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Abstract

In this paper a prototype model of free neutrino is introduced. The
model is considered within classical field theory approach. Time is also
introduced classically and no relativistic effects are discussed. Intro-
duced description is based on four-component vacuum medium proper-
ties. The equilibrium vacuum medium called �-medium can be decom-
posed into two three-component media a and b which are components
of electron and positron. In the case of neutrino no separation of com-
ponents appear. The neutrino is identified with rotating part of the
�-medium within resting �-medium. Motion of all discussed particles is
associated with motion of a discontinuity surface viewed as boundary of
the particle. Motion of neutrino is not associated with any separation
of components, contrary to motion of electron or positron. Therefore
no wave function is accompanied by neutrino within presented here ap-
proach. One discusses methods of modelling shape of neutrino and its
energetic properties. Mechanism of rotation is associated with surface
superfluidity property introduced on the vacuum medium level of de-
scription. Discussed in this paper model of free neutrino is viewed as
first stage for description of interactions of neutrino with charged par-
ticles.

1 Introduction

Neutrino is a particle which interacts very weakly with other elementary parti-
cles. As a result of this, its properties and structure seem to be not sufficiently
recognized. In last years one observes increasing number of experimental en-
terprises dedicated to better understanding behaviour of neutrino.

Theoretical modelling of neutrino, considered in literature, is connected
with application of relativistic equations of quantum mechanics [1]. The most
advanced theory which describes interaction of neutrino and other elementary
particles is represented by the standard model [2], [3], [4].
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Relatively small number of premises provided by experiments and related to
structure of neutrino justifies speculative theoretical considerations leading to
mathematical models of this particle. A possible way for organizing a context
for such speculations is discussion of the vacuum medium properties which
would determine behaviour of the neutrino.

In the paper [5] a four-component vacuum medium is discussed. Neutrino
is viewed there as an extended particle represented by part of the vacuum
medium which rotates and is separated from the resting vacuum medium by a
discontinuity surface. Motion of the neutrino is then viewed as motion of this
surface.

Speculative method of modelling the vacuum medium is proposed in [5].
Such approach is justified by fact that we postulate properties of the medium
without any possibility of direct experimental verification of them. Confronta-
tion with experiment is assumed by constructing models of larger objects such
as particles which are experimentally investigated. We would say that it is
rather large distance between assumptions introduced and the objects which
are in contact with experiments. Therefore, in order to introduce suitable
assumptions we should construct a qualitative, perhaps considerably simpli-
fied models representing expected or observed experimentally properties. Such
models are viewed to be a bridge between elementary units creating vacuum
medium structure and larger objects. They are designed to provide premises
for making decision what assumptions could be discussed at the elementary
level in order to catch properties at larger scales. Discussed simplified models
are called here just prototype models.

We could consider the neutrino as freely moving particle in the vacuum
medium, without any interactions with external fields. We call such a neutrino
free.

As an opposite case we can distinguish neutrino which interacts with an
electron in muon or in pion, for instance. Such a state is interpreted within
this paper as a kind of a bounded state of neutrino resulting from its inter-
action with strong electric field present at the vicinity of electron or positron.
Admissibility of these states follows from discussion carried out in [5], where
interaction of electromagnetic field through surface of neutrino is considered.
However, modelling of this more complex state should be obtained gradually
starting first from description of free neutrino.

Consequently, the aim of this paper is to develop discussed in [5] concepts
by introduction of a prototype model of the free neutrino. This model is viewed
as a first step for description of the interacting neutrino with external fields.

Presented in this paper approach is based on classical field theory descrip-
tion. The time is also understood classically and no relativistic effects are
considered.
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2 Assumptions which determine vacuum medium

properties

In order to describe behaviour of the vacuum medium we introduce a set of
assumptions. They determine possible states of the medium at various levels
of energy. The main assumption states that the vacuum medium is composed
of four components.

The four-component medium in equilibrium is identified here with three-
dimensional space E3. We introduce in this space a Cartesian

coordinate system X = {Xi}, i = 1, 2, 3, X ∈ E3. One assumes also
that behaviour of this medium does not influence geometry introduced by the
coordinate system.

We consider densities representing an amount of component related to a
volume. Volume is discussed as a natural consequence of introduced coordinate
system. Consequently, let �v, �v̄, �w, �w̄ stand for densities of the four com-
ponents correspondingly and � stand for density of the united media. Then,
the relation

� = �v + �v̄ + �w + �w̄ (1)

is satisfied by assumption. Symbols of introduced here densities will be also
applied as names for corresponding to them media.

Consequently, we assume that the four components joined in the �-medium
constitute elementary units which all together generate a stable medium struc-
ture for sufficiently low energy states.

State of each elementary unit is described by displacements or a kind of
polarization of discussed components within units. They are represented by
vectors v, v̄, w, w̄. We assume that two pairs of the components are discrim-
inated by special interactions. Components within each pair are able to move
with

respect to each other. Then, we can introduce new variables which reduce
number of degrees of freedom: u = v − v̄ and q = w − w̄. It is also assumed
that v̄ = −v, w̄ = −w. The variable u is identified with the vector of the
electric field intensity E and q is identified with the magnetic induction vector
B.

Summarizing, we have a symmetry between description of electric and mag-
netic fields. However, separation of components during creation of particle-
antiparticle pair does not exhibit such a symmetry. As a result we have electric
monopoles and we do not observe corresponding to such a symmetry magnetic
monopoles.

Destruction of considered above symmetry is discussed in the paper [5],
where we have assumed that the medium � can be decomposed into
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two three-component media a and b, � = a+ b for higher energy. Then, we
assume that

a = �v +
1

2
(�w + �w̄) , b = �v̄ +

1

2
(�w + �w̄) . (2)

This kind of decomposition appears as a result of attaining by u a critical
value u∗ viewed as characteristic property of the �-medium. After such a de-
composition the components a and b constitute media of electron and positron
respectively.

Properties of the whole medium are expressed by behaviour of its com-
ponents. In particular one assumes that each component �v, �v̄, �w, �w̄

considered separately attracts its own elements. Similar assumption is done
for a and b since they represent to some degree properties of their predominant
subcomponents �v and �v̄ correspondingly. After separation of a and b from
� we have to obtain possibility of recovering the vacuum medium structure.
Therefore, each discussed component has also to attract the other ones for
sufficiently small energy what leads to formation of the elementary units.

Above discussion enables to distinguish several characteristic energy levels.
The lowest energy corresponds to pure electromagnetic field which is described
by u and q only. Higher energy levels are associated with creation of elemen-
tary particles. Consequently, electron and positron are viewed as rotating a
and b-media separated from � by a discontinuity surface [5]. Still higher energy
levels can be considered in connection with elementary particle processes.

Neutrino is considered as a rotating part of the �-medium within the rest-
ing �-medium. Such parts of this medium are separated by a discontinuity
surface. Accordingly, creation of neutrino is not connected with separation of
components, as opposed to the case of creation electron and positron. Motion
of neutrino is identified with motion of the discontinuity surface.

Motion of electron is also considered as associated with motion of its bound-
ary represented by a discontinuity surface. However, then each step in motion
is connected with separation of � into components a and b. The component
a goes into interior of electron. The component b is present in an excessive
state before the electron. Such a state has to relax also in order to recover the
vacuum medium structure behind the electron, where a deficiency of b hap-
pens as a result of motion. Process of relaxation of the nonbalanced state of
components is identified here with evolution of the wave function.

Since the phenomenon of separation of components does not happen in the
case of moving neutrino we assume that the neutrino is not associated with any
wave function. Let us note at this moment that we have not at our disposal
any experimental results which would confirm existence of the wave function

for neutrino. Such results exist for electron for instance.

We distinguish states of vacuum medium which are associated with cre-
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ation of neutrino. They are represented by fields of a vector variable h. For
equilibrium of the vacuum medium we have h = 0. We introduce geometrical
interpretation of this variable by means of the mapping

hG = Gh(h) . (3)

This mapping enables to interpret the state h as a displacement within the
elementary unit, represented by hG. Such a step is convenient for modelling
since we are able then to use up the classical, continuum mechanics formalism
[6]. Using introduced displacements we can consider the deformation function

xG = X + hG , (4)

where X is a center of the elementary unit. Introduction of the deformation
function xG is the first step just for application methods of the continuum
mechanics.

The question is how we can understand the state h. Is it associated with
a fifth component in our medium? We have not premises for any possible
separation of component associated with h. Therefore we do not introduce
the fifth component. In this case h characterizes an additional, in comparison
with the electromagnetic ones, state of the elementary unit. In particular we
interpret this state as a displacement by hG.

Let us notice that the rotational state of the �-medium is also associated
with displacements understood in more classical way. We admit the case when
whole elementary units undergo displacements with respect to each other and
which are determinable owing to our coordinate system. Consequently, we
have also to introduce the second kind of the deformation function

x� = X� + h� , (5)

which describes displacements of elementary units with respect to a reference
configuration given by X�.

Summarizing the variable h represents internal state of the elementary unit
and h� is associated with their relative motion.

3 Description of evolution of vacuum medium

states associated with variable h

We admit vacuum medium states described by the variable h. They are asso-
ciated with existence and motion of neutrino. We can also consider them in
absence of the particle, on a formal way. Such considerations are justified by
fact that creation of neutrino should be preluded, by assumption, by processes
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in the vacuum medium leading to violation of a critical condition. The critical
condition determines inception of the neutrino formation.

We stipulate that the energy conservation law is valid for our medium.
This enables us to postulate form of energy for such states by the formula

E =
∫
xG(U)

�(Ω(xGi,M ) + K(ẋGj))dv , (6)

where U ⊂ E3 is an arbitrary set.
The term Ω represents energy density associated with deformation de-

scribed by the gradient of deformation xGi,M . We obtain from (3) and (4)
that

xGi,M = δiM +
∂Ghi

∂hj

∂hj

∂XM

. (7)

The term K represents an energy associated with motion of h within the
elementary unit. We assume that an inertia associated with such a motion can
be admitted.

We have postulated that the energy conservation law is of the first rank
for our medium. Let us notice that in such a case using of displacement
interpretation by means of variable xG enables us to use also the stress tensor.
Indeed, the stress tensor is defined formally as derivative of energy with respect
to the gradient of deformation or with respect to the strain tensor. All these
notions are at our disposal now.

The balance of energy for evolution of discussed states is postulated by
means of formula (6) in the form

∫
xG(U)

[−(�
∂Ω(xGi,M )

∂xGi,M
),M + MikẍGk]

∂Ghi

∂hj
ḣjdv+

+
∫

∂xG(U)
(�

∂Ω(xGi,M )

∂xGi,M

∂Ghi

∂hj

− tj)ḣjnMda = 0 , (8)

where we have assumed that balance of amount of the component � takes the
form �̇ = 0, Mik = ∂K

∂ẋGi∂ẋGk
(0), U is an arbitrary set and n = {nM} is unit

vector which is
perpendicular to the boundary surface ∂xG(U). Thereby we have assumed

that ∂K
∂ẋGk

(ẋGi) = ∂K
∂ẋGk

(0) + ∂2K
∂ẋGi∂ẋGk

(0)ẋGi ≈ MikẋGi and then also that K̇ ≈
MikẍGkẋGi.

Assuming that the processes ḣj are independent, we obtain from the for-
mula (8) equations in the local form

[−(�
∂Ω(xGi,M )

∂xGi,M

),M + MikẍGk]
∂Ghi

∂hj

= 0 . (9)
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We interpret the term

TiM = �
∂Ω(xGi,M )

∂xGi,M
(10)

as the stress tensor.
The boundary conditions can also be obtained from (8) when we assume

some external interactions tj , expressed on the boundary surface. They can
be assumed as tj = 0 when U = E3. Possible boundary conditions in the case
of neutrino are related to the separation surface. Then, we have to discuss
balance of energy also in relation to this surface.

Introduced equation (9) describes evolution of states h within the medium.
Character of this evolution depends on particular forms of functions Ω, K and
Gh.

4 Balance of energy equation for description

of neutrino

States discussed in the previous section are induced in a neighbourhood of
neutrino by existence of the discontinuity surface. The term discontinuity is
related to the deformation function applied. Such a surface separates rotating
part of the �-medium from the resting one. Then, we have additionally to
discuss the deformation function x�, which describes rotating elementary units,
apart from introduced in previous section xG. Thereby, the total deformation
function is now considered as

x�G(X, t) = xG(x�(X, t), t) . (11)

Thus, the reference configuration for the deformation function xG is now the
configuration x�. By means of xG and x� we are able to describe evolution
within elementary units as well as relative motion of units.

However, we can expect that the situation near to the surface is still more
complicated. We do not understand what exactly means that the elementary
units are forced to relative motion on the surface, from physical point of view.
In this paper it is suggested that when a critical stress within the medium
is attained then bonds between elementary units are broken and motion on
a surface is realizable. We postulate that the neutrino is a rotating part of
the �-medium. A natural question which immediately appears is what is the
reason of such a rotation.

In order to explain the rotation we postulate the surface superfluidity
property for our medium. This phenomenon is manifested by increasing

velocity on the surface S, between parts of the medium, in the case when such
a motion is realizable. Realizability of such a motion depends on form of the
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surface at an initial moment. We expect for instance that a sphere or a cylin-
drical surface give conditions for accelerating motion of the corresponding part
of the media. Another, less regular surface could be transformed to more reg-
ular one in order to continue the motion, or in other words, stresses considered
in the medium and induced by this irregularity could make obstacles against
the motion. In discussed cases we have to do with a nonstationary behaviour
of the medium.

Let us discuss more simple case when the conditions for developing motion
on the surface exist. Then, existing the surface undoubtedly has to induce
more complicated states in the medium then those discussed by the equation
(9). Indeed, states described by (9) are admissible in free vacuum. Then, no
intersection of bonds between elementary units is considered. Existence of the
separation surface should be connected with an additional nonequilibrium of
the medium tending to recovering the stable vacuum medium structure.

We postulate that such states could be described by an additional vector
variable ξ. This variable takes value ξ = 0 when the surface S vanishes. It
represents nonequilibrium in elementary units, induced by inability to recov-
ering interunit bonds which is due to presence of S. Such variable can also be
interpreted geometrically as a deformation function by means of the mapping
Gξ. This is expressed by the formula

ξG = Gξ(ξ). (12)

We have ξG(X, t), where X represents center of the elementary unit.
For description of the near-to-surface processes discussed in conditions asso-

ciated with rotating motion we also consider the deformation function obtained
by superposition of previously introduced ones, and expressed by

ξ�G = ξG(x�(X, t), t) . (13)

Then, the reference configuration for ξG is x� in general.
With the aid of the variables introduced we postulate the following formula

for energy of the medium

E =
∫
x�G(U)

�(Ω�(x�Gi,M )+K�(ẋ�Gj))dv+
∫
ξ�G(U)

�(Ωξ(ξ�Gi,M )+Kξ(ξ̇�Gj))dv =

=
∫
x�G(U)

�E�dv +
∫
ξ�G(U)

�Eξdv . (14)

Balance of energy equation is considered in general form as

dE
dt

= −WE + RE , (15)

where
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WE =
∫

∂x�G(U)
W�inida +

∫
∂ξ�G(U)

Wξinida (16)

is postulated form of efflux of energy through surfaces ∂x�G(U), ∂ξ�G(U) and

RE =
∫

S
eSda . (17)

represents source of energy, in this case considered only on the surface S.
Taking into account (14), (15), (16), (17) and presence of the discontinuity

surface we postulate the following form of the balance of energy equation

∫
x�G(U)

∂(�E�)

∂t
dv +

∫
ξ�G(U)

∂(�Eξ)

∂t
dv+

+
∫

∂x�G(U)
�E�ẋ�Ginida+

∫
∂ξ�G(U)

�Eξ ξ̇�Ginida+
∫
S
([[�E�]]+[[�Eξ]])Vjnj−eS)da+

+
∫

∂x�G(U)
W�inida +

∫
∂ξ�G(U)

Wξinida = 0 , (18)

where the notation [[φ]] = φ− − φ+ is introduced.
We identify the set U with the whole space in discussed here case. The

equation (18) can be transformed into new form taking into account addition-
ally placements of points in internal and external region of the particle. We
assume that x�G(U) = x�G(Up) ∪ x�G(Ue) and ξ�G(U) = ξ�G(Up) ∪ ξ�G(Ue),
where the set Up ⊂ E3 represents interior of the neutrino and Ue its external
region of space in reference configuration.

Let us investigate in more detail the expression

∫
x�G(U)

∂(�E�)

∂t
dv +

∫
x�G(U)

�E�ẋ�Ginida =
∫
x�G(U)

[
∂(�E�)

dt
+ (�E�ẋ�Gi),i]dv =

=
∫
x�G(U)

{[∂�

∂t
+ (�ẋ�Gi),i]E� + �(

∂E�

∂t
+ E�,iẋ�Gi)}dv . (19)

Consequently, we have transformed a part of the equation (18). We postulate
further that ∂�

∂t
+ (�ẋ�Gi),i = 0, which corresponds to classical form of balance

of mass equation. Let us notice that this is a simplified assumption. Indeed,
we expect that an amount of the component of � is conserved. However, not
all deformation functions applied are in classical relation with the density of
component �. Within this method of modelling we can expect that x� reflects
this classical relation. However, the deformation function xG is introduced
more artificially and does not transform � in classical way. This function is
connected with various states within the elementary unit and it is not expected
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that � will vary with change of xG. Consequently, introduced above assumption
leads to simplification of our considerations. However, we remain a free route
for new postulates at this place.

Similar considerations can be carried out for the second part of the equation
(18), related to the deformation function ξ�G.

By means of (18) and (19), and introduced above assumptions we postulate
finally balance of energy equation in the following form

∫
x�G(Up)

�
dE�

dt
dv +

∫
x�G(Ue)

�
dE�

dt
dv +

∫
ξ�G(Up)

�
dEξ

dt
dv +

∫
ξ�G(Ue)

�
dEξ

dt
dv+

+
∫
S
([[�E�]] + [[�Eξ]]Vjnj − eS)da +

∫
∂x�G(U)

W�inida +
∫

∂ξ�G(U)
Wξinida = 0 .

(20)
where d

dt
(·) = ∂

∂t
(·) + ẋ�Gi(·),i or d

dt
(·) = ∂

∂t
(·) + ξ̇�Gi(·),i correspondingly.

We have assumed previously that Ω� depends on xGi,M . At this moment our
deformation function x�G is more complex. Then, the corresponding gradient
of deformation takes the form x�Gi,M = xGi,px�p,M . We assume now that
Ω� depends on xGi,p only. However, we consider a reference configuration
X� = {X�M} for the whole system. Therefore, differentiation will be carried
out with respect to X�M .

We assume furthermore that K� = K�(ẋGr) and is independent on ẋ�r and
by this expresses inertia effects related to the elementary unit only.

Let us discus in more detail the first term of the balance energy equation
(20). Then, we have

∫
x�G(Up)

�
dE�

dt
dv =

∫
x�G(Up)

[�
∂Ω�

∂xGj,r

∂xGj,r

∂x�Gi,M
ẋ�Gi,M + MikẍGk(x�)ẋGi(x�)]dv .

(21)
Let us notice that ẋ�Gi,M = ẋGi,px�p,M + x�Gi,pẋ�p,M . Then, the formula (21)
can be transformed into the form

∫
x�G(Up)

�
dE�

dt
dv =

∫
x�G(Up)

{[−�(
∂Ω�

∂xGj,r

∂xGj,r

∂x�Gi,M
x�p,M ),p + MikẍGk(x�)]ẋGi+

+[−�(
∂Ω�

∂xGj,r

∂xGj,r

∂x�Gi,M
xGi,p),M ẋp}dv+

∫
∂x�G(Up)

{[�(
∂Ω�

∂xGj,r

∂xGj,r

∂x�Gi,M
ẋ�Gix�p,M )npda .

(22)
The last term in (22) will be identified with the first term defining WE in (16)
in what follows. Thereby, by this assumption we have postulated form of W�i.

Similar derivation can be carried out for the next three terms which are
present in the first line of the equation (20).
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We assume that the configuration x� describes rigid rotation only. Then,
x�r,M = RrM is represented by a rotation tensor for points x ∈ x�G(Up). If
we consider terms associated with the external region of particle Ue then we
have x�p,M = RpM = δpM since this part of the medium does not rotate. Then,
∂xGj,r

∂x�Gi,M
x�p,M =

∂xGj,r

∂x�Gi,p
= δijδrp. Taking into account expressions obtained from

four first terms of (20) by considerations similar to that one in (22), assumed
independence of time processes ẋGi, ξ̇Gi, we obtain local forms of equations for
various regions of space:

−�(
∂Ω�

∂xGj,r

∂xGj,r

∂x�Gi,M

x�p,M),p + M�ikẍGk = 0 (23)

for x ∈ x�G(Up) corresponding to rotating part of the medium, and

−�(
∂Ω�

∂xGi,p
),p + M�ikẍGk = 0 (24)

for x ∈ x�G(Ue) which corresponds to the external, resting part of the medium,
and

−�(
∂Ωξ

∂ξGj,r

∂ξGj,r

∂ξ�Gi,M
x�p,M ),p + Mξikξ̈Gk = 0 (25)

for ξ ∈ ξ�G(Up),

−�(
∂Ωξ

∂ξGi,p
),p + Mξikξ̈Gk = 0 (26)

for ξ ∈ ξ�G(Ue), what means that they are valid as previously, for rotating and
resting part of the medium correspondingly.

The balance of energy equation for points lying on the surface S can be
derived directly from (18). We realize transition to the surface S by a sequence
of sets Pk+1 ⊂ Pk, S ⊂ ⋂∞

k=1 Pk. Then,
∫
∂x�G(Pk) φda → φ+ − φ−. Using this

method to (18) we obtain

−�E−
� ẋ−

�Gini + �E+
� ẋ+

�Gini − �E−
ξ ξ̇−�Gini + �E+

ξ ξ̇+
�Gini+

+[[�E�]]Vini + [[�Eξ]]Vini − eS − W−
�ini + W+

�ini − W−
ξi ni + W+

ξi ni = 0 (27)

which leads to its final form

[[�E�(Vi− ẋ�Gi)ni]]+ [[�Eξ(Vi − ξ̇�Gi)ni]]−eS − [[W�ini]]− [[Wξini]] = 0 . (28)

We assume in what follows that (Vi − x�Gi)ni ≈ (Vi − ξ�Gi)ni = US. Then, the
equation (28) takes the form
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([[�E�]] + [[�Eξ]])US − eS − [[W�ini]] − [[Wξini]] = 0 . (29)

Behaviour of the medium associated with the neutrino is described by equa-
tions (23)-(26). Form of these equations is similar to local form of momentum
balance equations connected with the medium. Hitherto we have not defined
any momentum. Such equations appear in natural way as a consequence of in-
dependence the time processes ẋGi, ξ̇Gi. Consequently, the equation (28) does
not represent surface conditions for (23)-(26). In order to discuss correspond-
ing boundary conditions we should postulate a kind of balance of momentum
equations related to the surface S. To this end we postulate the quantity which
would be interpreted as a kind of momentum, considered within the medium,
by the formula

Mi =
∫
x�G(U)

�M�ẋGidv +
∫
ξ�G(U)

�Mξ ξ̇�Gidv , (30)

where M�, Mξ are applied in simplified form in comparison with M�ik and Mξik

defined above.
We assume that the quantity Mi is conserved what enables us to discuss

a possible balance of momentum equation. To this end we divide the space
E3 into Up ∪ S ∪ Ue in similar way as this is done for the balance of energy
equation.

General form of the balance of momentum equation is considered as equa-
tion

dM
dt

= −WM + RM , (31)

where we postulate

WMi =
∫

∂x�G(Up)
TxGijnjda +

∫
∂ξ�G(Ue)

Tξijnjda , (32)

and

RMi =
∫

S
tSida . (33)

Taking into account introduced formulas and presence of the discontinu-
ity surface S, we postulate the following form of the balance of momentum
equation

∫
x�G(Up)

∂(�M�ẋGi)

∂t
dv +

∫
∂x�G(Up)

�M�ẋGiẋ�Gjnjda +
∫
S
([[�M�ẋGi]]Vjnjda+

+
∫
x�G(Ue)

∂(�M�ẋGi)

∂t
dv +

∫
∂x�G(Ue)

�M�ẋGiẋ�Gjnjda+
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+
∫
ξ�G(Up)

∂(�Mξ ξ̇�Gi)

∂t
dv +

∫
∂ξ�G(Up)

�Mξ ξ̇�Giξ̇�Gjnjda +
∫
S
([[�Mξ ξ̇�Gi]]Vjnjda+

+
∫
ξ�G(Ue)

∂(�Mξ ξ̇�Gi)

∂t
dv +

∫
∂ξ�G(Ue)

�Mξ ξ̇�Giξ̇�Gjnjda −
∫
S

tSida+

+
∫

∂ξ�G(Up)
TxGijnjda +

∫
∂ξ�G(Ue)

Tξijnjda = 0 . (34)

The equation (34) can be transformed by means of the same method as
that one which has been applied for transition to the surface S for the balance
of energy equation. Then we obtain

([[�M�ẋGi]] + [[�Mξ ξ̇�Gi]])US − [[TxGijnj]] − [[Tξijnj ]] − tSi = 0 , (35)

where we have applied again US = (Vi − x�Gi)ni ≈ (Vi − ξ�Gi)ni.
Consequently, the balance of momentum equation (34) is viewed as a sup-

plementary condition to the balance of energy equation (20). Then, the equa-
tion (35) allows one to discuss boundary conditions for equations (23)-(26).

5 Description of surface processes

Let us discuss in more detail methods of modelling of near-to-surface processes.
We assume that the discontinuity surface S appears as a result of exceeding a
critical stress expressed in geometrical system determined by pairs of vectors
{m, n}, where m = {mi} is unit and tangent vector to the surface and
n = {nj} is unit and perpendicular to this surface vector. We define such a
critical condition by means of the formula

miTxGijnj = τC , (36)

where TxG
is the stress tensor associated with deformation function xG and τC

is a critical value of the corresponding stress.
We assume that each pair of unit and perpendicular vectors {m, n} consti-

tute the geometrical system in which the surface S can be generated. Thereby,
all directions in space are equivalent with respect to the discontinuity surface
generation.

By the condition (36) we postulate that activation of motion on the sur-
face S is connected with a shear stress. Justification for such a postulate
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is expressed by fact that motion on the surface is realized in tangent to the
surface direction.

After exceeding the critical stress the �-medium is separated into parts
which move with respect to each other. In order to describe such a motion
we have to introduce additional kinematical variables. In particular, we define
displacement duS on the surface. Let X be a chosen point of space in a
reference configuration for which the condition xS = x+

�G(X, t) = x−
�G(X, t)

is satisfied for a given t. Then, the displacement evolving from time instant t
to t + dt is defined by

duS = x−
�G(X, t + dt) − x+

�G(X, t + dt) . (37)

It is assumed furthermore that duS is tangent to the surface
S at the point xS. Thereby, we do not discuss any motion of S in per-

pendicular to this surface direction by this kinematics. However, we admit in
general that the whole surface S can move in perpendicular direction which
will be discussed later. Motion of S in the perpendicular direction is connected
with motion of the particle.

The definition of displacements enables in turn to define relative velocity
of parts of the medium placed on both sides of the discontinuity surface as
follows

vS(xS) =
duS

dt
(X, t) =

∂x−
�G

∂t
(X, t) − ∂x+

�G

∂t
(X, t) . (38)

Since the motion of the particle is connected with motion of the surface and
is conditioned by near-to-surface dynamics, we are interested in determination
both normal velocity of the surface as well as tangent, relative velocity of
parts of media considered on the surface. To this end we assume constitutive
equations for the stress tensor considered on the surface. Let

T+
xG

n = f+ , T−
xG

n = f− , (39)

where we postulate

f+ = τ S , f− = τ S + fD , (40)

where τ S represents degree of bonding on the surface. This is a measure of
transmission of stress through the surface. Then, fD characterizes change of
energy of deformation associated with the stress tensor, between both sides of
the surface.

With the aid of formulas (39) and (40) we obtain

T−
xG

n − T+
xG

n = fD (41)

and
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T+
xG

n + T−
xG

n

2
− τ S =

1

2
fD . (42)

The equation (41) is similar to balance of momentum equation (35) and
therefore will be useful in determination perpendicular velocity of the surface.
The equation (42) will be applied to postulating equation describing motion on
the surface. We introduce notation A(TxG

n) = 1
2
(T+

xG
n+T−

xG
n) for simplicity.

We postulate the following equation which describes dynamics on the sur-
face S

A(TxG
n) − τ S(vS) + fS(vS) − Cξv̇S = 0 . (43)

We postulate that fS(vS) is a force which is activated with increasing vS

after exceeding the critical condition (36). It is assumed that fS(0) = 0.
Furthermore fS increases with increasing length of vS until to attaining a
maximum and next decreases. Then the axis vS is intersected at vS = v∗

S,
where fS(v∗

S) = 0 again.
It is also assumed that mτS = τS and τS = τC and for vS = 0. Further-

more, τS(vS) is positive and decreasing function of length of vS and its value
tends to zero.

The last equation and (39), (40) determine also fD by the formula

fD = −2(fS(vS) − Cξv̇S) . (44)

Our modelling of the free neutrino should take into account the following
aspects which characterize stationarity of the neutrino during the free motion:
constant velocity and geometry of the discontinuity surface, stationary motion
on this surface and constant value of energy transported with the neutrino.

Let us discuss geometrical properties of the surface associated with the
neutrino motion. We obtain from (29) formula for velocity of the discontinuity
surface as

US =
[[W�ini]] + [[Wξini]] + eS

[[�E�]] + [[�Eξ]]
≡ λE . (45)

On the other hand postulated by the equation (35) balance of momentum also
determines velocity of the discontinuity surface S which is given by

US =
[[TxGijnj ]] + [[Tξijnj ]] + tSi

[[�M�ẋGi]] + [[�Mξ ξ̇�Gi]]
≡ λMi , (46)

where we have introduced above notations λE and λMi.
Let us notice that formulas (45), (46) introduce constraints on constitutive

equations on the surface since λE = λMi.
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We assume in what follows that the shape of the neutrino is axially sym-
metric and that this particle moves along the symmetry axis z. We can apply
in such a case cylindrical coordinates. Then, the shape of the particle can be
described by means the function r = r(z), where r is radius expressed in the
cylindrical coordinates. This function describes also the discontinuity surface
S = {{r(z), ϕ}; z ∈ Iν , ϕ ∈ (0, 2π]}, where Iν is an interval for which the
function r(z) is determined. In discussed above case the unit and normal to
the surface vector takes the form n = {nr, nϕ, nz}.

The motion is continued in the direction indicated by the component nz.
We assume that such a motion is realized with a constant velocity Cν . The
relation between motion in perpendicular direction of the surface and its mo-
tion in direction nz is given by US = Cνcosα, where α is an angle between n
and nz. Furthermore, we have the relation ∂r

∂x
nr

nz
= −1, between derivative of

the function r and components of the vector n. Then, the component nz can
be expressed as follows

nz =
−∂r

∂z√
1 + (∂r

∂z
)2

. (47)

Since uz = cosα, we obtain that

US = Cν

−∂r
∂z√

1 + (∂r
∂z

)2
. (48)

Finally we are able to express the differential equation which describes geom-
etry of our particle in the following form

∂r

∂z
=

λ√
1 − λ2

, (49)

where λ = λE/Cν or λ = λMi/Cν .
The equation (49) together with (45), (46) enable discussion of possible

shape of the neutrino surface in connection with surface constitutive equations.
As it has been mentioned above total energy of neutrino is also important

aspect of modelling. Therefore we express it formally by

Eν =
∫

E3
�(E� + Eξ)dv . (50)

Formulas (45), (46), (49) and (50) are useful for discussion of various pos-
sible models of the neutrino. Let us consider some aspects of this modelling.

Let us discuss a possible scenario of neutrino evolution assuming some
properties for quantities on the surface. We have at our disposal two main
fields h and ξ associated with neutrino. The first one evolves until the critical
condition is attained. Then, a portion of energy associated with the term E�
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is cumulated within this field. We assume that after activation of motion on
the surface, energy is transferred into the field ξ since the interunit bonds are
permanently broken. Transfer of energy from form E� into Eξ is postulated to
happen on the surface S.

We assume that energy is conserved. It is natural to postulate that con-
served is also amount of interchanged energy. Consequently, the constitutive
equation on the surface is introduced by the formula

[[W�ini]] + [[Wξini]] = 0 . (51)

This relation expresses fact that the field ξ�G gains energy from the field xG.
At this moment we also assume that eS = 0 in (45). However, let us notice

that constitutive equation given by (51) leads directly to US = 0 owing to the
equation (45) with eS = 0. It means that the neutrino is not in motion.

If we consider neutrino as axisymmetric and moving along the axis z then
we expect just that US = 0 on the lateral side of the surface denoted now by
SL. Thereby, the motion is continued by frontal and back parts of S denoted
as SF and SB correspondingly. Thus we have assumed that S = SF ∪SL ∪SB.
Then, corresponding to them velocities take values UL = 0 and UF 	= 0,
UB 	= 0. Consequently, we should modify (51) in order to make possible
modelling UF 	= 0 and UB 	= 0.

We modify the equation (51) assuming its validity in nonlocal form
∫
S
([[W�ini]] + [[Wξini]])dv = 0 . (52)

Then, the total interchange of energy between fields x�G and ξ�G is also con-
served.

We can introduce the term rξS(x) which represents an amount of energy
which is lost from the point x ∈ S into other points of the surface. Then,

rξS(x) =
∫
S

rξ(x, z)dz (53)

is expressed by densities of energy rate which is transferred to the point z ∈ S
from the point x. We also postulate that

∫
S

rξS(x)da = 0 (54)

which also expresses the conservation of energy interchanged. Then, we can
add the null term (54) to the equation (52). This step finally leads to obtaining
the local form of constitutive equation on the surface by

[[W�ini]] + [[Wξini]] + rξS = 0 . (55)

Using equations (45) and (55) we obtain that the velocity of the surface US

can now be expressed as
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US =
−rξS

[[�E�]] + [[�Eξ]]
, (56)

Consequently, by postulating particular forms of rξS we can obtain a method
for modelling the neutrino motion. In particular we can maintain

UL = 0 within this approach. Indeed, let us assume that the transfer of
energy expressed by rξ(x, z) has a finite range or

in other words

∫
S

rξ(x, z)dz =
∫

R(x)
rξ(x, z)dz , (57)

where R(x) ∈ S and diameter of R(x) is considerably smaller than the size of
S. Then, on lateral part of the surface considered as side surface of cylinder
for instance, we expect some homogeneous conditions. Then, we admit with
the help of (53) and (54) that

∫
R(x)

rξS(x) =
∫

R(x)

∫
R(x)

rξ(x, z)dzdx = 0 . (58)

Thus assumed homogeneity of properties suggests that rξS = 0 for some regions
corresponding to the homogeneity. As a result of this we have that UL = 0.

Modelling UF 	= 0 and UB 	= 0 follows from (44) and (46). We have intro-
duced by (41) that [[TxG

n]] = fD = −2(fS(vS) − Cξv̇τ ). Evolution equation
(43) for vS allows one to discuss processes near SF and SB.

The axis z of the neutrino has common points with SF and SB denoted here
by zF and zB correspondingly. Then, in some vicinity of zF ∈ VF ⊂ SF we
have considerably small velocity vS. Let us note that for vS = v∗

S the function
fS vanishes what leads to vanishing fD and as a result of this, interactions also
vanish on the surface. Such a situation appears on SL which can be viewed
as stationary. For smaller velocities vS we have to do with more active forces
fS what induces [[TxG

n]] 	= 0 and increasing interactions through SF and SB.
Therefore, motion of neutrino is considered along its axis.

Precise modelling of this motion depends on postulated particular forms
of surface quantities. We can express for instance blocking of energy transfer
from the field xG into the field ξ on the surface

SF by the formula

rξS = −α(vS)[[W�ini]] (59)

where α(0) = 1, α(v∗
S) = 0 and α is positive, decreasing function of the

vS length. Then, for small vS the quantity UF depends on [[W�ini]] mainly.
In the case of such a modelling the formula (54) can be useful for possible
interpretation of (59).
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By the quantity rξS we can consider a large variety of models of surface
motion which are not discussed here in detail. Other factors can also be re-
sponsible for the surface motion. We can mention dependence of τC on ξ on
both sides of the surface. Then, critical values for T−

xG
or T+

xG
can influence

admissible stress jump on the surface. It is expected that evolution for ξ
and especially dynamics described by this variable could influence the surface
motion.

6 Remarks on possibility of modelling bounded

state of neutrino

It is assumed in this paper that muon μ or pion π− are composite particles
which contain electron and several neutrinos in a bounded state. Such a state
can happen here owing to strong electric field of electron and rotation of neu-
trino.

Electric field is modelled within �-medium by the field u(x). In the paper
[5] Maxwell equations [7] are reinterpreted in such a way that equations A∂ui

∂t
=

εijk
∂qj

∂Xk
and B ∂qi

∂t
= εijk

∂uj

∂Xk
express interactions between pairs of components

�v, �v̄ and �w, �w̄ of the vacuum medium. Thereby it is natural to admit
the case when rotating part of the �-medium representing neutrino induces
electromagnetic field in presence of external electric field of electron.

We assume that a kind of current appears on the surface of neutrino. This
current can be expressed by the formula

jS = Cj|u|vS , (60)

where Cj is a constant and |u| is length of u.
Consequently, high velocity of neutrino, its rotating motion in presence

of external, strong electric field induces electromagnetic field. This field can
propagate within neutrino as well as on the outside of this particle. Therefore,
it is possible to model observed change of motion of electron during neutrino-
electron scattering process [8]. Such a change in motion can happen owing to
pure electromagnetic field induced by neutrino. Evolution of this kind could
also occur by means of the boson Z which has decay mode similar to particle-
antipartice pair and therefore could happen in considered conditions.

Above discussion justifies interaction of free neutrino during its temporary
presence near electron. However, we can also admit another situation. The
neutrino is created during electron-positron scattering process. Then, creation
of neutrino is viewed as joining of a part of component a from electron with a
part of component b from positron. In dynamical conditions associated with
collision of particles, a and b recover structure of � which has to rotate directly
near the electron and free motion of neutrino is not yet activated.
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We can admit that neutrino in such conditions interacts with electron
through activation of motion on the surface SL. Such suggestion is motivated
by inhomogeneous distribution of electric field on the surface of neutrino. As
a result direction of motion of SL should be connected with direction of the
electric field u. It is expected that a centripetal force acting on SL appears and
is directed into center of electron. At the same time the strong electric field
could block motion of surfaces SF and SB. This kind of motion of neutrino
could be viewed as nonstationary and with time this particle could be released
into free motion. Such a situation is then interpreted as decay of muon or
pion.

Description of the bounded state is imaginable by plotting functions Ω�, Ωξ

and quantities considered on the surface S with u. Then, modelling of various
motions of neutrino in electric field would be possible. However, we should
first describe behaviour of electromagnetic field within neutrino. Furthermore,
modelling of strong electric field directly near the charged particle is necessary.
It is expected that such a field differs from the Coulomb field. Discussion of
this problem is carried out in [9].

Above considerations indicate that modelling of the bounded state is viewed
as much more complicated than the free neutrino.

7 Final remarks

We have discussed above the prototype model of free neutrino. Relation to
free neutrino is manifested here by processes associated with parts of the dis-
continuity surface denoted by SF , SB and SL.

We have remained some details of the model as not specified. This is
especially related to constitutive equations. Thereby, we have at our disposal
a class of models rather than one model of the free neutrino, with a freedom
for postulating particular processes, especially related to the surface S.

Construction of such a model is aimed at providing a bridge between el-
ementary unit properties and whole particle behaviour. Then, particles are
viewed as objects at larger scale. Thereby, we have obtained a method for
analysis of influence of properties of elementary units on described behaviour
of particles.

On the other hand, however, premises for modelling follows from experi-
mentally observed properties of particles. Usually, our theoretical concepts are
also related to particles directly. Thereby we are interested in realization of
reverse direction in modelling which rely on transmission of properties from
larger scale objects to elementary units.

The question is what for we discuss elementary units and vacuum medium
structure at all. When we discuss sufficiently large number of properties of par-
ticles and transfer them into elementary units level then, it is a hope, we could
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obtain more clear picture what postulates for the vacuum medium should be in-
troduced. Sufficient number of premises and experiences on this route perhaps
lead, with time, to more autonomous, new concepts which would be related
directly to the vacuum medium structure. Examples of using up properties
of particles to formulating vacuum medium assumptions are already present
in this paper. We expect that neutrino rotates. By means of this premise we
postulate surface superfluidity property. We expect that free neutrino moves
along its axis. This suggests postulates related to interactions on the discon-
tinuity surface. In particular assumptions that high velocity vS is connected
with vanishing interactions and small velocities lead to increasing interactions
through surface are present. Observed change in motion of electron during
electron-neutrino scattering is a premise for postulating interactions with ex-
ternal electric field through surface of the neutrino.

We derive consequences also from the most elementary postulates. Our
concept that neutrino motion is not connected with any separation of compo-
nent leads to important conclusion that no wave function is associated with
neutrino within this method of modelling.

Summarizing, speculative modelling of the vacuum medium gives a hope
for considering a large variety of concepts connected with elementary particle
processes.
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