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ABSTRACT

It is now recognized that a neutrino is a massive spin-1/2 particle. Consequently, neutrino-
antineutrino pair production and their pair annihilation are theoretically valid processes. The data
prove that the strength of weak interactions increases with collision energy. Therefore, a neutrino
pair production event is expected to be a significant process in the region which is just outside
the event horizon of a black hole. Another neutrino source is the pair production of particles
like muons and charged pions whose decay produces neutrinos. Similarly, copious neutrino pair
production events are expected to take place right after the big bang. Since a neutrino does not
directly participate in electromagnetic interactions, its pair annihilation cannot directly produce
photons. For this reason, a low energy neutrino-antineutrino collision can only go to another
neutrino-antineutrino pair. It follows that the number of low energy neutrinos increases with time.
This effect may contribute to the problem of the missing mass of the universe.
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1 INTRODUCTION

The positron was discovered in the very early
days of quantum theory. This discovery has
established the pair production attribute of a
Dirac particle (see [1], p. 5). In principle, if
the excitation energy of an appropriate system
of interacting particles or the kinetic energy of
two colliding particles is higher than the sum
of the electron-positron mass then an electron-
positron pair production effect may take place.
Pair annihilation is a corresponding effect where
an electron and a positron destroy each other.
The decay of the positronium into two or three γ
photons demonstrates this effect. An analogous
example is the electron-positron annihilation and
the Z-boson production e+e− → Z at collision
energy that is close to 91 GeV (see [2], pp. 428-
434).

Pair production and pair annihilation are a
general property of Dirac particles. For example,
the decay channel of the Z boson Z →
µ+µ− is an example of muon pair production
[3]. Furthermore, quarks are spin-1/2 particles,
and, in principle, a meson production is a pair
production of a q̄q bound state (see e.g. [2], p.
252). Thus, the decay of the baryon ∆(1232) →
Nπ [3] is an example of an excited baryonic state
that decays into a nucleon and a pion, where
the pion is a bound state of a q̄q pair. Similarly,
the decay π0 → 2γ [3] is an example of a
q̄q pair annihilation. For a discussion of q̄q pair
annihilation, see also [4], p. 294.

It is now recognized that ”neutrinos can no
longer be considered as massless particles” [5].
Here is a quotation indicating that the concept
of a massive neutrino is already accepted
by the general community: ”The Nobel Prize
in Physics 2015 recognizes Takaaki Kajita in
Japan and Arthur B. McDonald in Canada, for
their key contributions to the experiments which
demonstrated that neutrinos change identities.
This metamorphosis requires that neutrinos
have mass. The discovery has changed our
understanding of the innermost workings of
matter and can prove crucial to our view of the
universe” [6].

The neutrino mass affects many physical
properties of this particle. One result of this

evidence is that, like the case of other Dirac
particles, the pair production effect should also
hold for neutrinos. The present work is dedicated
to an analysis of the physical and astrophysical
consequences of this process. The concept of a
massive neutrino was established only 20 years
ago [6]; however, the very small upper bound on
its mass was published only a few years ago [7].
This progress increases the experimental basis
of the concept of neutrino pair production.

The problem of neutrino pair production effect
is discussed in the literature (see e.g. [8,
9, 10, 11]). However, unlike the case of
electrically charged leptons and quarks, there
are quite a few textbooks and review articles
that refrain from a discussion of the neutrino
pair production issue (see e.g. [1, 2, 5, 4]).
For this reason, the neutrino pair production
and pair annihilation processes deserve a more
extensive discussion. The present work shows
relationships between data of neutrino mass
and astronomical measurements that indicate the
existence of a missing mass in the universe, and
describes some new aspects of this issue.

Units where ~ = c = 1 are used. Greek indices
run from 0 to 3. Most formulas take the standard
form of relativistic covariant expressions. The
metric is diagonal and its entries are (1,-1,-1,-
1). Following the first part of the introduction,
the second section explains why the electroweak
theory is not used in the analysis presented
herein. The third section examines the physical
properties of neutrinos. The fourth section
shows neutrino sources that exist in the universe.
The fifth section discusses the astrophysical
consequences of neutrinos. The last section
summarizes this work.

2 INHERENT CONTRADIC-
TIONS OF THE ELECTRO-
WEAK THEORY

The neutrino analysis that is carried out below
does not rely on the electroweak theory. The
reason is that it has recently been proved
that this theory suffers many uncorrectable
contradictions (see e.g. section 3 of [12] and
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references therein). Here are a few examples that
substantiate this matter.

1. The factor (1±γ5) is an important quantity
of the electroweak theory, and it agrees
with a massless neutrino. The literature
substantiates the relation between a
massless neutrino and the electroweak
theory. Indeed, the factor (1 ± γ5) is
associated with ”a neutrino which travels
exactly with the velocity of light” [13].
A review article restates the neutrino
masslessness attribute of the electroweak
theory: ”Two-component left-handed
massless neutrino fields play crucial role
in the determination of the charged current
structure of the Standard Model” (see the
Abstract of [14]). Similarly, a textbook
says: ”Neutrino masses are exactly zero
in the Standard Model” (see [15], p. 533).

As shown in the introduction, experiments
already refute this electroweak element.
Furthermore, the unitary representations
of the inhomogeneous Lorentz group were
analyzed by Wigner (see [16, 17, 18]). The
result of his work revealed that a massive
particle and a massless particle belong
to different categories. The following
argument indicates that this is quite an
obvious result. Indeed, there is a Lorentz
frame for a massive particle where it is
instantaneously at rest. There is no such
frame for a massless particle.

It can be concluded that the progress
of experimental physics refutes the
electroweak concept of a massless
neutrino.

2. A physical theory is unacceptable if it fails
to satisfy vital requirements. Here are two
issues that electroweak theory textbooks
do not mention:

2.1 Let us examine Maxwellian
electrodynamics and the electrically
charged W± bosons that
are essential elements of the
electroweak theory. ”The equations
governing electromagnetic
phenomena are the Maxwell
equations” (see [19], p. 2). Charge
conservation is a crucial element

of Maxwellian electrodynamics, and
the continuity equation

jµ,µ = 0 (1)

is the mathematical form of this
principle (see [20], pp. 76, 77).
Here jµ denotes the 4-current of the
electric charge. The Dirac equation
satisfies charge conservation (see
[21], p. 24). It is interesting to
note that a consistent expression
for a conserved 4-current of the
Dirac equation of the electron
(and of its associated density) was
found about one month after the
publication of this equation [22, 23].
By contrast, the electroweak theory
of the charged W± bosons is
about fifty years old and this
theory still has no expression that
proves charge conservation of these
bosons. Indeed, important research
centers like Fermilab and CERN use
an effective expression for the W±

electromagnetic interaction [24, 25].

This evidence proves that the
electroweak theory violates
Maxwellian electrodynamics.

2.2 Physics contains successful
theories that describe the
interaction between physical
objects. The general structure
of these theories relies on a
Lagrangian function whose Euler-
Lagrange equations are those of
the motion of the relevant physical
objects. Successful physical
theories are characterized by the
fact that solutions of their equations
of motion appropriately describe
the time-evolution of the relevant
particles.

This structure holds for Maxwellian
electrodynamics and the Dirac
theory of electrically charged spin-
1/2 particles, like the electron.
The non-relativistic limit of the
Dirac equation – the Pauli equation
(see [21], pp. 11-13) and the
Schroedinger equation (see any
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textbook on quantum mechanics)
– are useful in science and
technology.

By contrast, no textbook shows
an explicit form of the electroweak
equations of motion! A fortiori,
no solution is derived for these
unknown equations.

(Perhaps the reason for this vital
flaw is that the explicit form of
the electroweak Lagrangian density
comprises more than 20 terms (see
e.g. [26], p. 518; [27]). Hence, the
explicit form of the corresponding
Euler-Lagrange equations should
look like a mess. By contrast, the
standard form of the Lagrangian
density of a Dirac particle and
electromagnetic fields comprises
just three terms

LQED = ψ̄(γµi∂µ −m)ψ

− 1

16π
FµνFµν − eψ̄γµAµψ.

(2)

Here the first term represents a
free Dirac particle, the second
free electromagnetic fields and the
third electromagnetic interaction of a
charged Dirac particle (see [28], p.
84; [29], p. 78).)

The lack of equations of motion and
their solution is another serious flaw
of the electroweak theory.

These problems justify the approach of this work
which ignores the electroweak theory and derives
neutrino properties from experimental data.

3 NEUTRINO PROPERTIES

Let us examine the neutrino’s physical properties.
Excluding gravitation, a neutrino participates only
in weak interactions. This section examines the
neutrino weak interactions.

The physical properties of weak interactions differ
from the corresponding properties of strong and
electromagnetic interactions. Parity violation

and flavor violation are well-known properties
of weak interaction. These effects enable the
detection of a weak interaction process in cases
that are forbidden by strong and electromagnetic
interactions, like the β decay of nuclei and the
decay of the K meson.

Several kinds of experimental data show that
the energy-dependence of a weak process
differs from that of electromagnetic and strong
interaction processes:

1. At low energy, weak interactions are
really weak and they are found only in
a process that is forbidden by strong
and electromagnetic interactions. Here
the time duration of a weak process is
many orders of magnitude longer than that
of a typical strong and electromagnetic
process (see [1], p. 207). The lifetime
of a process increases with the decrease
of the strength of the relevant force. (The
relative strength of the weak force at these
circumstances is the reason for the name
weak interactions.)

2. The energy-dependence of the cross-
section of a scattering process that is
dominated by electromagnetic interactions
is different from the case where
the scattering is dominated by weak
interactions. Thus, let us compare the
electron and the neutrino scattering data.
The electron’s electromagnetic cross-
section decreases with the increase of
energy (see [1], chapter 6), whereas
the total cross-section of the weak
interaction of neutrino scattering per
nucleon increases with energy (see
[5], p. 1323). It means that at high
enough energy a weak interaction effect
is expected to become quite powerful.
(Here the term powerful means strong,
and its usage aims to avoid confusion
with the ordinary strong interactions.)
This argument uses neutrinos as pure
sensors of weak interactions. However,
the powerful attribute of high energy weak
interactions applies to all Dirac particles.

3. The data on electron-positron collision that
produces quarks e+e− → q̄q show that at
the energy of about 200 GeV, the relative
strength of weak interactions is several
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times stronger than the electromagnetic
interactions (see fig. 16.2 on p. 430 of
[2]).

4. Let us examine the experimental
results of proton-proton cross-section
measurements [30]. The figure includes
data of a very large energy range and
the energy of a cosmic ray proton is
about 105 times greater than that of
the Large Hadron Collider of CERN
(the international research organization
based in Geneva, Switzerland) where
the latter is the highest energy produced
in laboratories. It means that there are
regions in the universe where the energy
of particle interaction is extremely high.
The space just outside the event horizon
of a black hole is a plausible candidate
for this kind of region [31, 32, 33]. The
previous arguments indicate that weak
interaction processes are expected to
take place in such a region. Referring to
neutrino production, this process may be
a direct ν̄ν pair production or a secondary
neutrino production process, like that of
the charged pion decay sequence [3]

π− → µ−ν̄µ

µ− → e−ν̄eνµ. (3)

There are other aspects of neutrino interactions.
As stated in the introduction, pair production
also applies to neutrino interactions. The data
show that the neutrino mass is much smaller
than that of the electron. Recent neutrino
measurements indicate that the upper bound of
its mass is significantly smaller than 1 eV [7],
namely, smaller than 10−6 times the electronic
mass. Moreover, each flavor of quarks and
leptons participate in weak interactions. The
neutrino tiny mass means that neutrino pair
production is an effect that may take place in
many scattering events.

The neutrino pair annihilation requires a special
examination. A neutrino does not participate in
electromagnetic interactions. For example, the
upper bound of the neutrino magnetic moment
is smaller than 10−10 µB [3]. (It means that the
strength of a ν̄ν magnetic interaction must be
smaller by a factor of 10−20 with respect to the
corresponding interaction of electrons.) Hence,

a ν̄ν pair cannot directly decay into photons.
It follows that a neutrino pair annihilation must
go into a pair of Dirac particles. Therefore,
ignoring higher-order processes, a collision of
two neutrinos whose invariant mass is less than
2Me = 1.022 MeV can only go to another pair
(or pairs) of neutrinos. (Here Me denotes the
electronic mass.) This restriction means that at
the ordinary region of the universe, the number
of appropriately low energy neutrinos does not
decrease. On the other hand, neutrinos pair
production may take place in a collision of cosmic
rays of protons, electrons, and neutrinos with
other neutrinos that already exist in the universe.

This discussion indicates that the number of
neutrinos in the universe increases with time.

The neutrino tiny mass yields another attribute
of this particle: Except at the very low
energy region, its motion is extremely relativistic.
Evidently, this neutrino velocity is larger than the
escape velocity of cosmological bodies, except
places like the inner region of a black hole.
Hence, free neutrinos are expected to be found
in the galactic and intergalactic space.

4 NEUTRINO SOURCES IN
THE UNIVERSE

Experiments prove that a neutrino production
effect is found in many natural processes of the
present state of the universe. Here is a list of this
kind of event.

1. Many non-artificial nuclear isotopes
undergo a β-decay. The decay of a free
neutron

n→ p+ e− + ν̄e (4)
is an example of such a process (see [34],
p. 23). Another example is the decay of
the carbon isotope

14C → 14N + e− + ν̄e. (5)

Every nuclear β-decay produces a
neutrino or an antineutrino.

2. Pions are produced by an energetic
collision, for example, by cosmic rays in
the upper atmosphere. It is shown in (3)
that neutrinos are emitted in the decay
chain of a charged pion.
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3. Nuclear reactions take place in stars like
the sun. One result of these reactions is a
neutrino emission (see [34], p. 366).

4. A supernova is a dramatic collapse of a
star under its gravitational force. Here
protons eventually capture electrons and
convert into neutrons. Neutrinos are
emitted in this process (see [34], pp.
381, 382). The neutrinos emitted from
the supernova 1987A that were detected
on earth confirm this interpretation of a
supernova process.

5. Galactic sources of high energy neutrinos
that are produced by binary stars where
one of them is a compact object are
discussed [35, 36]. These systems are
called microquasars.

6. Extremely high energy processes take
place at the spatial region just outside
the event horizon of a black hole. In
principle, pair production of all kinds of
Dirac particles should be found in this
region. The above-mentioned powerful
property of weak interactions at extremely
high energy indicates that in this energy
region the neutrino pair production is not
a negligible effect. Besides this effect,
pair production of particles like muons and
charged pion production yield particles
whose decay mode contains neutrinos
(3). Furthermore, the tiny neutrino mass
proves that, relative to other massive
particles, neutrinos are more likely to
escape this region. These arguments
explain why the outer part of a black hole
is expected to be a ”neutrino factory”.

It is interesting to note that the IceCube
collaboration has recently reported a
detection of an extremely high energy
neutrino that has been emitted from a
known blazar [37]. This event may result
from a direct neutrino pair production
or from a decay sequence like that of
a charged pion (3). In either case, it
shows that very high energy neutrinos are
produced in the outer region of a black
hole.

7. These arguments mean that the neutrino
population of the universe may be a non-
negligible phenomenon. Therefore, high

energy cosmic rays of protons, heavier
nuclei and leptons may interact with
these neutrinos and produce neutrino pair
production events.

Items 1-7 point out neutrino production in the
present state of the universe. Evidently, a
copious amount of neutrinos are expected to be
produced shortly after the big bang event.

As explained in the previous section, a pair
of neutrino-antineutrino whose energy is less
than 1.022 MeV cannot disappear. It means
that low energy neutrinos accumulate in the
universe. Due to their extremely tiny mass, a
considerable portion of these neutrinos move
relativistically. For this reason, they are evenly
populated in galactic and intergalactic space.
However, general considerations indicate that
the density of extremely low-energy neutrinos is
higher at the galactic inner region.

5 ASTROPHYSICAL CONSE-
QUENCES

Astronomical observations indicate that galactic
stars and their black holes cannot explain galactic
gravitational phenomena. Referring to this
issue, a review article states that ”a general
picture emerges, where both baryonic and non-
baryonic dark matter is needed to explain current
observations” [38]. One kind of the missing
matter is called Cold Dark Matter (CDM). ”CDM
is thought to consist of particles (sometimes
referred to as ’exotic’ dark-matter particles)
whose interactions with ordinary matter are so
weak that they are seen primarily via their
gravitational influence” (see [39] p. 306,[40]). A
candidate for the missing matter is called Weakly
Interaction Massive Particles (WIMP) [3]. An
experimental search for WIMPs is carried out for
several decades, but there is still no confirmation
of the existence of relatively massive WIMPs.

Neutrinos are mentioned in [38, 39, 40] as
possible candidates for a part of the missing
mass of the universe. The present work which
depends on the relatively new concept of massive
neutrinos changes the picture. Considering a
neutrino as an ordinary Dirac particle, the above-
mentioned pair production effect together with
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the blocked channel of low energy neutrino pair
annihilation indicate that the neutrino population
of the universe may be quite significant and that
their role should not be ignored.

Another astrophysical problem is the geometrical
structure of the universe. This issue depends on
the space-time curvature that is derived from a
general relativistic treatment of the distribution of
the entire energy/mass of the universe. It turns
out that the global structure of the universe is
still an open problem. For example, a recently
published article addresses this issue and argues
that gravitational curvature renders a closed
universe [41]. Another discussion of the structure
of a closed universe can be found in the literature
[42]. By contrast, other articles that have been
published in the new millennium argue that the
universe is flat [43, 44]. This work describes new
arguments that support the existence of galactic
and intergalactic neutrino populations and the
gravitational field of these neutrinos may be used
for the clarification of this open problem.

6 CONCLUSIONS

This work uses the relatively new evidence where
neutrinos are massive Dirac particles. Neutrino
pair production is one result of this issue. The
data show that at very high energy the intensity
of weak interactions becomes quite powerful.
Hence, a neutrino pair production in regions
of space that are close to the event horizon
of a black hole is quite a significant process.
Furthermore, the decay of particles like charged
pions and muons produce neutrinos. A fortiori,
neutrino production during the big bang epoch
is expected to be quite a significant process
as well. On the other edge of the energy
scale, the irrelevance of neutrino electromagnetic
interactions means that for a very low energy
neutrino collision, a neutrino pair annihilation can
only go into a neutrino pair production. It can be
concluded that outside black holes, the neutrino
population of the universe is expected to increase
with time.

Pauli proposed the neutrino about 90 years
ago and its detectability has made progress
since then. At present energetic neutrinos can
be detected by devices, whereas low energy

neutrinos are still directly undetectable. However,
the theoretical arguments that are described
above indicate the existence of low energy
neutrinos that are roaming elusively throughout
the universe.

Astrophysical evidence indicates the existence of
a dark matter in the universe [39, 40]. It turns
out that the search for very massive WIMPs has
not confirmed their existence [3]. However, if
one takes literally the term WIMP then a massive
neutrino is a WIMP. The present work explains
why neutrinos may be regarded at least as a part
of the missing dark matter.
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