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Abstract. While experimental physics progressed tremendously since the 1970s, the neutron

model has remained essentially unchanged. Motivated by developments in both experiments

and theory, which we brie�y review in section 1, we propose that the initial neutron decay

step is not the emission of an 80 GeV mass boson particle, but the emission of a much lighter

lepton particle. On the basis of well-known neutron data, in section 2 we estimate that this new

lepton's mass is 1.5 MeV.

Historically, investigations of deuteron photo-dissociation led nuclear scientists to assume

that no electron-like particle is associated with neutron decay. We therefore re-examine these

experiments in section 3. We demonstrate that deuteron photo-dissociation leads to 2p+ + e−

products at high photon energies. Our calculations show why a deuteron always breaks up into

p+ n particles at <3 MeV photon energy.

Sections 4 - 7 discuss the properties and interactions of the 1.5 MeV lepton particle.

Numerous investigations, including our own experiments, demonstrate the presence of negative

elementary charges within atomic nuclei. The emission or absorption of negative nuclear charges

involves the emission or absorption of a new lepton particle, which always decays into an electron.

Various mass measurement methods converge to the same result: the emitted or absorbed lepton

is approximately three times heavier than an ordinary electron. Speci�cally, we measure its mass

to be 1553.5 keV.

Our work demonstrates that, despite being a single particle, the neutron comprises a positive

and a negative elementary charge. To make sense of the neutron structure, it is necessary to

�rstly understand the proton's and the newly discovered 1.5 MeV lepton's internal structures.

In section 9, we apply our results to better understand the neutron's properties.

1. Motivation

1.1. A brief history of the proton model

Before the 1970s, most scientists viewed the proton as an elementary particle. Starting from the
1970s, scientists working at high energy particle colliders proposed that protons and neutrons
are not elementary particles, but comprise smaller sub-particles. According to their model, a
proton and a neutron both comprise three quark sub-particles. The existence of quarks has been
suggested initially in the 1960s, based on the theoretical e�orts by Gell-Mann to model baryons
and mesons [3], which were observed in a great variety during high energy nuclear experiments.
While Gell-Mann's original quark theory required the F2 momentum distribution to peak at
x = 1

3 , reference [6] demonstrates that this is not the case because the experimentally observed

F2 peak is at x = 1
9 . This deviation from the required peak at x = 1

3 was explained away
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via the hypothesis that the three quarks originally thought to form the proton are the so-called
�valence quarks�, which are swimming in the background of �sea quarks� [4]. These so-called sea
quarks are a collection of quark-antiquark pairs, radiated by the three valence quarks. However,
the calculations of 1970s still showed that the valence quarks together with the sea quarks only
accounted for 54% of the proton's momentum [2]. A further hypothesis was added to supplement
the momentum shortfall of the quarks; chargeless particles called gluons were introduced into the
proton model [5]. Since gluons have no electric charge, the thinking was that they are there, but
the electrons probing the proton in deep inelastic scattering cannot see them. These hypothesized
gluons were assigned the missing proton momentum, and the resulting proton model became the
quark-gluon model that it is today. But even with this model of �valence quarks� swimming in
the background of �sea quarks and gluons�, there seemed to be an angular momentum de�cit
with respect to the measured angular momentum of the proton, and therefore the presence of
�virtual strange quarks� was also postulated in the 1990s [7].

Although the quark-based model was inspired by the great variety of mesons, the proposed
quark masses do not add up the masses of observed mesons. According to quark proponents, this
is explained by a negative binding energy between quarks: any particle's valence quark masses
are only a small percentage of the total particle mass, with the bulk of the particle mass coming
from particles which represent the binding force: i.e. virtual quarks and gluons. Moreover, the
valence quark : virtual quark : gluon mass ratio is allowed to vary from particle to particle
in order to match the observed masses. Now what is the physical meaning of negative binding
energy? By de�nition, negative binding energy means a meta-stable bound state. This model
implies that individual quarks should be easily observable upon the break-up of their meta-stable
binding. However, quark proponents also postulated that the meta-stable bonds between quarks
can never be dissociated. It appears that the quark-based proton model has become embraced
without any direct evidence, and maintaining it requires a forever expanding list of postulates.

Figure 1.1. The mass tripling pattern of certain mesons, reproduced from [13].

Recently, an electromagnetic proton model has emerged [14], which restores proton's
elementary particle status. This proton model employs the same methodology as the successful
electron model [9, 25] which gives tangible answers to fundamental questions, such as: what is the
electron made of?, what generates the electron's spin?, what is the meaning of the experimentally
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measured Compton radius?, and what is the meaning of the experimentally measured classical
electron radius? The proton model of reference [14] gives tangible answers to questions, such
as: what is the proton made of?, what generates the proton's spin?, what generates the proton's
anapole magnetic moment?, and what is the meaning of the experimentally measured proton
radius? While the preceding quark-based proton model violates Maxwell's equation via the so-
called �renormalization� procedure and proposes complicated interactions among experimentally
non-observable virtual particles, which are referred to as �sea quarks� and �gluons�, the proton
model of reference [14] respects Maxwell's equation and does not require the presence of energy
conservation violating virtual particles. The authors of reference [14] demonstrate that their
proton model matches all data in high energy electron-proton scattering experiments, without
employing postulates or hidden parameters.

The proton's elementary particle status implies that the neutron should comprise positive and
negative elementary charges.

Regarding mesons, an alternative modeling approach is to look for simple patterns of their
mass variations. As illustrated in �gure 1.1, some meson particles form a simple mass-tripling
pattern [13]. Coincidentally, our present work demonstrates a similar, but electron related mass-
tripling pattern.

1.2. A brief history of the neutron decay model

Regarding neutron decay, it was proposed in the 1970s that the nuclear beta-emission of electrons
and antineutrinos is being mediated by 80 GeV mass W boson particles, i.e. an XA

Z →
XA+1
Z +W−(80GeV )→ XA+1

Z +e−+ ν̄e process, which temporarily violates energy conservation.
The emission of this 80 GeV mass particle is supposedly allowed by Heisenberg uncertainty;
i.e. nucleons are thought activate this uncertainty only above a speci�c neutron:proton ratio
threshold, and keep it de-activated below that threshold. However, it seems to be a violation of
the Heisenberg uncertainty principle to model it with an on-o� switch.

Presently, claims about the structure and interactions of 80 GeV particles with 10−25 sec half-
life are highly speculative. Claiming that the emission and absorption of neutrinos is mediated by
80 GeV virtual particles is a particularly extraordinary claim, and should require extraordinary
evidence. However, the presence of aW boson was never experimentally observed during neutron
decay.

The hypothesis of 80 GeV virtual particles is experimentally contradicted by the beta decay
of the 163Dy nucleus. It is known since 1992 that the 163Dy nucleus beta decays in a fully
stripped Dy66+ state, while the same 163Dy nucleus is stable in a neutral atom [15]. Such
beta decay of Dy66+ produces a bound state electron, which has a negative energy state with
respect to a free electron. While most nuclear theorists insist that any beta decay reaction
is completely independent from electromagnetism, it is clear that the electric potential is the
controlling parameter of this beta decay process.

If beta decay was triggered by the formation of an 80 GeV massW boson particle, such process
would not care about the presence or absence of orbital electrons. Since the presence or absence
of orbital electrons is the actual control parameter of the 163Dy beta decay, it is impossible that
any W boson particle is involved in this process.

A similar experimental contradiction is also presented by the beta decay of the 210Bi nucleus.
210Bi beta decays in its ground state, but remains stable in its 271 keV excited state, which is a
long-lived excitation state. If beta decay was triggered by the formation of an 80 GeV mass W
boson particle, such process would not care about the presence or absence of a nuclear excitation
which has 5 orders of magnitude lower energy.

Based on these shortcomings, it is reasonable to consider an alternative model of neutron
decays. A more preferable neutron decay model avoids violating any conservation laws.
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2. Signatures of 1.5 MeV leptons in neutron decay

Motivated by section 1, we consider what type of particle is released during neutron decays.
Since the neutron decay end products are a proton and an electron, this released particle always
decays into an electron; i.e. it is some type of a lepton. We refer to this hypothetical lepton as
the e−n particle.

In a free-particle state, the neutron half-life is 610 seconds. Let us assume that the �rst step
during neutron decay is its transformation into bound p+ and e−n particles. Energy conservation
requires the following relationship between these particle masses:

mn = mp +men − Ebinding/c2 (2.1)

mn = mp + γLmen − Epotential/c2 (2.2)

where men is the rest mass of released e
−
n particle, and γL is the Lorentz boost factor. The above

two equations are two equivalent ways of expressing energy conservation.

Figure 2.1. Kinetic energy spectra for the electron, proton and antineutrino products of neutron
decay (reproduced from [16]).

The bound p+ and e−n particles are in motion relative to each other. At some point, the e−n
lepton decays into an electron. Momentum conservation must be maintained during the entire
decay process.

Figure 2.1 shows the energy spectrum of the �nal neutron decay products. From the
perspective of momentum conservation, is neutron decay a two-body or three-body problem? At
one end of the distribution, we have zero antineutrino energy, and thus a two-body problem of
momentum conservation. At the other end of the distribution, both the electron and proton have
zero momentum; i.e. the neutrino �eld carries away all the decay energy without impacting any
momentum to either the electron or proton. From the perspective of the two charged particles,
momentum conservation is therefore a two-body problem at both ends of the distribution
spectrum, and we assume that it remains a two-body problem in the entire spectrum.
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Figure 2.2. The energy diagram of the short-lived bound state between a p+ and an e−n lepton

First estimation of the emitted lepton mass: As the separating p+ and e−n particles
must maintain zero net momentum, the ratio between their kinetic energies equals the inverse
ratio of their respective masses. We use the peak energy values, which correspond to the highest
probability, as the characteristic kinetic energy values. Figure 2.1 shows that the ratio of proton
and electron energy peaks is 250 keV

0.4 keV = 625 ≈ 1836.15
3 =

mp+

3me−
. This data indicates that the

intermediate e−n particle is inherently 3 times heavier than an ordinary electron.
Based on the actual neutron mass value, about 240 keV p+ − e−n binding energy would be

released if the starting particles are p+ and e−n . Conversely, if the starting particles are an
ordinary proton and an electron, the required relativistic electron mass is 240 keV less than
3 electron masses; i.e. the electron must have at least 782 keV energy for neutron formation.
Figure 2.2 illustrates the resulting p+ − e−n energy diagram.

3. Signatures of 1.5 MeV leptons in deuteron photo-dissociation

3.1. The historic interpretation of deuteron photo-dissociation

After Chadwick's discovery of the neutron in 1932, there were a lot of discussions whether it
is an elementary particle or a hydrogen-like atom formed from electron and proton [1]. For
example, Heisenberg and Rutherford were among those who argued that Chadwick's particle is a
small hydrogen atom. Pauli however stated that the neutron should be viewed as an elementary
particle. To decide who is right, Chadwick's team irradiated deuterons by 2.62 MeV photons,
and saw deuterons splitting into a proton and a neutron, without the emission of any electron-
like particle. Consequently, most nuclear physicists rejected the nuclear electron concept. With
the discovery of the neutron's magnetic moment in 1940, most scientists also rejected Pauli's
elementary particle neutron concept, as their elementary particle model assumed the absence of
internal charge distribution.

Since deuteron photo-dissociation experiments became a historic water-shed, we now re-
examine the methodology and assumptions behind these experiments. The �rst such experiments
were performed by Chadwick and Goldhaber in 1935 [26]: they passed 2.62 MeV gamma rays,
emitted by a thorium source, into deuterium gas. The dissociation generated energetic protons
with mean proton energy of 0.185 MeV. By conservation of momentum, the other released particle
must carry away the same momentum. Since neutrons have about the same mass, a dissociation
into a proton and a neutron means 0.185 MeV kinetic energy of the generated neutrons. These
values imply a deuteron binding energy of 2.62 − 2 × 0.185 = 2.25 MeV. This value matches
the experimental deuteron binding energy, measured by photon energy detection upon proton-
neutron reactions. Thus the deuteron photo-dissociation into a proton and a neutron has been
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proven. Later work showed that the photon energy threshold for deuteron photo-dissociation is
2.26 MeV.

The observation of only proton plus neutron reaction products at this photon energy was
historically thought to be a proof for the absence of electron-like particles, based on the idea
that energetic photons should primarily ionize away any light particles. The implicit assumption
here is that an electron-like particle would more readily interact with >2.26 MeV photons than
a proton, and would thus become ionized from the nucleus. We now examine this assumption.

3.2. Deuteron photo-dissociation cross section calculation

3.2.1. The photoelectric e�ect on nuclear electrons During the chemical photo-dissociation of a
H2 molecule, the radiation �eld can either break the H2 molecule into two H atoms [30] or it can
ionize the H2 molecule into an H+

2 ion and an electron. Analogously, the nuclear photoelectric
e�ect may yield either the 2H+ → p+ + n or the 2H+ → p+ + p+ + e−n reaction pathway. We
now determine the relative probability of these two pathways.

Playing with the idea of an emerging electron-like sub-particle, we assume that the radiation
�eld splits the deuteron into bound p+ + p+ + e−n sub-particles. We start by de�ning a three-
body wavefunction. A reasonable wavefunction model is to consider the three-body wavefunction
being a Gaussian function of the sub-particles' distance:

ψ = De−
β
2
(rp1−ren)2e−

β
2
(rp2−ren)2e−

β
2
(rp1−rp2)2

where rp1 and rp2 denote the two protons' position, and ren denotes the lepton's position. Such
wavefunction maximizes the Shannon entropy of its sub-particles. D and β are two unknown
parameters, which can be calculated from two boundary conditions: the deuteron's charge radius
is 2.1 fm, and the wavefunction is normalized to a unit probability over the whole space. We
thus get β = 1

24 fm
-2 and D = 0.0512 fm-3. The Hamiltonian operator of light-matter interaction

is:

H = −
∑
i

qi
mi

Â (ri) · p̂i

where qi, mi, ri, and p̂i are the given sub-particle's charge, mass, position, and momentum
operator, while the Â operator corresponds to the electromagnetic wave's vector potential.

Upon photo-dissociation into 2p+ + e−n reaction products, the wavefunction of the �nal state
comprises three harmonic functions of the three resulting particles. Using the above Hamiltonian,
we calculate the cross-section corresponding to the deuteron wavefunctions' transition from its
initial ground state into its �nal dissociated state. Using 1.5 MeV e−n mass, we obtain the
orange curve of �gure 3.2, which is far below the experimental photo-dissociation cross-section.
In the 1930s, theoreticians expected this orange curve to be orders of magnitude higher than
the experimental cross-section, mainly because an electron-like particle is much lighter than the
other particles. In the light of actually performing the calculation, we can see that it is the
low density of states associated with an electron-like particle which causes the 2H+ → p+ + n
reaction pathway to have much higher probability than the 2H+ → 2p+ + e−n reaction pathway.

3.2.2. The Compton scattering of nuclear electrons At high photon energy, Compton scattering
becomes the dominant photo-ionization process of ordinary electrons. Therefore, one cannot
neglect the role of Compton scattering in deuteron photo-dissociation. Any particle's Compton
scattering cross-section is given by the Klein-Nishina formula. 20-100 MeV photons have much
less energy than the proton mass, and thus protons' Compton scattering is negligible in this
energy range. On the other hand, this energy range is much higher energy than either the e− or
e−n mass. Therefore, according to the Klein-Nishina formula, the e− and e−n Compton scattering
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Figure 3.1. Deuteron photo-dissociation by high-energy radiation. Left: the p+ counting based
photo-dissociation cross section (microbarns), as a function of photon energy, reproduced from
chapter 6 of [28]. Right: the binding energy among deuteron constituents, measured upon photo-
dissociation by 30-50 MeV photons, reproduced from [29].

cross sections vary at the same rate with respect to the photon energy. Within a certain photon
energy range, if deuteron photo-dissociation is dominated by the e−n lepton's Compton scattering
process, then this Compton scattering cross section can be approximated by the total deuteron
photo-dissociation cross-section.

The electron's Compton scattering cross-section values at 20 and 100 MeV photon energy are
shown in table 1, based on the data of reference [27]. Regarding the e−n particle, its Compton
scattering cross-section is identi�ed with 1

2 of the deuteron photo-dissociation cross section in

the 20-100 MeV photon energy range. A 1
2 multiplier must be applied to the p+ counting based

experimental cross-section measurement because the 2H+ → 2p+ + e−n Compton scattering
produces two protons. The obtained values at 20 and 100 MeV photon energy are displayed in
the last column of table 1. As expected, the electron's and nuclear electron's cross sections vary
at a similar rate with respect to the photon energy, which is a signature of Compton scattering.

e− (Xe) e− (Pb) e−n (2H)
Eγ=20 MeV 14.9 mb 13.7 mb 0.29 mb
Eγ=100 MeV 2.02 mb 1.87 mb 0.035 mb
σ20/σ100 7.4 7.5 8.3

Table 1. A comparison between the e− and e−n Compton scattering cross sections at 20 and
100 MeV photon energy. The millibarn values are the Compton scattering cross-sections of the
particles identi�ed in the �rst row.

When the nuclear electron is removed via Compton scattering, the deuteron breaks up via
the 2H+ → 2p+ + e−n pathway. Writing this process as 2H+ → p+ +n→ 2p+ + e−n , one may see
that such three-body break-up requires 240+2226 keV = 2464 keV energy input. We used here
the 240 keV p+−e−n binding energy estimation obtained in the previous section. As shown in the
right side of �gure 3.1, the binding energy which was measured upon deuteron photo-dissociation
by 30-50 MeV photons indeed peaks at this energy, and not at 2.23 MeV energy. The two curves
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peaking at 2.484 MeV only di�er in the applied signal �ltering condition, which is explained in
reference [29].

By comparing the e−n and e− columns of table 1, we can estimate the deuteron-bound e−n
charge radius according to the following formula:

ren = re

√
σen
σe

The data of table 1 yields 2.82
√

0.035
1.9 ≈0.39 fm charge radius for the deuteron-bound e−n , using

the 100 MeV photon energy value. The analogous analysis can be applied also to the 3He isotope:
at 100 MeV photon energy its p+ counting based photo-disintegration cross section is 0.13 mb,
and thus its p+/3 counting based photo-disintegration cross section is 0.043 mb. The e−n lepton's

charge radius calculation according to the above formula yields 2.82
√

0.043
1.9 ≈0.42 fm charge

radius for the 3He case. The very similar e−n charge radii in 2H and 3He further demonstrate that
the e−n lepton's Compton scattering is the dominating photo-dissociation reaction at 100 MeV
photon energy.

Second estimation of the emitted lepton mass: Using 1.5 MeV e−n mass and 0.4 fm
charge radius parameters, we apply the Klein-Nishina formula, assuming deuteron break-up
when the scattered photon deposits >2.484 MeV energy. We thus obtain the red curve of �gure
3.2. As anticipated, the Compton scattering cross-section indeed approaches the experimental
photo-dissociation cross-section at high photon energies, using 1

2p
+ counting. In other words,

nuclear electrons' Compton scattering dominates deuteron break-up at high photon energies. At
100 MeV photon energy, the 1

2p
+ counting photo-dissociation cross-section is 0.035 mb, while

the e−n Compton scattering cross-section evaluates to 0.031 mb. This good convergence validates
our 1.5 MeV estimation for the emitted e−n mass.

Figure 3.2. The experimental deuteron photo-dissociation cross-section, and the two calculated
processes which yield 2p+ + e−n dissociation products.

It is important to note from �gure 3.2 that the Compton scattering cross section falls to
zero near 3.2 MeV photon energy. Below this energy, the only remaining deuteron dissociation
reaction is the 2H+ → p+ + n photoelectric process.

3.2.3. Deuteron photo-dissociation summary As seen in �gure 3.2, the two processes which
yield 2p+ + e−n dissociation products rapidly fall to zero in the <5 MeV photon energy range.
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Speci�cally, our calculation shows that the probability of 2H+ → 2p+ + e−n reaction is zero when
the photon energy is less than 3.2 MeV. Our results clarify why the experimenters of the 1930s
saw only p+ n photo-dissociation products.

On the other hand, e−n Compton scattering becomes the dominant deuteron break-up
mechanism when photon energy reaches around 30 MeV. In this photon energy range, the e−−e+
pair creation process also has a high cross-section. Up to now, experimentalists assumed that
any detected electrons originate from pair creation events, thereby not noticing the electrons
originating from the deuteron break-up.

4. 4He and two e−n particles may form a neutral composite

The emission of electrically neutral four-nucleon particles has been observed in various high-
energy experiments [11]. The authors of [11] calculate 420 keV binding energy holding such
particles together, and they also mention prior experimental studies that obtained the same
binding energy value. The scienti�c literature refers to such four-nucleon objects as �tetra-
neutrons�, as they were thought to be a meta-stable composite of four neutrons. However, the
dissociation of �tetra-neutrons� into individual neutrons has never been observed.

In this section we review experiments which demonstrate that �tetra-neutrons� are in
fact short-lived

(
4He+ 2e−n

)
bound

particles. In turn, the existence of electrically neutral(
4He+ 2e−n

)
bound

evidences the nuclear presence of this new lepton particle.

4.1. Lead photo-dissociation

The authors of [10] irradiated deuterated materials by 2 MeV photons. They observed deuterium
fusion reactions, evidenced by the energetic neutrons that were absent in the hydrated materials
based control experiments. The sample materials were enclosed in a lead shielded chamber.
These experiments also document the e�ect of 2 MeV photons on the lead material, but without
any interpretation of the obtained results. Here, we focus on the reactions of this irradiated
lead material. After some experiment runs, the red signal of �gure 4.1 shows the appearance of
210Pb, which is an unstable isotope with 22 year half-life. As can be seen by comparing the red
and green signals of �gure 4.1, a subsequent irradiation run transmutes 210Pb to 214Pb. This
transmutation is evidenced by: i) the disappearance of the 210Pb, ii) the appearance of 214Pb,
and iii) the appearance of 214Bi which is a decay product of the short-lived 214Pb.

Figure 4.1. The gamma spectrum of an already irradiated lead material, before (red signal)
and after (green signal) a 4-hour run of 2 MeV photon irradiation. The signatures of 210Pb to
214Pb transmutation are clearly seen. Reproduced from [10].

How did 210Pb transmute to 214Pb? The involved experiment run was performed with
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hydrated sample in the lead chamber, which did not emit neutrons [10]. Regarding the lead
material itself, neutron photo-dissociation requires >6.7 MeV for any of its isotopes, which is far
larger than the applied photon energy. Moreover, in the case of neutron-induced transmutations
we would see the signatures of 211Pb and 213Pb isotopes as well, which have similar half-life
and gamma intensity as 214Pb. Therefore, experimental data contradicts individual neutron
absorption, and shows that four neutral nucleons were simultaneously absorbed by 210Pb.
However, the simultaneous photo-dissociation of four neutrons requires much higher energy than
2 MeV.

What requires less than 2 MeV energy is to strip away an alpha particle and two electrons
from any lead isotope. The remaining lead nucleus appears to have lost �four neutrons�. In order
to generate 210Pb to 214Pb transmutation, the involved alpha particle and two e−n particles must
be emitted together, as a bound particle:

208Pb
−−−−−−→
2MeV γ 204Pb+

(
4He+ 2e−n

)
bound

The above photo-dissociation scheme is the only reasonable explanation for the observed
transmutations, which occur upon the subsequent absorption of

(
4He+ 2e−n

)
particles. We note

that the resulting 214Pb isotope decays back to 210Pb via the consecutive emission of two electrons
and an alpha particle, and never decays via neutron emission.

The appearance of e−n leptons during lead photo-dissociation is analogous to their above-
discussed appearance during deuteron photo-dissociation.

4.2. The evolution of 242Pu concentration in nuclear reactors

In nuclear reactor cores, 239Pu is produced via a neutron capture by 238U. Further neutron
captures generate heavier plutonium isotopes. Starting from 238U, it takes four consecutive
neutron captures to get to 242Pu, and thus its concentration should be very low in the initial
stages of the fuel cycle. On the other hand, if

(
4He+ 2e−n

)
particles were produced in nuclear

reactor cores, then 242Pu would be generated via a single capture reaction:

238U +
(
4He+ 2e−n

)
bound

→ 242U → 242Np+ e− → 242Pu+ 2e−

We discovered in the preceding section that the production of
(
4He+ 2e−n

)
particles is

triggered by gamma radiation. Gamma radiation is also present in nuclear reactor cores, which
motivates examining the concentration of 242Pu in order to determine whether the above reaction
takes place. In the absence of the above reaction, the experimental 242Pu concentration must
evolve according to the neutron capture calculation. In the presence of the above reaction, the
experimental 242Pu concentration must be higher than what is predicted by the neutron capture
calculation, especially in the initial stages of the fuel cycle.

A recent study [17] analyzed over 250 fuel samples from multiple reactors, at various stages
of burn-up. Under a low burn-up condition of <10 GW-day per fuel ton, the author of [17] �nds
on average 3 times higher than predicted 242Pu concentration. In the same samples, the average
239Pu concentrations match predictions, which means that the neutron capture calculations are
correctly done. The largest concentration excess with respect neutron capture calculations is
400% for 242Pu, while only 39% for 239Pu. These large discrepancies demonstrate that the
capture of

(
4He+ 2e−n

)
particles is the main source of 242Pu during the initial stages of the fuel

cycle.
As the fuel cycles progress, the probability of 242Pu production via four consecutive neutron

captures rises steeply. The discrepancy between experimental and predicted 242Pu concentrations
becomes gradually smaller with rising burn-up rate [17]. Approximately the same result is
found in reference [18]: relative to neutron capture calculations, 15-20% higher experimental
242Pu/239Pu ratio is observed in highly burnt up nuclear fuel. The correctness of the authors'
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neutron capture calculation is validated by the matching concentration of other isotopes, such as
the 146Nd/145Nd ratio [18]. Consecutive neutron capture thus becomes the main source of 242Pu
only in the �nal stages of the fuel cycle.

In summary, the evolution of 242Pu concentration demonstrates the presence of short-lived(
4He+ 2e−n

)
particles in nuclear reactor cores.

5. The �ssion of excited 9Be

The 9Be nucleus comprises two alpha sub-particles, a nuclear electron, and a proton. It takes
only 1665 keV to separate a neutron away from it, which is less energy than any of the 9Be
excitation energy levels. The energies of its lowest three excited states are shown in �gure 5.1.
It has been observed that any of these excitations break up the 9Be nucleus with very close to
100% probability [12]. The 1684 keV and 2780 keV excitations decay by neutron emission; the
remaining 8Be nucleus then promptly splits into two alpha particles.

9
Be→

4
He+n+

4
He

9
Be→

4
He+p+en+

4
He

0

1684 keV
2429 keV
2780 keV

7%

93%

9
Be

Figure 5.1. The lowest three excitation levels of 9Be and their subsequent break-up reactions.

Interestingly, the 2429 keV excitation decays by neutron emission in only 7% of cases [12].
While, nuclear data tables do not say what break-up products emerge in the other 93% of cases,
there is no other possibility than the 9Be →4 He + 4He + p + en reaction shown in �gure 5.1.
The reasons for the impossibility of other reaction products are: i) 5He and 5Li do not exist, and
ii) a proton separation into 8Li+ p would require over 16 MeV energy. Therefore, the 2429 keV
excitation of 9Be decays mainly by emitting a proton and an electron. Such a prompt release
of an electron upon nuclear break-up demonstrates that a negative elementary charge must be
present in the 9Be nucleus.

6. A precise measurement of the 1.5 MeV lepton mass

In the preceding sections, we found signatures of a 1.5 MeV new lepton which emerges from
certain nuclear reactions. Here, we determine its mass more precisely.

It follows from the results of the previous section that negatively charged particles are emitted
during the �ssion of certain excited nuclei. What happens if an emitted e−n lepton is captured by
another nucleus, prior to its decay into e−? The nuclear capture of ordinary electrons generates
neutrino emission, which is a consequence of the isospin change between the e− and e−n particles.
However, if the e−n particle's isospin does not change during nuclear capture; its capture may
involve just gamma emission. In that case, the binding energy of the e−n capture process is
emitted as gamma radiation. The measurement of gamma radiation peaks during the nuclear
capture of e−n is therefore a direct measurement of their binding energy to a given nucleus. On
this basis, we seek experimental data of gamma emission from electron capture capable nuclei.

6.1. Nuclear electron capture by 58Ni

The authors of [19] applied hot hydrogen treatment to a nickel metal. They observed unexpected
gamma emission from hydrated nickel, and could not explain the source of the obtained gamma
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Figure 6.1. The gamma peak corresponding to a nuclear electron capture by 58Ni. Measurement
data from [19].

peak. As shown in �gure 6.1, this gamma peak is at 661.5 keV. At the same time, they also
observed a simultaneous emission of neutrons, at low intensity. Neutron emission is a signature
of nuclear �ssion process. With reference to section 5, a nuclear �ssion process may involve the
release of e−n particles as well. We therefore interpret the origin of the gamma peak shown in
�gure 6.1 as e−n capture by certain nuclei.

The 58Ni isotope of nickel is capable of electron capture via the 58Ni+ e−n → 58Co reaction.
According to �gure 6.1, the binding energy of the e−n capture is Eb=661.5 keV. In the case of an
ordinary electron, the 58Ni+ e− → 58Co reaction is endothermic by Eec=-381.6 keV. Because of
the same reaction end product, the di�erence between Eb and Eec must correspond to the mass
di�erence of the incoming particles. We may therefore determine the e−n mass from the following
equation:

menc
2 −mec

2 = Eb − Eec (6.1)

The above equation yields 1554 keV for the e−n mass, which matches well the preceding
men ≈ 3me results.

6.2. Nuclear electron capture by 1H

We found a second unexpected gamma emission peak during experiments on water vapor under
high voltage spark discharges. The measurements were done under air atmosphere, and a shielded
chamber was employed to minimize the background noise. The experimental details are given in
section 10. This experiment is in fact a laboratory analogue of a natural lightning discharge. The
physical processes during lightning discharges have been rather well studied, and several authors
noted the production of neutrons by lightnings [20, 21, 22]. The author of [21] discusses similar
neutron production by arti�cial lightning discharges in the laboratory. Via a detailed examination
of the lightning process signatures, the authors of [22] determined that the produced neutrons
originate from the 14N → 13N + n0 �ssion reaction. The resulting 13N isotope then further
decays to 13C. The observation of such �ssion neutrons yet again signals the possible presence
of e−n particles as well. We therefore interpret the origin of the gamma peak shown in �gure 6.2
as e−n capture by some nucleus. This interpretation is further corroborated by a time correlation
analysis between the spark discharges and gamma photon emissions, which shows that the peak
of �gure 6.2 occurs right after each spark discharge, and has microsecond scale duration. The
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Figure 6.2. The gamma peak corresponding to a nuclear electron capture by a proton. The
measurement methods are described in section 10.

details of this time correlation analysis are given in section 10. Therefore the gamma peak cannot
originate from any radioactive isotope contamination. Such short duration of the gamma peak
emission is characteristic of a free e−n particle's short half-life.

Protons are the main electron capture capable nuclei in our experiment, and therefore the
capture of nuclear electrons may be written as p+ + e−n → n. Figure 6.2 shows the measured
gamma peak, which implies Eb=259.6 keV binding energy between a proton and a nuclear
electron. For ordinary electrons, the p+ + e− → n reaction is endothermic by Eec=-782.4 keV.
We again use equation 6.1 to calculate the nuclear electron mass, and obtain 1553 keV.

Third estimation of the e−n mass: Our precise estimate for the e−n mass is the average of
the above two measurements, that is menc

2=1553.5 keV.

7. An estimation of the 1.5 MeV lepton half-life in free-particle state

At the JINR institute in Dubna, Vladimir A. Nikitin analyzed pair creation tracks in a bubble
chamber, where particle-antiparticle pairs were generated from energetic photons. Upon the
analysis of 7000 such tracks, he found nine anomalous lepton tracks. His analysis of these tracks
revealed that they are produced by 9±2 MeV particles, that eventually decay into an electron
or positron. The 9 MeV lepton is yet another electron-like particle that has been previously
unknown. In two cases, the decay event was captured on the track photo. Figure 7.1 shows
such a particle pair creation event and the subsequent decay of the negatively charged lepton
particle. As can be seen in �gure 7.1, the decay process is actually a two-step decay, and an
electron is produced upon the second decay step. This electron's track is highlighted by the
red circle. The bubble chamber is under 1.5 T magnetic �eld, and thus we can calculate the
electron's momentum from its track radius: its track data yields 1.925 MeV/c momentum. The
challenge is to identify the mass of the short-lived intermediate particle.

As can be seen in �gure 7.1, the blue circle �tted track of the intermediate particle has three
times higher radius than the electron track, and thus its momentum is pi=5.78 MeV/c.

The track of the 9 MeV lepton is highlighted by the dashed ellipse on �gure 7.1. Before its
decay, its track is slightly elliptic, which indicates a Larmor precession; i.e. we are observing its
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Figure 7.1. Heavy lepton pair creation in a bubble chamber. The 9 MeV lepton-antilepton pair
is created at the bottom right corner. The other two purple arrows indicate the two decay events.
The yellow dashed ellipse shows the elliptic track �tting of the 9 MeV lepton. The blue and red
circles show the circular track �tting of the intermediate particle and �nal electron, respectively.
Photograph provided by V. A. Nikitin.

circular track from a non-perpendicular angle. We use the large elliptic semi-axis to calculate the
incoming lepton's momentum, and obtain pl=21.13 MeV/c. Using the 9 MeV lepton mass value,
we obtain a total energy of El=23 MeV. During the �rst decay event, the energy and momentum
di�erence between the incoming heavy lepton and the outgoing intermediate particle are carried
away by an anti-neutrino.

Fourth estimation of the e−n mass: In this �rst decay event, the angle between the
incoming and outgoing particles is 39°. With respect to the incoming lepton momentum, the
outgoing perpendicular momentum is p⊥ = pi sin (39°)=3.63 MeV/c. The momentum di�erence
in the parallel direction is p‖=pl − pi cos (39°)=16.64 MeV/c. From the p⊥ and p‖ components
we calculate the total neutrino momentum: pν=17 MeV/c. Since the neutrino mass is negligible,
its energy is Eν=17 MeV. We �nally estimate the energy and mass of the intermediate particle:

Ei = El − Eν = 6MeV

mic
2 =

√
E2
i − (pic)

2 = 1.6MeV



IARD 2022
Journal of Physics: Conference Series 2482 (2023) 012019

IOP Publishing
doi:10.1088/1742-6596/2482/1/012019

15

This intermediate particle mass is very close to 1.55 MeV, and therefore we can identify the short
lived intermediate particle with the e−n lepton. As far as we know, �gure 7.1 contains the �rst
photograph of an e−n track, although this interpretation must be con�rmed by more observations
of such events.

Considering the high kinetic energies of the above discussed particles, the intermediate e−n
speed is close to the speed of light. We can thus make an order of magnitude estimation of its
half-life. Considering its track length of about 1.5 cm, it decays after 5 × 10−11 seconds in the
laboratory frame. Taking into account the Lorentz boost factor of 4, the e−n half-life is in the
range of 10−11 seconds.

8. A summary of e−n properties

Summarizing our results so far, table 2 compares the electron against the newly identi�ed e−n
lepton.

e− e−n
Charge -1 -1
Mass 511 keV 1553.5 keV

Half-life stable ∼ 10−11 s

Table 2. A comparison between the e− and e−n particles.

The exact ratio between the e−n and e− particle masses is 3.04. In �gure 1.1, we illustrated
a similar mass tripling pattern among certain mesons. The speci�c ratio between the J/ψ and
φ meson masses is 3.038, which is very close to 3.04. Similarly, the ratio between the Υ and
J/ψ masses is also very close to this 3.04 value. Perhaps this ratio can be derived from some
universal principle, which is valid for both leptons and mesons.

9. Towards a deeper understanding of the neutron

9.1. A single-particle neutron model

The above-discussed experimental data lead to the conclusion that the neutron comprises a
positive and a negative elementary charge. How to understand the presence of a negative
elementary charge within a proton-like particle? One may wonder whether the neutron is a
meta-stable composite of e−n and p+particles. In section 3 we showed that the deuteron's negative
charge has 0.4 fm charge radius: this size is comparable to the overall neutron radius, which is
around 1 fm. In our view, the neutron's positive and negative charges cannot be considered
separate particles from the perspective of spin measurement or momentum uncertainty, because
their internal �elds mostly overlap. Only in response to very high frequency radiation, which
cause Compton scattering, do these charges behave as distinct particles.

For the above reason, we consider the neutron to be a single particle. Within this single
neutron particle, the electric �eld originates from the two well-de�ned spherical charge surfaces
of its positive and negative charges. This electric �eld is non-zero inside the neutron, and zero
beyond the fm-scale range. These intertwined charges generate a shared magnetic �eld, which
is the essential feature of a single-particle neutron model. The neutron's meta-stability means
that it eventually splits into bound e−n and p+particles, as discussed in section 2, and then the
e−n lepton decays into an electron 10−11 s later.

One arrives at the single-particle model also from spin entanglement considerations. As
derived in the second appendix of [14], three particles with individually measurable spins
cannot be in isotropic spin entanglement. In the neutron, the positive and negative charge
spins have a �xed relative orientation, which generates the neutron's constant net magnetic
moment. A proton's and a neutron's magnetic moments sum up to the deuteron's magnetic
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moment, which is also constant. It means that the deuteron's three charges all spin in a �xed
relative orientation. Therefore, the deuteron's three elementary charges cannot be particles with
individually measurable spins. This indicates that these charges are not distinct particles, i.e.
the deuteron's negative charge is not a separate particle from the positive charges. Since the
deuteron's negative charge originates from proton-neutron fusion, the neutron's negative charge
is not a distinct particle either.

The neutron and deuteron do not have any known excited states. This absence of any excited
states is yet another signature of a single particle, despite comprising 2 and 3 elementary charges,
respectively.

9.2. The neutron's internal structure

Although we are still in the early stages of understanding the neutron, there is already su�cient
experimental data to map out its internal constellation. On the basis of proton experimental
data, reference [14] derives the proton's internal structure, which is illustrated on the left side of
�gure 9.2. Reference [14] derives the following proton parameter set: its major toroidal radius
is 0.841 fm, its minor (poloidal) radius is 0.421 fm, and the positive charge's spherical radius is
0.0015 fm.

The neutron's negative charge is imposed over this proton structure. With the advancement
of electron-proton scattering measurements, it has become possible to directly map out the
neutron's radial charge distribution. Such radial charge distribution data is measured for example
at JLAB [24], and is visualized in �gure 9.1. The RMS (Root Mean Square) radius value of the
positive charge is 0.8 fm, which di�ers by only 4% from the calculated proton toroidal radius
of 0.841 fm. Figure 9.1 conveys the important information that the radial distribution of the
neutron's positive and negative charges nearly overlaps; this means that the neutron's negative
charge is also at approximately 0.841 fm radial distance from the neutron's center.

The more precise radial distance of the neutron's negative charge can be extracted from
so-called �neutron charge radius measurements�. Such experiments compare the mean radial
distance of the positive and negative charges, and yield r2n = r2+−r2−=-0.11 fm2 [31, 32]. Plugging
in the above mentioned r+=0.841 fm value, we obtain r−=0.904 fm.

Figure 9.1. The radial density of the neutron's positive (red) and negative (blue) charges, from
JLAB measurements [24].

The data of section 3 revealed that the deuteron's negative charge has about 0.4 fm charge
radius, and we propose that the neutron's negative charge has the same spherical radius. This
proposition is motivated by the observation that a proton's and a neutron's magnetic moments
sum up to the deuteron's magnetic moment. This means that during 1H + n → 2H fusion the
negative charge merely depolarizes between the two positive charges.
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p+ n0

Figure 9.2. An illustration of the toroidal proton structure (left) and the neutron structure
(right). The toroidal curve represents the Zitterbewegung path of the neutron's positive charge,
and the blue ring represents the Zitterbewegung path of its negative charge. The blue sphere
represents its negative charge. Purple arrow: 0.841 fm, blue arrow: 0.421 fm.

Summing up the above information, the neutron's negative charge has approximately 0.4 fm
spherical radius, and its center is located at 0.904 fm radial distance from the neutron's center.
Fitting the negative charge's spherical radius into the 0.421 fm poloidal radius of the proton
structure, we arrive at the neutron geometry illustrated on the right side of �gure 9.21. We
arrived at this proposed neutron structure by a direct interpretation of experimental data.

We demonstrate the predictive power of this neutron model by calculating the neutron's
magnetic moment. The neutron's net magnetic moment comes from two contributions:
the µ+ = µp = 2.793µN magnetic moment of the toroidal proton structure, and the µ−
contribution of the negative charge. Here, µN is the nuclear magneton: its value corresponds
to circular Zitterbewegung at rN = rC

me
mp

=0.2103 fm radial distance, where rC is the reduced

Compton radius, me is the electron mass, and mp is the proton mass. A point-like negative
charge's Zitterbewegung circulation at r−=0.904 fm radial distance implies a magnetic moment
contribution of µ− = −µN r−

rN
= −4.299µN . Since the negative charge is not point-like,

we also need to take its anomalous magnetic moment factor into account. The derivation
of the anomalous magnetic moment factor can be found in chapter 6 of [25], where the

g =
(

1− rcharge
2πrZBW

)−1
formula is derived from the basic principles of general relativity. Thus

the more accurate µ− result is:

µ− = −4.256µNg− = −4.299µN

(
1− 0.4

2π · 0.904

)−1
= −4.625µN

Finally, we estimate the neutron's magnetic moment as the sum of the positive and negative
charges' contribution:

µ+ + µ− = −1.832µN

This estimation matches rather well the neutron's experimentally measured µn = −1.913µN
magnetic moment. One may formulate the experimental µ− value as:

µ−,exp = µn − µp = −4.706µN

Our neutron model thus yields a µ− value that 98% matches the measured one.

1 As the negative charge's center moves on a ring-shaped Zitterbewegung path, its surface stays within the

toroidal volume that is traced out by the positive charge.
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9.3. Neutron stabilization by a high electric potential

We saw in section 1.2 that the electrostatic potential is a control parameter of nuclear beta decay.
Here, we look into the role of electrostatic potential through the example of 17O. The 17O nucleus
is an interesting case for the study of neutron dynamics: it contains a neutron-like sub-particle
which is the most similar to a free neutron.

The 16O nucleus comprises four alpha sub-particles. When a neutron is captured by 16O,
where will it reside? Considering that the charge radii of 16O and 17O are the exactly same, the
captured neutron must be located in the nuclear center, surrounded by four alpha sub-particles.
Since the magnetic moment of 16O is zero, the magnetic moment of 17O can be attributed to
the captured particles. Interestingly, the magnetic moment of 17O is nearly the same as the
neutron's magnetic moment. Speci�cally, the 17O magnetic moment is −1.894µN , which 99%
matches the neutron's −1.913µN magnetic moment. These data indicate that the 17O nucleus
contains a freely rotating neutron at its center, as schematically illustrated in �gure 9.32.

Figure 9.3. The 17O nuclear structure. A neutron is in the center position, the red ellipses
illustrate alpha sub-particles.

17O is a stable particle. The neutron at its center cannot decay, because the electron capture
energy of 17F is 2.76 MeV; the positive sign of electron capture energy means that the energy
needed to remove an electron from the nucleon's location exceeds the 0.87 MeV maximum electron
kinetic energy shown in �gure 2.1. In other words a neutron becomes stabilized by being at a
su�ciently high electrostatic potential, which prevents the electron's departure.

9.4. Neutron destabilization by a strong magnetic �eld

We now revisit the discussion of 9Be excited states. As noted in section 5, the 2429 keV excitation
of 9Be decays mainly by emitting a proton and an electron, in contrast to the neutron-emitting
1684 keV and 2780 keV excitations. Therefore, the break-up of the neutron at 2429 keV excitation
is controlled by some other parameter than just the excitation energy.

The 9Be ground state has J = 3
2− rotational quantum number designation. Here, the �-� sign

denotes the currently popular conjecture of a �negative parity state�, which means that the nuclear
wavefunction supposedly changes its sign upon the mirror re�ection of spatial coordinates. The
above-mentioned 2429 keV excitated state has J = 5

2− rotational quantum number designation.

Recognizing this pattern as a rotational series, the next rotational state is J = 7
2−, and the

corresponding excitation energy is 6380 keV. The rotational Hamiltonian's eigenvalues are:

EJ = J (J + 1)
~2

2I
(9.1)

2 While the 4He charge radius is 1.7 fm, the 17O charge radius is less than twice this size; it is only 2.7 fm. Four

alpha subparticles thus do not �t into 17O without deformation, and therefore they are represented by ellipses in

�gure 9.3.
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Figure 9.4. The rotational states of 9Be

where EJ is the rotational energy eigenvalue at the rotational quantum number J , and I is the
moment of inertia. Figure 9.4 shows the excitation energies as a function of J(J + 1). The three
data points �t rather well onto a single line, which corresponds to the rotational excitations

of a rigid structure. The data shown in �gure 9.4 yields ~2
2I=534 keV. Considering the 2.5 fm

nuclear charge radius of 9Be, this moment of inertia matches quite well the rotation of two alpha
sub-particles around each other.

As the positively charged alpha sub-particles rotate around their center of mass, their rotation
produces a strong magnetic �eld. The strength of this magnetic �eld is proportional to the
rotational quantum number J because the moment of inertia remains constant. Since the
neutron-like sub-particle breaks up in the J = 5

2− and J = 7
2− states, a su�ciently strong

magnetic �eld appears to destabilize the neutron. Quantitatively, the magnetic moment values
of the various 9Be states are given in table 3. Its �rst two columns are literature data. Its last
two columns are our predictions, calculated from the rotating alpha particles' J states. One
may observe from table 3 values that, as a �rst approximation, the neutron remains stable if
the magnetic moment of neighboring nucleons is <µN , but becomes unstable if the magnetic
moment of neighboring nucleons is >µN .

n 9Be 9Be* (2429 keV) 9Be* (6380 keV)
µ -1.913µN -1.177µN -0.686µN -0.196µN

µ-µn 0 +0.736µN +1.227µN +1.717µN

Table 3. The magnetic moment of the neutron and various 9Be states, in nuclear magneton
units. The last row shows the magnetic moment values without the neutron's contribution.

9.5. The electric binding of neutron decay products

According to the virial theorem, the kinetic energy of a lepton that is electrically bound to a
heavier proton is Ekinetic = Ep

γL
γL+1 , where Ep is the electric potential energy gain and γL is the

Lorentz boost factor. Using this virial condition together with equation 2.2, we get the following
set of equations for the emitted e−n lepton:

mnc
2 −mpc

2 = γLmenc
2 − Ep

(γL − 1)menc
2 = Ep

γL
γL + 1
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After expressing Ep in terms of the other parameters, we obtain:

mnc
2 −mpc

2 =
menc

2

γL

Using the measured menc
2=1553.5 keV value in the above equation, we obtain γL=1.2011.

Finally, we can calculate the potential and binding energies:

Ep =
γ2L − 1

γL
menc

2 = 572.5 keV

Ebinding = Ep − (γL − 1)menc
2 = 260.1 keV

The obtained 99.8% precise match against the binding energy measurement shown in �gure
6.2 demonstrates that the neutron decay products are indeed electrically bound during the e−n
particle's short lifetime. The above calculated potential energy gain implies that the mean p+−e−n
distance is just 2.5 fm.

10. Experimental methods

Figure 10.1 illustrates the experimental setup. The electrode gap with a voltage of 20 kV is
placed in a jet of �nely dispersed drops of distilled water, supplied from the humidi�er by an
air stream. This jet of �ne droplets is created by high-frequency mechanical vibrations. The
pressure in the discharge zone is equal to atmospheric pressure. The discharge gap electrodes are
located along the �ow of a water-air jet of �ne droplets. The �ow moves from the cathode to the
anode. After passing through the discharge zone, the water-air jet is directed to a ventilation
tube, and is released into the atmosphere.

A gamma spectrometer is located above the discharge gap, and consists of a NaI crystal and
a Photo-Electrom Multiplier (PhEM). The spectrometer was calibrated by two peaks of the
241Am isotope, which emits gamma rays at 26.3 keV and 59.6 keV energies. These instruments
are placed in a lead box with a volume of 15×15×15 cm3, assembled from 5 cm thick lead blocks.

Figure 10.1. The experimental setup for recording gamma radiation during spark discharges
in a water-air environment.

By placing the spectrometer and the discharge gap together into a lead box we reduce the
gamma background signal in by 40 times, and thus signi�cantly increase the signal-to-noise ratio.
Figures 6.2 and 10.2 show the histogram of gamma spectra, which were recorded for 55 seconds.
The gamma ray energy is shown along the abscissa axis. Along the ordinate axis, the number
of pulses of electromagnetic radiation with a given energy are shown. A peak with an energy of
259.6 keV is clearly visible on �gure 10.2. At that 259.6 keV energy, 53 pulses were registered in
55 seconds. When the same spark discharges were done in dry air atmosphere, i.e. without a jet
of �ne water droplets, no gamma signals were detected above the background.
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Figure 10.2. A comparison of gamma spectrograms. The black curve was recorded during a
20 kV spark discharge in water-air environment with the recorder located in a lead box, the red
curve is the background signal on the recorder located in a lead box while the discharge is turned
o�, the green curve is the background signal on the recorder located outside the lead box while
the discharge is turned o�.

Figure 10.2 shows that the background level inside the lead chamber (red curve) is about 10
times lower than the registered peak signal. To the left of the 259 keV peak, another gamma
peak with energy ranging from 125 to 175 keV is visible. This side peak provides additional
con�rmation that the 259 keV peak value is correct, since it is the Compton shoulder of an
electron-scattered gamma ray quantum, with the incoming energy of 259 keV.

The green curve of �gure 10.2 shows the gamma background in the laboratory area outside
the lead chamber. The background outside the lead chamber is about 190 pulses per 55 seconds
at 259 keV energy, which exceeds by 3.4 times the peak of the black curve. Therefore, the use of
lead box enclosure is essential.

We now address the statistical analysis of the distribution shown in �gure 6.2. A direct
statistical analysis of �gure 6.2 data is complicated by the fact that the NaI crystal has poor
spectral resolution. To the left of the 259 keV peak is the Compton shoulder, which distorts
the normal distribution of the main peak. Figure 10.3 shows the right branch of the 259 keV
peak, which is located far from the Compton peak. This allows us to reasonably apply the
normal distribution statistics to the ensemble of experimental points. The red curve shows a
normal distribution �tted to the experimental points3. It can be seen that the experimental
distribution is well approximated by a normal curve centered at 259.6 keV, with a mean squared
deviation of 34.7 keV2. We note that the standard deviation in our experiment is larger than
the ±1 keV deviation shown in �gure 6.1, which was recorded by a higher precision gamma
spectrometer. Insofar as the gamma peaks of �gures 6.1 and 6.2 are signatures of analogous e−n
capture phenomenon, we can take the higher precision of ±1 keV as the error margin of table 2
data.

We also investigate the time correlation between the gamma ray signals and the electric
discharge sparks. To do this, we use an oscilloscope to register gamma ray signals. In addition,
a small radio antenna was also used, located at a distance of 0.5 m from the lead chamber. The
oscillograms coming from the two channels of the oscilloscope are jointly analyzed: i.e. the signal

3 this normal distribution was obtained using the Origin6 software
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Figure 10.3. The normal distribution curve along the right branch of the 259.6 keV peak. y0
is the zero level of the Gaussian along the ordinate axis, xc is the location of the center point,
and w is the mean square deviation.

from the PhEM and the signal from the radio antenna. The result of this experiment is a set
of oscillograms obtained on the oscilloscope by repeatedly registering short pulses from the NaI
detector and from the radio antenna (fast frame mode). The oscillogram recording was triggered
when two conditions were met by the gamma signal: i) the duration of the signal is more than
1.5 microseconds, and ii) the signal amplitude is more than 50 mV4. Such double condition
for starting the oscillogram recording con�dently ensures that it starts when the gamma ray
quantum passes through the NaI crystal.

Spark discharges generate a bunch of high-frequency oscillations, which were recorded by the
radio antenna located 0.5 m away. Each oscillogram shows 25 microseconds before and after the
trigger condition. Considering that the sparking frequency is about 10 discharges per second,
the probability that a gamma ray quantum and an electromagnetic oscillation signal would both
randomly show up in one oscillogram is estimated to be 5× 10−4. That is, if the discharge and
the formation of a gamma ray quantum are not correlated, then it would take several thousand
oscillograms in order to see both signals (i.e from the antenna and from the PhEM) registered
in the same oscillogram.

An exemplary oscillogram record is shown in �gure 10.4. The green curve shows the signal
from the radio antenna; it shows the registration of electromagnetic �eld oscillations at -9.6
microseconds. It is at this moment that an electric discharge occurs between the two electrodes.
These oscillations are almost completed after 5 microseconds, i.e. this is the duration of the
spark discharge. The blue curve shows the signal of PhEM; it also reacts to the electromagnetic
�eld like the radio antenna, and shows an oscillating signal at the same time. But 6 microseconds
after the spark signal a unipolar negative signal appears on the blue curve, typical for a gamma
ray quantum. As explained in the previous paragraph, the probability of a random coincidence
between these two signal types is extremely small. We found similar correlated signals on 26%
of the recorded oscillograms. Keeping in mind that the oscillogram recording is triggered by any
>200 keV gamma ray, i.e. not only the peak signal, we obtain a causal relationship between the

4 this roughly corresponds to a gamma ray quantum of 200 keV
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Figure 10.4. An exemplary oscillogram. The blue curve is the PhEM signal, and the green curve
is the radio antenna signal. The large negative dip is the signature of a gamma ray quantum.

spark discharges and the 259 keV gamma ray signal.
In summary, the above described analysis proves that the 259 keV gamma peak is statistically

signi�cant and it is correlated with spark discharge events in the water-air medium.
We note that this experiment is di�cult to replicate because it requires not only thick radiation

shielding, but also a large gamma ray sensor and a very short distance between the sensor and
the spark discharge location.

11. Conclusions

In conclusion, we presented numerous experimental evidences of a new lepton particle, which is
a distinct particle from an ordinary electron. We measured its mass to be 1553.5 keV. It decays
into an ordinary electron after just ∼ 10−11 seconds.

As this 1.5 MeV lepton appears upon neutron decay, it sheds new light on the neutron's
internal structure. We proposed a neutron structure that is based on a direct interpretation of
experimental data. We conclude that the neutron is a single particle, which is composed of a
positive and a negative elementary charge.
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