
v u v=0~3

Thus, the original real and imaginary propertiesafstituent masses are written by the linear sum
of real-value M, with §' =+1: The form of the linear summation allows us tatréne original
internal motions as the external movements in tevfibe reduced mas#N,. Thereafter, we take
this view and simply call§'m, positive or negative mass states, which may beedub the
treatment by the Dirac equation.

We use the definition of gamma matritess

_(ao OJ _[0 —ak] _(O iaOJ k=123 .
yo_O—ao’yk_ak O’VS_iUOO' T *

where the Pauli’s spin matrices are

oY ol Y

The unit matrix 1 is given by
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[ao OJ _ [1 oJ
with g, = :
0 g, 0 1

The following Dirac-based equation with inclusiohAY-momentum is one of candidates for
expressing the motion of constituent parti¢le

2 (VP * YeVuPn ) = MG, (5)

H=0~3
where P, and P,,. stand for V- and AV-momentums. The V-type 4-moroemt P,
possesses the matrix property #f,, and accordinglyX, ,»,, has JV,. We, at first, treat as if the
neutrino constituent mas#, has the matrix of time component, i.¢,. Multiplication of eq. (5)
by ), leadsto

2 (VoVuPuw * YobsVuPn ) = VoVoM W, =M1, , (6)
H=0~3
The view of eq. (6) assigns the unit matrix 1 te time variables through/, Vo Po v = Poy and
YoVoXow = Xo v The unit matrix offers a flexible function as @glent time component, as
explained in section 5. In spite of addition ¢f, we still call P, and B,,n V- and
AV-momentums in this study.
Defining superscripted values of

V' =y, foru=0~3, andy’ = /i
makes )°)# and )°)°)* the Hermite matrix, and gives
rY =1 (Prr)=1.

The relation

YoVuPuw =VV PN VoWs I DViPuun = VYV V" Pln

suggests us to take

W = P Pl ZiP,0n
for H=0~3. Properties of variables are summarizedahble 1. It is noted that both the position
variables x4, and x’, for the V- and AV-motions have the same matrix Pty with V-type,
differing those of momentum and potentials. Thigaguired for the AV-field such aBl'jA to
possess y5 to retain AV-properties. The time components ofawtd AV-potentials have reversed
complex type. This comes from the derivation of logentials as explained in section 5.

The motion of many-body system is usually descriinetthe cm frame. We, therefore, consider
that particle V with Q, in eq. (6) make their motion on a reference positiThis reference
position is supplied by the motion of a basic éetiwhich is designated asThe situation ofig.

1 is suitable to this view, when particle’ with Q, resides on the motion of particke with
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charge Q. However, this situation produces a large angut@mentum of the system. It is
expected for sum of angular momentums to be redumedntroduction of flexible common
positions, which may have the property coming faomature of boson as described bellow.

Table 1 Super- and sub-scripted variables and matrix properties. dtantity B°
stands for auxiliary field, which will be explained in sectiorFbr potential treatment,

time coordinate X° stands for that for potential propagatio)(’lOfd as described in

section 5.
V motion AV motion
0 1 0
Xou /1
) |G
W A
0
P | _ [ Pow 0 [vaJ (IpOVA] 0,5
= : yyy
Ph [pk,wj rYe k) b
AN | _[1A, A |_[ Ao
A )T Akw, 2% Avk“ NN NZ4%
W A K, VA
BO=_saad joxs, 1| BO=—Z0AK 3" =¥

The velocities of particle b should satisfy thetiein as Z()’(,ﬁ‘)2 =1 as inferred form eq. (1).
For example, the V-velocity has the matrix propesy

fet=0e. %, 2,2, ) = 2= A2 i v, ™

where { } indicates a representation of vector. #&sume the relationship between the velocity
and the matrix is not always fixed and it can banged with holdini()’(é’)2 =1. This feature
may be admitted for boson, where matrices alwaykwe a squared form as in the Klein-Gordon
equation. Then, the matrix property is consideredsjble to be the transformed by means of a
transformation matrixU , as

{¥v}y=u{yry.

where the unitary property is set dai:f/UV =1. Simple candidates for the transformation matrix
are

! _{yv for v=0,13
"y i forv=2
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Conversion of position and momentum by matridds of V=0,2 makes the z-component of
angular momentum inverted, and that by, changes it to zero in a classical consideratian. |
contrast, transformation by matri%J; holds the value of the angular momentum in th@eetion.
Unlike matricesU, of ¥=0,2,3, U, may be unsuited for the transformation matrix. f;he
we treat particle 1 to own electric chardg, = Q,m,C/7, and to serve as the boson in the
conventional space to produce the basic commonomofuantities related to particle 1 itself are
often specified by the use of 1b thereafter. Intmst, other particlesV =0, 2, 3 possess the
dipole momentQ,. When the matrix-property vecto{ryoy“'} is rearranged into the standard
order of eq. (7), the position vector is expressed) v by

1y —1 1t Y R 7N VRN V1T N,
{XbV}Uv _UV{XbV}Uc Oor Xpv = U~ "Xy =W, Xy s 8

where the variableX in ¢ is denoted byx' in Y after transformation, and the matrix
element ufj" is either +1 or —1. The unitary property MLUV =1 keeps the relation of
T(X4,)? =Z(X4,)? after the transformation. We regard the statug ®f\,} as the motion in
conventional space) ¢ and { x;,} as that in subspacg)”. The common motion is also set for
AV-movement in the same way as for V-type.

The situation of transformation is illustratedrig. 2, where the drawing is made, for example,
fory =0. The particle 1b goes in the z-direction with tightated motion as seerby dashed
lines in (a). The dashed lines in (b) show the arotf particle b transferred by matrixU,,, while
the solid ones indicate the movement of partigte= Q relative to the dashed ones. The situation
in (b) is viewed iny¢ as (c). The angular momentums in (a) and (b) anensed into a large
value. Reducing the summed value requires a diffemechanism. This is accomplished by
existence of both internal negative-mass state/AAdhotion, as explained in later sections. The
potential propagation takes place through masglestons. We assume that the photons fly in the
same space of J ¢ without receiving the conversiokJ , that is defined for neutrino constituents.
Then, the potential interaction is postulated tetalace in¢: (b) is transformed into (c) and
interacts with (a) to be consistent withg. 1.
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(b) Combined inJv

V\

~

Anglular

motly

A A, ¢
: <>
d-c’ Potential ~ ¥-+--"
= interaction ‘
(a) Particleb in U¢ (c) Viewed inUc

Fig. 2 Example of basic and relative motions fgr=(. Inset (a) indicates the
common motion of particle 1b, and other dashed lines in (b) anéx@ess the
movement that is originated by the common motion. (b) standshfrsum of
converted-common motion and relative movement of partigle= ). (c) shows the
motion transform from (b) by matri>UV. Potential interaction is made between (a)
and (c), whereas the particle momentums as well as angataentums are summed in
(a) and (b).

4, MassTermsof Individual Particles on the Potential-Free Condition

For derivation of individual masses, potentials drepped in this section. At first, the mass
terms are obtained inJ ", but they are finally expressed by the use ofaldes in (J ¢. Particles
V=0, 2 and 3 have positionx'y, = X', +U/#x/ for the V-motion in ¥, where The
gquantities iny" are denoted by attaching dash in such a Way(’# The particle positions are
treated to override on that of particld With having the same mass polarity. The classical
momentum for the V- and AV-motion is written by

m, X" —m,(x'” +u””xbx)— g +uitgl. ., X=VorA.

Only for the AV potential-interaction of particlé/, internal mass phases @, =72/2 orn
will be introduced for the velocity o)X, in section 5, to facilitate either mass formatfon
particles 0 and 3 or a flexibl@-type potential interaction for particle 2. Howevérey are not
considered here, since potential interaction istmeatted at present.

The equation for particled/ =0, 2 and 3 is thus written by the Dirac-like eqoatas

[ > v Nt e Sl faturag)p =, nut @
u=0-3 u=0~3

S/mrn/ - S/m(ﬂ,.li/nt) r.nlsnt

The linear equation is based on the calculatiorh witx 4 matrices, and solved as the
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eigen-value problem on the matrices. Use of thiniiefn of gamma matrices in eq. (4) reduces the
equation to 2 x 2 representation as

o
Xn X AB,) \B)

where
10 rO rk
11_f Uo+zquUk, _f zf O »
k=1~3 k=1~3
P = At e, f = dlaaruy o, (10)

The eigen valuesﬂ'vt is expressed by introduction of a paramelee=+1 as

=X thXy = (f v f'O)a z (f A~ fu’\i/()ak J (11)
k=1~3
and its squared one as

O = (10 - + 3 (15w (1 - S (1M o
k=1~3 k=1~3

The eigen value/][',n is accompanied by a 4-compoment eigen vector as

L) () s
181/ h=+ X21 ﬁv h=- _X11+Avh

where N, is a normalization factor. Substitution of eq.)(itto the above leads to the form of

= (5] el
Vh_+— 1) g, h:_— 2 _q)" (13)

The states dff =+1 are related to the eigen vectors on angular mameirt Section 6, where
h=-1 is chosen. In accordance with the angular momerdase, h = —1 is adopted in eq.
(13).

The squared mass in eq. (12) is assumed to hauenthenatrix type. This gives a boundary

condition of
£, =% = (g, +ur °ay ) - hlada+ur g )= 0, (14)
where K, =0,3,2 for particles V =0,2,3, respectively, due to the definition dJ ,. One can

K, 0K, KOK

see that the complex-type cn]vav +U," "0,y mismatches with that of]' VaA+u Oyn - The AV
momentum ofg% " = u“°q” = (uv qo,+ qu)— h(u,, qo,+ qbv) is treated as the reversed
complex type. This complex type is also applieth® potential interaction. However, it is assumed
that the following squared-form with normal AV colep type is admitted to be usable for the
kinetic momentum in wave function:

(e easuray f +(uoqo, +a f =o. (15)
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The formulation was made iy v in the above. However, the derivation j§¢ should give
the same mass, although the motion direction mapg into different one iry ¢. The definition
corresponding to eq. (10) ipJ v is writtenin ¢ as

fy =W aly+al, fa=w aatds, (16)

The momentum in the time direction should also giiear in | ¢, in the same way as in eq. (14)
in y":

fy =% = (a5, +ad, ) - hlul™ ag,+al,)= 0. (17)
We admit that the V-type momentugl,® =u)“ ", +qo, = h(uSK”q'gA+q§A) works as
revered complex type, including potential interati For kinetic momentum for wave function,
similarly,
(e +usd, o+ (as,rucs,f =0 (18)

is assumed to hold good with V-type normal moment8ince the Dirac-like equation gives only
the first order relation, there may be uncertaintyhe treatment of squared value. Satisfaction of
egs. (14) and (18) produces

A=t [ (fh-nfd, ) = i\/ Y (ot ruials J + X aturuals) inU”, (1)

k

=1~-3 k#k, k#k,

and that of (17) and (15) leads to

An=t | S (5 -htsf = i\/ > (uatsy 4ol f + 3 e, gl inUs, (o)

k=1~3 kzk, kzk,

The momentums in thek,, direction, thus, disappear in egs. (19) and (RO)hese equations, no
explicit terms are retained on the motions in theetdirection. The quantities in egs. (19) and (20)
have either plus or minus value, and are calledtipesand negative mass states. The positive state
is defined when the direction of physical velocisyidentical to that of momentum, and the
negative state vise versa. One can see that ttee-lilke equation produces the mass with real
value, corresponding to the linearized situatioeaf(3).

The complex property allocation offy =0}, ,, and Q5 =ig},, suggests that whole the
V-motion should serve as the time for the AV-ore= Y-motion takes a role of time-movement for
the AV-one on the basis of the complex type. Whél'ni =0, the kinetic energies of V- and
AV-motions give the magnitude of 1; 1.

Thereafter, we take the view ig ¢ that particle V follows the Dirac-like equation ir ¢
as

{ > (v Nasy + )+ > (yor Nata + QSA)}% =AY, (21)

#=0~3 #=0~3

/]vh = i\/ ( |va + qgfv )2 + ( liIaA + qng)z 1 (22)
4#=0-3 u=0~3
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with constraints of egs. (15) and (18).

As stated in the description &iig. 2, the neutrino system is expected to include batitive
and negative mass states. We consider that pattickas the flexible feature and is regarded as the
boson type. The particle is treated to follow thkik-Gordon-type equation with the V- and
AV-motions. We consider that the particle is conggbsf two motions with internal positive- and
negative-mass polarit)Gé’ = =1, for ease of reduction of total angular momentumhe equation
for particle 1b may be written by the extensiorKidin-Gordon one iny ¢ as

> s;{ S (v Flatsf + X vy (OJLA,T)ZJ Wi = (A

=% u=0~3 u=0~3
where §°-" =+1 and §~~ =-1. In accordance with the complex type in egs. @) (17), we
set the reversed complex-type 8k, and Oft;f,‘;for potential interaction. As indicated later, the
reversed complex-type momentum makes much mildetriboition to the constituent motion than
normal-type one. The reversed complex-type mot®mxpected to have a minimum degree of

freedom. For normal momentum for wave function,réf@e, we additionally assume the
constraint between7i =+ as

(C]](.)bX+)2 = (Oﬂobx—)zi (q]1x+)2 = (Oﬂsbx_)z, X =V or A, (23)

Orev —

v = v Choar = Choar -
Use of (J°))? =1 and ()°)°)*)? =1 leads to

w23 Tl + TS|, @

=% u=0~3 H1=0~3

with constraints of eq. (23). The valu&}jh is taken to be positive for the neutrino systeine T

mass terms of egs. (22) and (24) constitute Lagaargnd subsequently Hamiltonian, by the use of
potential interaction terms described in the nextisn.

5. Potential Generation and Propagation

We consider that the V- and AV-potentials propadhteugh the flight of V- and AV-photons.
The potentials are considered to travel(inc: All positions and velocities (or momentums) are
expressed in|y ¢ for the potential generation and propagation. $spphat two particles? and
O exist at the same intrinsic tim@ , where £ takes a particle type idb+,10—,0, 2 or 3, and
O also stands for one in those. When the potent@bagates from the particl€ at position

(Xf,’v, Xé’A) to that of O at (Xf,’v, XZA) the square of the difference of positions is tentat the
same T hy

0 o P k k Y 0 o Y K k P
(va _XOV) + Z(va _XUV) "'(XpA_XaA) + Z(XpA_XaA) )
k=1~3 k=1~3

where positions are denoted in a summed form asred from Eqg. (22) iny¢. By the use of
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either retarded or advanced tinf=T7 + £, potentials arrive at the positioX, at 7 under the
condition of

0o _ 0 2 k _ Kk 2 (0_ 10)2 (k_ 13 )2
(va Xav) +Z(va Xov) 00X+ DX =X
k=1~3 k=1~3
— 0o _ 0 2 V' 2 0o _ 0 2 ( ! )2 —
—(va XaV) +(va XaV) +(Xm XaA) X~ X) =0
Introduction of a spatial dlstancd and a time onexOfd with use of X =V or A changes
the equation into

(25)
dy =X =X P =0,
where
1 2 1 2 1
X0 = =06, = x% F =00, - x%f =l —x f
. _|A for X =V
V forX=A

The time distancxgfd is defined in incremental form as

2 = (a2 ) [( - 'a\,)ax +( - 'DA)ax +( Xc—x'axc)-axpxc]. (26)

We follow the matrix-type definition irifable 1. For example, momentum p&, where
X =V orA, owns the matrix property of }°y* for the V-type and )°y°y* for Av-type. We
assume that the weak charge of neutrino equalstthmge € of electromagnetic interaction, and
adopt the dipole moment Q, = eh/|m| of neutrino and the chargdd, =Q,m, /%
=em /|m| of particle V. In this study, the polarities 0@, and Q, are always taken to be
fixed, and their variation in function is considefey means of apparent velocitBy = p, /m,,
where m, >0. The apparent velocity contains the mass infownasuch ass,meiz”““. The
moment and charge have the unit matrix. The mayge of Af{ to be generated is treated as

either yoy“ or y°y5y in accordance with the matrix property of velocity
The Lagrangian densmLx is constructed at a certain intrinsic time. The denS|tyL

considered to have basically the same formXe¥W and A. There is a difference in potenual
treatment between sources &, and Q,. Nevertheless, the basic part of the Lagrangiarsitie

~

L,.cx IS common for potential sources &@; and Q,;:
~ 1 Es Ex oA
LbasX [Z —+ Z ] BX Z !
2L\ 3 k=1-3 My  o- 3d(5x

where simple subscripts are utilized her@x& indicates GXEX and OXO corresponds to
Xfxfd in the above. We adopted the Fermi gauge for initidn of the auxiliary field BO in the
above Lagrangian density. The auxiliary f|elq3° acquires the meaning of the

electric/magnetic-like field in the time directiofihe potential generated by dipole momégy is
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described by the Lagrangian density as
I-ij = Lbasx_vq,x
— 0 RO k
Vij _depwcﬁfxBx +depvxczlgkvx Bx )
k=1~3
Quv=Q/1, Qa=Q,

(27)

f é(vbA:_
A= [l ezl s ! oo

where g, stands for the spatial particle density. The syimtexpression of velocity is written
as

B =8/G5 /me =%,
The velocity ,B'Ifx is treated to include such mass property as maissify and phaseZI,bA. We
discriminate ,B'V‘X of regular complex type fronﬁ'&'e" having reversed complex type. When

'lf){e" appears, it is root-squgred-summed to change ﬂténm)ipe into unit one, and accordingly

makes an extra time velocit)BBx in eq. (27). For the V-type,G‘V’X has no regular-complex-type
value, and is incapable of producing potentialhia time direction. It is noted thqBSX in the
AV-type retains the matrix of y5 as an exceptional treatment. We consider that the
root-squared-sum operation deletes only the mairbperties of J°)* with ()°)*)?=1 in
original matrix properties of)°)°)* in ,BEA{Q" and then ) remains outside the root.

The conventional procedure on partial differentiatof the Lagrangian density produces the

auxiliary field as

R IAX "
By =- ), A ~ 1oQux Pk CBix (28)

H#=0~3 a ’L)[(
Use of this relation simplifies the potential prgption equation. The time-component of 4-vector
potential is given by

Qs
0 _ 0 29
xAx __:uoa 0 QdXIOvXCﬁVX J (29)
Xox
where )g?x in this context corresponds mfxf;’ in the potential propagation. The spatial parés ar
written as
— 20
D>< Ay = oy % (depux C,Bux ) = Koy (depvx Cﬂux )’ (30)

where d’Alembertian is defined with position valied xf,‘x as
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2
Ox= 2. e F
p=0-3 0\ Xy
and the rotationdy X and gradientl]y operators also work with variables of, .
Through the function of magnetic moment, the spagdocity ,Bvx in eq. (30) generates the
vector potential, which may be denoted lA&"eg. Besides this component, the veIoci}_Ayg< in
egs. (29) and (30) produces some potential comppmnen, A;‘ in A{j with description of

A= A9+ AL When a scalar functiorF)? is adopted, A/ is expressed by
- d =~
M — _ F 0
Sk

Ly ﬁ)? = ﬂonxpuCB& .

(31)

Since [, x (DXIEXO) =0, itgives [1, x Ax = éx =0: ,éf/’x generates no magnetic field at all.

In addition, introduction of F,*® in eq. (30) makes the calculation straight-forwasd

A =[x 1%, (32)
Ly F& = =14,Qux 0,B,x -

The charge-type potential generation is writtenXa¥ or A as

LQX = LbasX _VQX )
VQX = QprVXC Av(;( ég + vavxc Zﬁfx A>k< )

k=1~3
T o, K
B =8 =0, B :{Six“iv” PRY
SZ (XZaV + va)
Sy )
B A S o) B
(1~ 3) ras,) 2
Eo — (xisl)Aﬂ)z

.3 .3 \2
(XZaA + XbA)

where ,ég, is set at zero fov-motion. The auxiliary field and 4-vector potehtiae given by

~ a H
B =-3 M Qun ok,

U
u=0~3 a X
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WS
A =t 5 Querch). ”

0
k — k 0
|:|X A)( - _/'IOCIBVXQVXPV _ﬂow(Qprvc VX)'
X
The particle-b V-motion makes Agv =0. Unlike other particles havind),, particle b with
charge Q, produces the auxiliary fielq_5,0 in both V- and AV-types.
The potential calculation needs to take the rakttoveffect into account in Eq. (25). Variation

of the effective-time incremendX’s at the arrival position produces the change inpthiential

XS
generation position on the basis of Eq. (25) as

-1 . v\ _ 4,01 101d
(dx) (pr _Xax)' (_aXUX)_aXpX —0X'yy -
The relativistic time ratioax'g,f(d / axg)id needs to be factored in potential propagationutation.
The Hamiltonian densityl:lerT for generation of the weak electromagnetic fieddderived

from the Lagrangian density. The canonical conjggabmentums are expressed by

oo L _ B ,f_a—L_iE_Q__( 24 dAxJ
TAI3})  H T O(AIBR) Mo © &K
where X =V orA These give the Hamiltonian density for dipole-nemitnand charge types as
H~em - z - Lemx
k=1~3 (35)
:i E.(E-‘-ZDAQJ_B)(‘BX_@?(.(@E 2 Ax] {depxcﬁx
24 ¢ \c Q,0xChx * A

where the Hamiltonian is composed of the field-gpatensity and interaction-energy -density
terms. The first one indicates the self-field egedgnsity and is considered to serve as the
mass-energy density of the particle motion.

6. Angular Momentum Operator and Neutrino Spin

The angular momentum operator consists of V- Addype ones. We first look into the
eigen-value and -state for the angular momentumad@ein thez-direction in a simple case, where
the motion is written with combined coordinates tsuas X, = X, + X5, . The angular
momentum operator with its matrix type is expredsed single constituent particle by

=P v+ Ny e b vl e+ (v vvel
=—¢y2(y¢p5—xspc)—mz(x;pi—xipi)ﬂas[_'fs ]'5],
X R XGR, 1R =X~ XaPh -



76 T. NISHIMURA, K. ISHIBASHI, NTERAO and H. ARIMA

The eigen valueA,, and eigen functioné, for the matrix form are

Ao=ig@(R) & U E_:\lﬁ(_llj. (36)

The eigen functions¢, have the same form as in eq. (13), with the parami = + 1. Therefore,
it is possible for the eigen function to give eigealues for operators of both the angular
momentum and the previous Dirac-like equation of @1). We prefer the negative value of
h = -1 to the positive one, since the negative one stémdsimple sum of angular momentum in
thezdirection as A,_ =iag,(IJ +17).

We consider the commutator for the angular momenamch the linear mass operator in the
space of Y ¢. When eq. (11) is converted i ¢ and the spatial parts are summed for particles O,
2 and 3, it gives the linear operator for mass as

Aow= 2 @+ )= 2 @+ 3 (37)

k=1~3 k=1~3
v=0,2,3

where a'f,\, and EEA stand for the operators for canonical conjugatememums, and the
summation is taken for particles 0, 2 and 35@@ and 5"5. The total angular momentum in the
directionk (=1,2,3) is given in the form of eigen value by

/1Iks _IJK(IVS+IK) IVs: ZXWXEW’ IAs: ZXVAXEVA’ (38)

v=0,23 v=0,2_3

where f)';x :5Ex indicate the canonical conjugate momentums. Thignitlen produces the
commutator of

/]L sp/]|s— Is— L-,sp (39)
=2 Y (G +3 a3, +12,)-i0,0,(02 +32)+io,ay @, + 82,
k=12

The wave function of the system requires the camdifor the sum of the right-side terms to be
zero. Substitution ofl, + 13 =i(L,/2) and comparison of the coefficients on spin masrice
convert the condition into a simple form of

(O _Ij ms-l- b,j&s gl/ pAs —_ (40)
i 0 ﬁ/zs-l- bi ﬁ/s+ pA .

This constitutes an eigen value equation again.€len value is obtained to bk, =1, that is,

13 +13 =+(1/2)i. (41)

The V-type angular motion takes naturally the vijosum like )'gfav +)'('§V in the potential
interaction, and makes the interaction in the whdiections of K =1~ 3. In contrast, the
AV-type angular motion retains the flexibility obgential interaction throuquZA + eiZVbA)'(t')‘A. The
Q- Q, interaction system should be based on the leftiostamotion. This suggests that the
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V-motion leads tol, = 0and Av-one produced,, = —(L/2)i , to make the negative helicity as
L,=-1.

The eigen value requires for the relation betwegearevectors to beﬁ,25+ f)f\s= iL3(ff/S+ [31\5)
in the Cartesian coordinate. This relationlig =—1 leads to

B, | _(cosb -—sind Phe/i
pz ) (sin® cosd ) _ | Pa/i)’
that is, the vector (P, Po) is 71/2 in advance in rotation in comparison to

(Pac /i, PA/1), and it is written by p% = PZ./i with neglecting the phase. We directly see
the relation of eq. (40) in the cylindrical cooradia. A conversion matrix

cosg -sing O
D=|sing cosp O
0 0 1
is defined between momentum vectors in the cyloadriand Cartesian coordinates. Use of D
produces
-L, - O -L, - O
D'l i -L, OD=| i -L, O].

0O 0 0O 0O 0 O

The condition on eq. (40), therefore, is viewedHsy cylindrical momentums as

-L, -i 0] sing,d", -L,sing, 0", —irsin"8,0%
Dl i -k, 0frtsin®g,0% |= D, | ising,d' - Lrisin®6,0% |=0.
=0,2, ~3 =0,2,
x=va\ 0 0 O Pux X2V A 0

The condition becomes to
2. (Lssing,dix +irysin™6,0%)=0.

v=0,2,3
X=V,A

(42)

When the complex types of canonical conjugate manmes are taken into account for V- and
AV-motions, real and imaginary components of EQ) (¢ad to the forms of

D sing, By = LD rasint gl /i = L,pa /i, (43)
D sing, Bl /i =-Ly Y ir,'sin™ g, 135, /i = -L, [, . (a4)

It is plausible for the negative-helicity state &f, = —1to produce p4./i <Oand to make a
positive value of the right-hand side of eq. (d)e V-type radial momentums, therefore, have the
positive polarity as a whole. This situation is ested to hold good regardless &f, =+1. Since
}5\‘,"5: Efsli, in turn, the AV-type radial momentums take a niegavalue in eq. (44). The
canonical-conjugate radial momentums ﬁ[ﬂv and ﬁVrA include the mass polarity therein. This
indicates that periodical change of mass sign mdhkessteady-state vibration of radial motion
under the constraints of egs. (43) and (44).
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Equations (43) and (44) indicate that the cylingficradial momentums on they plane are
comparable to the angular ones aroundztheis. Since the cylindrical radii need to be pgsitthe
radial vibration should take place frequently. T$igjgests that mass polarity should change once a
rotation: the mass and radial-momentum polaritaay at the time of half rotation.

The square of angular momentum is defined as

(A =3 =z-1,

k

sq — Kk kk) sq — (kk kk)
Is _Z(|VS|VS+|ASIAS’ ls _z |Vs|A5+IAs|Vs'

k k

The commutator is given by

(/]Is )ZAL—,sp - AL—,sp(/‘Is )2

=2y o {t, + (a2 - )+ (Ao - i)

k
+ 23 o {pl, + (12 - i)+ (Bion? - piana).
k

The right-hand-side terms produce the followingditan in a vector form:

3+ () Qi+ () R +{med)=0. )

Some algebra on this equation leads to the expiredsi the use of the polar coordinate for the
rotational motion part:

_aur/v: rz\_/l(lw )2 _alr/A - rV_Al(I VA )2
2.Cu| 0wy [+2Cul 09 |=0, (46)
’ $76,,0,,,0% v $76,,0,,05,

sing, cosg, Ccosg, cosg, —sing,
C, =| sing, sin@g, cosg, sin@  cosg |, X=WorlA,
cosb, -sing, 0

where the final values are expressed by vectditseirCartesian coordinate in eq. (46). For the wave
functions taken in the next section, the expectddes in thex — andy-directions easily become to
zero due to the average off, in C,. In addition, the expected valueszlirection go to zero

by the average on the variab@. Then, eq. (45) gives the constraint for gdirection straight
motion arising by the angular motion as

Ple = B + P + P =0. (47)
Therefore, the straight motion in the V-type cawahiconjugate momentum of particld 1
coincides to that of the whole neutrino system.



Proposed Structure of Neutrino Based on Weak-Change/NVeak-Dipole-Moment Interaction 79

7. Constituent Motion

The discussion based on egs. (43) and (44) sugtiestshe radius of orbital motion should
always be either increasing or decreasing. We wakee functions, which are parameterized by the
use of average positior)_('v‘x and average canonical conjugate momentm for particles 1, 0,

2 and 3. It is noted that the canonical conjugatamentum pl‘;” of particle 1 (X=V or AV,
71=+0r-) is formed by sum of particldaz motion pf;Xnand its common-base particle
brr motion Pl as P, = Plaxr T Phxr - The canonical conjugate momenturp), of
particle V = 0,23 has contributions of particlebﬂv and particleVa . We, at first, consider the
motion of particlelazz and that ofV = 0,23. The wave functions are taken as a product of
spatial and time ones: the spatial wave functiormede of the plane wave traveling in the
z-direction, and the spherical wave with spheriahfonic functions, while the time wave function
is given by the plane wave traveling in thedirection and the Gaussian function expressing
oscillation. The linear combination of sphericalrhanic functions with definitem stands for
deviation from the reference point moving in théirection.

_ =~3s,3s m 708y 0s
[/lvx = exp (pvx X% )//Vx sp ° exp (pvx Xyx lavx tm

Voo = 28R (%) Ot ) expl B i )Y (6 ) (48)

£
N—

,vi,|=n““\/ L 2] o _ooax,

gt o ol 7T
|%(va’xvx) N,y Sin [2— 2%, r(|+3/2)’ §

r
X
o \2

Goen = o8 P ex —4(X_vz ; exp{pec, ).

where the basic straight motion in tlzedirection is indicated by the superscrips, 3and

R ()QZX;XIX) approximates the first peak of thigh-order spherical Bessel function. The radial
parameterili>< gives the approximate midpoint in the radial disttion. The wave function for
particle 1aX71 has the same form with the notation BK — 1aX7 . For particlesV = 0,23,

we set the relation of

R =3 (R )+ (R )0 Kok = R
%5 =4 (R%)? + (R )7

for spatial and time motions, respectively.

Spherical harmonic functions on the canonical cgafe momentums are assigned for the V-
and AV-motions inTable 2. At the transition, mass polarities for particle® and 3 are supposed to
change almost simultaneously. We assign the sy&ietwo types of mass allocation, i.e. cases 1
and 2. Particles 0 and 3 exist in the positiveesitattase 1, while they reside in the negativeione
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case 2. Radii of V-type orbital motions are in #eanding state and those of AV-type also
expanding in case 1, while all the radius behawanesreversed in case 2. The abbreviation in linear
combination is shown below the table.

Table 2 Allocation of angular momentums ig)¢. The spin partlS is

shared by orbital motions of particles 0, 2 and S¥mbols for linear
combination is listed below.

Casd Case?

V IlV I1av IOV I2V |3V ls V I1V IlaV IOV I2V I3V Is
P 0s Y2_ ? Y3_/ 35&25/ 2 Yl;‘lz Yl?i 2 Ys0 POS Y2_l Ylgclﬁzsl 2&5/2 Yl‘;lz Yso
Neg‘ Y2l Y11//22& 3/2&5/2 lez Neg Y22 Y33//2?§5/2 Y1‘1&2 Ylgz
AV |1A I1a1A IOA I2A |3A Is AV IlA IlaA IOA I2A I3A Is
POS Y2_1 Yl?é:&zB/ 2&5/2 Ylélz Ylg 2 POS Y2_2 YS_/§</§L25/ 2 lez
N eg‘ Y22 Y33;/22& 5/2 Yl%& 2 Ys_ll ? N eg Y2l Yl}/;& 3/2&5/2 Yl;z Ylgz Ys_ll2

Symbolin thetable: Yz, :a,,RY," +a,,R,Y,"
YSO : asl/Z RllZYljl.IZ2 + a53/2R3l2Y3_/]él2' Y‘1/2 :Yl7;l2

S

The wave function for each particle of= 0,2,3 has orbits of V- and AV-type in the linear
combination form. The wave functioty,,, for the V-orbit is taken to be orthogonal 1%, for
AV-one. This is accomplished by the phase diffeecioé +77/2 between coefficient vectors
(an,aWZ) and (aVAl’aVAZ)' In this situation, the combination of particles = 0,2, 3 and
the spin part produces an effective orbital sté{g% and spin -1/2, producing a square of combined
angle momentums of 6.5. In contrast, the particleag the canonical conjugate orbl‘tg12 and
Yzil in the table. These orbits of particle 1 and tifiective orbital stateYz0 of particles 0, 2 and 3
should constitute a closed shell gf . Therefore, the neutrino system finally has thie sp-1/2.

Since I3, +13.=—(1/2)i, the radii of particles 0, 2, 3 are increasing#se 1, according to
egs. (43) and (44). At the half rotation, the masdenges to different polarities and makes case 2.
The angular motion continues with radii decreastogeach the original positions. Such a motion
is considered to be a kind of steady-state movenierdpite of radius variation. To achieve the
steady-state motion, it is natural to impose a taitg on average radius in eq. (48), so that the
phases in de Broglie waves at the half rotation rhaye a relation of either the same or
integer-fold to a reference motion. The constréntequired for producing a certain circulation
period for particles 0, 2 and 3.

Mass terms (22) and (24) are converted into Hamdio with potential terms eq. (27) and (33)
with regards to the above average quantities:
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pt = 'b,pt v

Hp = Hy o+ H, o + .4, (constraint j),
,-

The electromagnetic energies at particle positloneq. (35) serve as kinetic mass energies. The
Hamiltonian for cases 1 and 2 produces the stetdg-solution and the neutrino mass which is
consistent to the two cases. A test calculation made for a neutrino of total energy 1MeV. A
rough estimate of constituent mass is liste@dhle 3, where the average radius of positive motion
of particle b was commonly set at a typical value of i in both cases 1 and 2. In addition, the
mass of particle 0 was assumed to be the sameabsftharticle 1 in case 1, whereas the mass of
particle 1 was postulated to be equal to that ofigda 2 in case 2. Constituent mass values were
searched by a Monte Carlo method with consideraifopreceding constraints, and the total mass
was chosen to be close to the week-electromagseifi@nergy of the neutrino system. This rough
estimate gives a total mass of eV level. Generddutation with possible less number of
approximations will lead to a more realistic nautrimass.

Table3 Calculation example of constituent mass in uoftkeV for neutrino
of total energy 1 MeV.

mass#l mass#0 mass#2 mass#3 total mass
Casel 1.728 x16 1.728 x16  -3.457 x16 3.032 x1F 2.845 x1C
Case? 7.666 -1.524 x19 7.666 -3.66 x18  9.275 x10°

8. Discussion

The auxiliary field éfj influences to formation of the constituent masbesh in the
electromagnetic self energy and the kinetic massegn There may be some natural materials to be
capable of generating%j. When neutrinos are incident to such materialoegihe mass formation
mechanism of neutrinos may be disturbed due toradiation of the electromagnetic energy with
the kinetic mass-energy. In that case, a neutsrexpected to be dissociated into two groups: it is
separated into particle 1 and a group of partible2 and 3 because of disappearancelofQ,
interaction. In fact, such reaction was supposebetdound® in our group. Biological product of
raw silk seems to dissociate environmental neutrittbough the generation cé,f to make a
appreciable voltage generation by the weak-chantgeaction.

9. Summary

Neutrino structure was studied on the basis of wdwtge and weak-electric-moment
interaction. The constituent particles were assumeethasically reside in individual subspaces
through the transformation by gamma matrices. Tkteneled Dirac equation consists of linear
operators based op’y*and y°y°y*matrices, different fromy”and y°y* ones. The exchange
properties between the linear operators and angudanentum ones give the view that the motion
of spin -1/2 system should always include vibratidrradii and constituent-particle mass-polarity
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change. The property of gamma matrices imposes smmstraints on the constituent particle
motion: Particularly the momentums in specifiededirons need to be canceled between V- and
AV-types. The cancellation in specified directiaaompanies the complex-type-unfit motions.
The system having momentums efy*and y°y°y* matrices offer a special flexible feature in the
potential generation through the unit matrix in time direction. The complex-type-unfit motions
generate the auxiliary field under the Fermi gaume] the auxiliary field works to make the
electromagnetic self energy. The electromagnetit exgergy serves as kinetic mass for the
constituent particle motion. It was considered thath weak-charge and weak-electric-moment
interaction system readily disintegrated by themdl auxiliary field.
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