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Abstract 
Experiments have been carried out to study the anomalous passage of labor-
atory-produced ball lightning through solid-state sheets. The passing of the 
ball lightning within the standard model can be explained by cascading gen-
eration of particles at entering of high-energetic protons of the ball lightning 
into a dense matter. The process of energy conversion of its own poloidal 
magnetic field of the ball lightning into the kinetic energy of its charged par-
ticles occurs in this case. The energy of protons becomes sufficient for the 
generation of charged pions and their subsequent cascade decay. The decay of 
pions leads to the appearance of negative and positive muons, as well as 
muon antineutrino and muon neutrino. This fact is confirmed by the pres-
ence of a passed ball lightning and a high potential of variable polarity in the 
region above the solid-state sheet after the ball lightning passing through it. 
The dark ball lightning also found was in the experiments. The laboratory ball 
lightning opens up new perspectives in many areas of research and applica-
tions and may have a positive impact on attempts to solve the energy problem 
based on muon-catalyzed nuclear fusion. 
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1. Introduction 

A number of processes and phenomena in Nature, including a ball lightning, 
have not got received a correct explanation until now [1]-[8]. The ball lightning 
as an extreme form of the matter existence is one of the strangest and least un-
derstood natural phenomenon, attracting the attention of researchers about two 
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centuries [1]. Nobel Prize winner P.L. Kapitsa believed that “ball lightning is a 
small window into other world” [2]. It should be noted that ball lightning has 
the same ideal spherical form and the same structure as emitting stars [9] [10]. 
The results obtained by N.A. Kozyrev allowed him to make the assumption that 
radiation from stars that have a significant rotational moment propagates with a 
relativistic speed and has a high penetrating ability [11]. As is well known, the 
sources of radiation are also rapidly rotating pulsars, which periodically are 
sources of fluxes of fast particles. The hypothesis of the particles existence, that 
have mass, impulse and posses high penetration ability, was predicted many 
years ago by G-L. Le Sage [12]. The ball lightning has also significant rotational 
moment that it receives during its origin in crossed electric and magnetic fields 
[10]. 

The ball lightning there is a source of high density energy. Earlier observers 
found an abnormally high thermal yield when the ball lightning enters into the 
water tank under natural conditions. In these cases small sized ball lightning 
evaporates significant amounts of water. This fact is confirmed by a number of 
observers. The energy density of a ball lightning can be estimated by the conse-
quences that it leaves after it affects an object. The existing estimations of the 
energy density the ball lightning show that this value is equal to 10 310 J minW =  
[5]. Observations have shown that ball lightning is able to penetrate not only 
through glass windows, but also through solid objects, including sheets of metal 
and plastic [13] [14]. The ball lightning is often observed in enclosed spaces, as 
well as in cockpits and aircraft fuselages, in which there are no high voltage 
sources and capacitors with a large electrical capacity, which are necessary to 
generate the ball lightning. The passage of ball lightning through solid objects 
and the appearance in closed rooms give sufficient reason to believe that ball 
lightning is a source of elementary particles. It is known that only neutrino has 
an extremely high penetrating ability. The appearance of the ball lightning inside 
of an airplane is dangerous because it can cause a short circuit in a computerized 
system of control and, therefore, lead to a crash. A feature of the process of inte-
raction of the ball lightning with the surface of a solid is the absence of imprints 
of charged particles on the surface of a body through which the ball lightning 
passes. Several attempts have been made to explain the high penetrating ability 
of the ball lightning. То explain the phenomenon of the penetration of ball 
lightning through glass, model has been proposed [15]. According to model [15] 
a ball lightning can appear inside a house or a plane cockpit during a thunders-
torm on a closed glass window. This can occur due to accumulation of atmos-
pheric ions on the isolating surface of the glass (or plexiglass) window. The col-
lected surface charge can produce electric fields inside the cockpit or a room 
which are sufficient to sustain an electric discharge that creates a ball lightning 
according to [15]. However, there is no sufficient reason to believe that the elec-
tric field strength inside the cabin will be sufficient to generate the passed ball 
lightning. 
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In [16], a model was proposed, according to which the atmospheric ball lightning 
makes a hole of very small diameter in the glass and penetrates through the glass 
without breaking it. This model explains the process of passing the ball lightning 
as a result of its mass transfer through a small hole from one side of the window 
glass to the other [16]. However, this can only be the case when the surface ten-
sion force dominates over the forces that are determined by the presence of elec-
tric and magnetic fields. In fact, the proposed model of the passing process does 
not take into account the presence of charges inside the ball lightning. This 
model also contradicts the high-energy ball lightning model [4] [6] [17] [18]. It 
should be noted that in a number of experiments carried out in [10] [14] [18] 
with a laboratory produced ball lightning the holes in glass were not observed. 
The models [15] [16] are valid only for explaining the passage of the ball lightning 
through dielectric materials. All currently existing models of ball lightning do 
not allow explaining the process of their penetration through sheets that are 
made of metal. The assumption that there is a particle that can pass through sol-
ids without any noticeable effect—a neutrino, which in the presence of an ex-
cited nucleus can take on a lower energy level than is required for the formation 
of pairs, and generate a stable state in the form of a “heavy neutrino” is given in 
[19]. 

The phenomenon of anomalous passing the radiation through solid body tar-
gets is also observed in laser physic—a fluxes of fast particles (including relati-
vistic protons, electrons, and positrons) and a magnetic field from the back side 
of the target were registered in a number of experiments at intense interaction of 
laser radiation with the target [20] [21]. The phenomenon of the anomalous ball 
lightning penetration or super-passability was detected in the experiments [14] 
[22] is in some sense similar to the known phenomenon of helium super-fluidity, 
as noted in [10]. But in this case entirely different physical processes occur. The 
passing of the ball lightning through a solid body is one of the unsolved physical 
problems. 

It should be noted that linear and ring accelerators are used in high-energy 
physics and technology to obtain elementary particles. The accelerators of such 
type consist of a proton source and a large number of accelerating modules. The 
disadvantage of existing installations is not only their very long length—they al-
so require a high vacuum and significant consumption of electrical energy. The 
outstanding naturalist F. Bacon noted many years ago that all the best is in Na-
ture and should be used for people. It should be noted that physical processes in 
Nature are implemented in a highly rational way and phenomena are observed 
that give sufficient grounds to believe that there are natural sources of elemen-
tary particles. The principle of operation of such sources differs significantly 
from the principle used in linear and annular accelerators. 

The main goal of this paper conclude in creating the theoretical model that 
qualitatively describes the experimental results obtained by the authors on the 
anomalous penetration of the ball lightning through a dense matter, including 
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solid objects. Studies of the ball lightning give an opportunity to obtain a princi-
pally new knowledge in physics. The time to open “a small window into a other 
world” has come in accordance to [2]. 

2. Experimental Results on Passage of the Ball Lightning 
through the Solid-Body Sheets 

In experiments on studying the passage of the ball lightning through glass, plastic 
and metals, the ball lightning obtained in the laboratory, which is quasi-neutral in 
whole, was used. It consists of a core with excess negative charge and an outer 
spherical shell with excess positive charge. The distance between the core and 
the shell exceeds the Debye screening length. The generation of ball lightning in 
plasma occurs as a result of charge separation using crossed fields due to the fact 
that the external force due to the electric field exceeds the force of the Coulomb 
interaction between electrons and plasma ions. The mass of the experimental 
setup with a high-voltage transformer and a start-up unit is approximately 1500 
kg. The experiments were carried out at normal atmospheric conditions on the 
experimental facility “Prometheus” that was equipped a device for obtaining of 
the ball lightning—an electric-discharge spheretron [10]. Figure 1(a) shows a 
scheme of experiments for studying of the ball lightning. A description of expe-
rimental installations for producing the ball lightning is given in [10] [17] [18] 
[22]. An optical image of ball lightning 50 cm in diameter in the absence of a 
solid-state sheets is given in Figure 1(b). The registration of the optical images of  

 

 
Figure 1. (a) A scheme of experiments. Designations: 1—spheretron; 2—capacitive ener-
gy storage; 3—starter unit; 4, 5—ball lightning before and after passage of a solid-state 
sheets; 6—a solid-state sheet; 7—electron-optical converter EP-15; 8—electron-optical 
camera FastCam-5; 9—neutron detector; 10—probe (or collector); L-lense. (b) An optical 
image of ball lightning 50 cm in diameter in the absence of the solid body sheets. 
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ball lightning by its luminosity was carried out by means of the electron-optical 
converter EP-15 with resolution in space and time and electron-optical camera 
FastCam-5. 

The maximum sensitivity of converter EP-15 was in the yellow-green range of 
spectrum. The facility is equipped with a plexiglass chamber used in the experi-
ments on the ball lightning penetration through thick solid body objects. Figure 
2(a) shows general view of the experimental region with a plexiglass chamber on 
the “Prometheus” installation. 

The plexiglass chamber was used only in experiments with very heavy ab-
sorbing elements, which consisted of lead and lead blocks. At the top of the 
camera were installed solid-state sheets, which were previously called absorbing 
filters. The term “absorbing filter” meant a solid body that partially or com-
pletely absorbed flows of charged particles and electromagnetic radiation. How-
ever, this term is not correct because there is no absorption of the ball lightning 
when it passes through solid-state sheets. The angle between the direction of en-
trance of the ball lightning and the plane of the solid-state sheets was equal to 90 
degrees. Glass, aluminum and plexiglass sheets were installed on shelves that 
were made on the side surface of vertically installed gypsum boards—see Figure 
3(b). The solid-state sheets were not grounded. 

First we investigated the penetration of the ball lightning through glass sheets. 
Then we used plexiglass, aluminum and steel sheets as solid-state objects. A lead 
objects, which consisted of a sheet and blocks with a total thickness of 6 cm, 
were placed in the upper part of the chamber (see Figure 2(b)), since, due to the 
large mass of lead blocks, it was impossible to install them using the side shelves.  

 

 
Figure 2. (a) General view of the “Prometheus” experimental facility with plexiglass 
chamber, which was used in experiments of passage of the ball lightning through solid 
body objects. (b) The solid-state object consisting of sheets aluminum, steel, lead sheet of 
thickness 1 cm and 5 cm lead blocs BS-50 on the top of the plaxiglass chamber. 
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The use of a wide range of solid-state materials in experiments was due to the 
intention to confirm the assumption that ball lightning is created outside the 
aircraft and only then penetrates into its fuselage. Unlike submarines, aircrafts 
do not have powerful enough electric sources, in order to create the ball lightning. 
The length and width of solid-body sheets were respectively equal to 100 cm and 
94 cm. A box was made from three gypsum plasterboards in order to exclude 
possible effect of reflected and re-reflected plasma luminosity (created in the 
discharge) during the registration of optical images. The width of the plaster-
board box was 94 cm and the height was approximately 2.5 m. An image of the 
ball lightning between two a glass sheets is given in Figure 3(a). Figure 3(b) 
shown the ball lightning an ellipsoidal shape that has passed through two plex-
iglass sheets thickness of 4 mm every. The image of the ball lightning that has 
passed through 1.5 mm aluminum sheet and is entering into a 4 mm plexiglass 
sheet is given in Figure 3(c). The images in Figure 1(b) and Figure 3(a) were 
obtained with an EP-15 electron-optical converter. In Figure 3(a), we can see 
the fluxes of particles, which are directed through the upper sheet in the direc-
tion of motion of ball lightning. This means that there is generation of fast par-
ticles from the ball lightning in the direction of its motion. The sensitivity of the 
photographic film which is used for the optical registration in the electron-optical 
converter was equal to 3200 units. The images of the ball lightning in Figure 
1(b) and Figure 3(a) were received with an exposure of 5 ns. In Figure 3(a) 
there is also an optical distortion due to reflection and re-reflection of the light 
between two glass sheets. The difference in the diameters of the ball lightnings in 
Figure 1(b) and Figure 3(a) is associated with the difference of energy values in 
the used capacitive energy storages of the experimental facility “Prometheus”. 
The images in Figure 3(b) and Figure 3(c) was obtained by a high-speed cam-
era FastCam-5. It was not possible to get series of good quality images of the ball  

 

 

Figure 3. (a) The image of the ball lightning between two a glass sheets. (b) The image of 
the ball lightning an ellipsoidal shape that has passed through two plexiglass sheets. (c) 
The image of the ball lightning that has passed through 1.5 mm aluminum sheet and is 
entering into a 4 mm plexiglass sheet. 
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lightning using a black-and-white camera. This requires a camera with an elec-
tron-optical converter with the maximum of sensitivity in the blue part of the 
spectrum. 

Visual observations of the ball lightning were carried out using a blue optical 
filter because the brightness of the plasma glow in the discharge zone was always 
higher than the brightness of the resulting ball lightning and due to the possibil-
ity of damage to the eyes. A good visibility of ball lightning was in the zone of its 
generation, as well as in the area of obstacles such as the solid-state sheets or the 
ceiling of the laboratory, which were encountered on the way of its movement 
upward at great speed. The electric lights in the laboratory were turned off dur-
ing the experiments. However, at during the start-up of the experimental setup, 
there was always intense background radiation due to the glow of the plasma in 
the discharge. An illustration with results of visual observations of the ball lightning 
passing through the solid-state sheets is given in Figure 4. In the experiments it 
was revealed that when the ball lightning passes through the thin solid-state 
sheet, the luminosity maximum is located in the region approximately corres-
ponding to the diameter of the outer spherical shell—see Figure 4(d). With in-
creasing of the thickness of the solid-state sheet the luminosity intensity is re-
duced and at some thickness value only an aura is visible in the area above the 
solid-state sheet (see Figure 4(e)). With further increase of the thickness of the 
solid-state sheet during the experiments only a black spherical formation (a 
black ball lightning) has been observed above the sheet [10]—see Figure 4(f). 
The diameter of the black ball lightning becomes approximately equal to the 
diameter of core of the ball lightning which approaches to the solid-state sheet. 
An analogy between the ball lightning and a small a black hole was presented in 
[23]. As good known, the radiation intensity of the black hole is not sufficiently 
for its optical registered. It should be noted that black color of the ball lightning 
can’t be a base for an analogy between the ball lightning and the black hole. The 
ball lightning has its own specific features. It is impossible to carry out an optical 
recording of the black ball lightning due to the lack of radiation, but, contrary to 
the black hole, the black ball lightning is possible to observe visually at during  

 

 
Figure 4. Illustrations of: (c) a ball lightning entering into thin a solid-state sheet; (d) a 
ball lightning that has passed through the thin solid-state sheet; (e) an aura on top of the 
solid-state sheet; (f) dark ball lightning that has passed through the thick solid-state sheet. 
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experiments. The vertical (axial) speed of the ball lightning in the zone of its 
generation exceeds 5 × 108 cm/s. High speed of movement is achieved due to the 
acceleration of the ball lightning particles in crossed alternating electric and 
magnetic fields, with help of which structural elements of the ball lightning are 
formed as a result of charges separation. The vertical speed of ball lightning in 
the generation zone differs greatly from the speed after its transition to a drift 
state in space [7]. 

It should be noted that black ball lightnings were also observed in experiments 
in absence of the solid-state sheets at a very low charge in the capacitive storage 
(Q = 0.25 C). The black ball lightnings obtained in the experiments with a small 
charge pass through the solid-state sheet (if it present) as well as the convention-
al ball lightnings, which were obtained with a charge in the capacitive energy 
storage equal to Q = 1 - 3 C. The existence of the black ball lightning is asso-
ciated with a small value of its charge. 

3. Electric and Magnetic Fields of the Ball Lightning 

Earlier it was obtained that ball lightning consists of a core with surplus negative 
charge and an external spherical shell with surplus positive charge [9] [10]. An 
optical images of the ball lightning obtained on the “Prometheus” facility in the 
absence of light in the laboratory, the schemes of its structure and orientation of 
fields are given accordingly in Figure 5(a), Figure 5(b) and Figure 5(c). The 
distance between the core and the outer shell is greater than the Debye screening 
length. The ball lightning is an electrical domain of spherical shape which rotates 
with big angular velocity ω  about an axis of rotation. This confirms the fact 
that ball lightning is a spherical electrical domain. A strong electric field is al-
ways exists between the elements of the electrical domain [24]. The electric field 
of the ball lightning has both radial- rE  and ambipolar components- ambE  (see 
Figure 5(c)). 

The ambipolar electric field there is between the core and the outer spherical  
 

 
Figure 5. (a) An optical image of the ball lightning obtained on the “Prometheus” facility in the ab-
sence of light in the lab. (b) A scheme of ball lightning structure. Designation: 1-core; 2-intermediate 
layer; 3-outer spherical shell; 4-halo; B -lines of induction of the poloidal magnetic field; ω -an- 
gular rotation velocity. (c) A scheme of fields orientation in equatorial plane between an ele-
ments of the ball lightning. 
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shell. This field exists due to the fact that the rotating outer spherical shell causes 
a rotation of the core, which is caused by electrostatic interaction between the 
elements with surplus positive and surplus negative charges. The experiments 
have shown that the ball lightning has a poloidal magnetic field- θB  [10] [22]. 
The ball lightning also has a considerable rotational moment, which it acquires 
in the plasma vortex during its generation [25]. The rotating outer spherical 
shell, i.e. closed ring current of charged particles—protons, creates a poloidal 
magnetic field—the magnetic dynamo. There is also a halo outside the outer 
spherical shell. The halo existence is associated with the outer electric field be-
tween the outer spherical shell and the atmosphere surrounding of the ball 
lightning. 

An analysis of distribution of the glow intensity of the laboratory ball 
lightning (see Figure 6) used in these experiments and the ball lightnings rec-
orded by observers during a thunderstorm in nature (see Figure 7) using the 
Scion Image program (created by the Scion Corporation) and Abel’s inversion 
shows that the glow intensity of the core is significantly less than the glow  

 

 
Figure 6. Radial distribution of glow intensity for the ball lightning used in the experiments. 

 

 
Figure 7. Radial distribution of glow intensity for the natural ball lightning. 
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intensity of the outer shell. 
The intensity of the outer electric field is significantly lower than the intensity 

of the radial electric field between the elements of the ball lightning. The result-
ing value of the electric field intensity is equal to the vector sum of all compo-
nents. In process of the ball lightning generation the intensity of the electric field 
is changes. Experiments have shown that the ball lightning has a strong electric 
field [10] [17]. The radial electric field strength considerable times exceeds the 
limit value for electrical breakdown in an air. Electrical breakdown between the 
core and the outer shell of the ball lightning does not occur due to the presence 
of a magnetic field, which prevents the movement of electrons in the radial di-
rection and due to the absence of particles (conductive matter) between its the 
structural elements. 

Аn experiments were carried out in which bursts neutrons were registered 
during generation of ball lightning, which exceed the level of natural neutron 
background [19]. The value of the ball lightning potential, which exceeds the 
value required for the nuclear photoeffect, was also measured. These experi-
ments made it possible to create a relativistic proton-electron model of the ball 
lightning. The ball lightning core consists mainly of electrons and an external 
spherical shell consists mainly of protons [19]. It should be noted that the orien-
tation of intensity vectors of electric and magnetic fields in a ball lightning is 
similar to that of such field vectors in the particle accelerator of cyclotron type. 
The presence of strong crossed electric and magnetic fields makes it possible to 
consider ball lightning as an autonomous charged particle accelerator “built” 
into the atmosphere, as noted in [10]. As it is known, the maximum energies of 
charged particles in cyclotrons are approximately 20 - 25 MeV. This value is sig-
nificantly higher than the value that was obtained earlier by the author using the 
method of absorbing [10]. 

The long existence of ball lightning is due to the fact that its rotating structur-
al elements consist of a core and an external spherical shell with surplus space 
charges [10]. The excess charge of one sort and the lack of charge of other sort in 
the core or in the external spherical shell significantly reduce the possibility of an 
electron capture by the nearest ion, therefore the recombination processes in the 
ball lightning become impossible. As is good known, laboratory plasma is a lo-
cally quasi-neutral form of the state of matter in accordance with the classical 
definition of the Nobel Prize laureate I. Lang-muir. The fact that ball lightning is 
a quasi-neutral object as a whole, i.e. because of its structure, gives reason to be-
lieve that such a state can be interpreted as the fifth form of the existence of 
matter in Nature. The ball lightning core is located in the area with the mini-
mum of induction of the poloidal magnetic field. The magnetic field is created 
by a closed circular current of relativistic particles that are present in the outer 
spherical shell. It should be noted that plasmoids with a high penetrating ability 
were found in a high-current vortex discharge during the generation of the ball 
lightning [25]. 
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4. Energy Conversion at Entry the Ball Lightning into a 
Dense Medium 

The exceptionally high penetrating power of the ball lightning gives enough 
reason to suggest that at interaction of the ball lightning with the dense matter 
take place a generates neutrino [19] [26]. An attempt to explain the phenome-
non of the passage of ball lightning on the basis of the cascade process, which 
takes place in extensive air shower was undertaken in [26]. As known, the exten-
sive air showers occur when the high-energetic particles enter a dense atmos-
pheric layers. For the first time this phenomenon has been discovered in [27]. 
During the extensive air showers a cascade process of interaction between pri-
mary cosmic rays and atmosphere occurs. This interaction creates the secondary 
components of cosmic rays, namely, elementary particles. As you know, the 
primary high-energy particles are protons. The external shell of the ball lightning 
consists of protons [17]. The difference between the process of interaction of the 
cosmic rays with the atmosphere and the process of the passing of the ball 
lightning through the solid-state object is following. First of all, the ball lightning 
interacts with a matter which density many times higher than the density of air, 
and, secondly, the energy of the primary particles is lower than the energy such 
particles in extensive air showers. It should also be noted that the entrance of the 
ball lightning into the solid-state sheet occurs in the presence of its own poloidal 
magnetic field, which must enter the solid-state sheet having a finite magnetic 
permeability (see Figure 4(c)). The magnetic field which is created by the ring 
current of the particles in the outer shell of the ball lightning is much higher 
than the magnetic field of the Earth. The difference between the entrance of ball 
lightning into the solid-state sheet and the entrance of high-energy protons in an 
extensive air shower is also that the spins of the ball lightning protons have the 
same orientation—therefore, the ball lightning is a spin-polarized object. It is 
obvious also that the magnetic field cannot penetrate through thick solid-state 
sheet such as lead 6 cm thick. If across the direction of motion of the black 
spherical formation is installed a sheet of metal so that it has rotational and vi-
brational degrees of freedom, i.e. hang it in one point, then the interaction of the 
black ball lightning with a sheet leads to oscillation of this sheet. This means that 
the particles from which consist the black ball lightning possess the impulse, i.e. 
they has not only speed but also mass. The potential measurements by means of 
the probe under the ceiling indicate that the signals have a variable polarity. This 
means that the ball lightning that has passed through the solid-state sheet con-
sists of positive and negative charges. The generation of muons and neutrino 
during the interaction of the ball lightning with thick solid-state plates is con-
firmed by the presence of the black ball lightning, which passed through a sheet 
and blocks of lead with a total thickness of 6 cm (see Figure 2(b)). 

The presence of the nuclear photoelectric effect during the generation of ball 
lightning and the measurement of its potential showed that the energy of pro-
tons in the outer shell of ball lightning is 20 MeV [17]. This energy value is in-
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sufficient to generate pions and kaons. In the first approximation, we can as-
sume that the stability of ball lightning is achieved when the centrifugal force is 
balanced by the force between the structural elements of the ball lightning caused 
by electric field. The equation of force balance for ball lightning can be written in 
the form 

2m q
R

=
v E ,                          (1) 

in which m is the mass of the proton, v is its velocity, R is the radius of the ball 
lightning; q is its charge; E  is the strength of the electric field inside the ball 
lightning. Taking into account the radius ( 12.5 cmR = ) and electric field strength 
( 42.3 10 V cmE =  ) obtained in [10] it’s possible to find that the energy of pro-
tons in the external shell of ball lightning does not differ at best from the energy 
obtained during the generation of ball lightning in a cyclotron-type source. How-
ever, this value of proton energy is insufficient to realize a cascade process at the 
entrance of ball lightning into a dense matter. The phenomenon of anomalous 
passage of ball lightning through metal absorbers had observed by authors several 
thousand times in the experiments since 2006 year. The absence of a theory that 
can give a correct explanation for the observed phenomenon is not a reason for 
negating the experiment. This means that protons gain enough energy to genera-
tion pions at time when they enter a dense matter. This process is similar to the 
process of cosmic rays acceleration that enters the gas clouds in the interstellar or 
intergalactic matter in magnetic field [28]. The entrance of a spherical ball lightning 
into a dense matter is equivalent to the process of expanding the sunspot. The 
process of expanding the sunspot as well as the process of entering the ball lightning 
into a dense matter with final permittivity is accompanied by a change of the mag-
netic field. As known the acceleration of charged particles occurs in time-dependent 
magnetic fields. The generation or the disappearance of the magnetic field is ac-
companied by the appearance of an induced electric field in which electrons and 
protons can be accelerated up to relativistic values of energy [28]. The process of 
obtaining energy by protons during the interaction of ball lightning with a dense 
matter can be explained elementary by means of a cyclotron mechanism [28]. The 
magnetic flux Φ  variation in time creates a potential U in accordance with M. 
Faraday’s law 

d
d

U
t
Φ

− = .                          (2) 

The magnetic flux at first approximation is given by expression 
2dS B RΦ = ⋅ = ⋅π ⋅∫B .                     (3) 

The value of energy that the charged particle gains at the change of magnetic 
field with induction B  can be found by the formula [28] 

2 d
d

eU e R
t

π= =
BE .                      (4) 

Charged particles of the ball lightning with a radius of 0.1 m with magnetic 
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field induction B  in a few nanoseconds of interaction of the ball lightning with 
a solid-state sheet, increase the energy from 20 to 140 MeV. To calculate the in-
crease of particle energy, it is necessary to have accurate values of the magnetic 
field induction and the time of its change. It is impossible to experimentally ob-
tain exact values of these values because ball lightning is an object with strong 
own fields. However, it is impossible to refute the fact that when ball lightning 
interacts with a dense matter, the process of converting the energy of the own 
magnetic field of the ball lightning into the kinetic energy of its charged particles 
occurs. Obvious evidence of this phenomenon is visually observed ball lightning 
passing through solid-body sheets, and it also consists of electrical charges simi-
lar to incoming ball lightning. The energy gained by protons when ball lightning 
at enter into a solid-body sheet becomes sufficient for the formation of pions 
and the implementation of a cascade process of generation of elementary par-
ticles. 

It is also possible that when the ball lightning enters a dense matter between 
its core and outer shell, an electrical breakdown will occur, which will lead to the 
generation of an intense transverse electromagnetic wave diverging in a plane 
perpendicular to the ball lightning axis. A similar phenomenon takes place in 
emitting stars and it realized when the balance of the acting forces between the 
elements of the star is disturbed. A further increase in the energy of ball lightning 
particles will occur by means of a transverse electromagnetic wave. There are no 
other possible mechanisms to explain the increase in proton energy during the 
ball lightning contact with a solid-state target. 

5. Theoretical Justification of the Super-Passability  
Phenomenon of the Ball Lightning 

A phenomenon analogous to the extensive air showers in the Earth’s atmosphere 
occurs when the ball lightning interacts with a dense matter. As you know, a 
cascade process occurs when primary particles with high energy (protons) inte-
ract with a dense matter. As a result of the cascade process, primary particles 
decay into elementary particles [28]. The cascade process at the interaction of 
the primary particles with air was carefully studied in [29] [30]. The cascade 
process at the interaction of ball lightning with the dense matter is occurring in a 
following way. Due to the conversion of energy when ball lightning enters a 
dense matter, the kinetic energy of protons becomes sufficient to generate pions 
and kaons. It is also impossible to exclude the possible influence of the fact that 
ball lightning is a completely spin-polarized object. When protons with energies 
exceeding 140 MeV collide with the nuclei of dense matter atoms, two types of 
pions are formed: neutral 0π  and charged: π + , π − . The neutral pions 0π  
are then decayed into two photons, which create electrons and positrons in 
Coulomb field of the nuclei. The bremsstrahlung of the electron-positron pair 
leads to the appearance of an electro-magnetic shower consisting of low-energy 
gamma-quantums, namely photons. By interacting with the nuclei, the charged 
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pions generate new particle showers. A scheme of cascade process at the interac-
tion the protons of the ball lightning with a dense matter is given in Figure 8. As 
known the decay of a negative pion π −  causes an appearance of a negative 
muon together with a muon antineutrino 

µπ µ ν− −→ +  .                        (5) 

The decay of a positive pion π +  creates a positive muon with a muon neu-
trino 

µπ µ ν+ +→ + .                        (6) 

The negative muon itself is decayed into an electron, muon neutrino and elec-
tron antineutrino 

ee µµ ν ν− −→ + +  .                       (7) 

Similarly, due to decay of the positive muon, a positron, electron neutrino and 
muon antineutrino appear 

ee µµ ν ν+ +→ + +  .                       (8) 

Due to the fact, that charged muons have the same charge value as electron, 
and the mass which exceeds the electron mass approximately 207 times, one can 
propose the following hypothesis. Let’s suppose that muons persist the same  

 

 
Figure 8. A schema of the cascade process at the interaction high-energy protons of the 
ball lightning with a dense matter of the solid-state sheet. Note: the magnetic field lines of 
the ball lightning are not shown in this sheme. 
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movement direction, which the charged particles of the ball lightning have had 
before they reached the solid-state sheet. The muon decay is going to occur also 
above the surface of the dense matter. The interaction between the charged par-
ticles and neutral atoms of the air over the solid-state sheet will cause ionization 
of atoms. Simultaneously, the weak poloidal magnetic field of the entering ball 
lightning penetrates into the solid-state sheet. The induction of the penetrating 
magnetic field is changing in time. According to Maxwell equation changing in 
time magnetic field creates an electric field. The azimuthal (vortex) electric field 
will be created in the region over the solid-state sheet. The process of charges 
separation in the area above the solid-state sheet occurs due to the diffusion of 
charged particles across of the nonuniform magnetic field. The structural ele-
ments of the ball lightning receive a significant rotational moment due to the 
movement of charged particles in crossed electric and magnetic fields ( r θ×E B ). 

The core and the outer spherical shell of the ball lightning are created due to 
charge separation, which is caused by motion of charged particles in crossed 
longitudinal magnetic and azimuthal electric fields. The ball lightning elements 
with excess space charges rotating by azimuth (so-called outgoing ball lightning) 
appear as a result of the inequality of the charged particle fluxes above sol-
id-state sheet. The formation of the outgoing ball lightning ends when the re-
sultant of all forces in the equatorial plane becomes equal to zero. The condi-
tions for a stable state of ball lightning are given in [10]. It should be noted 
that the cascade mechanism for explanation of the super-passability pheno-
menon of the ball lightning at first approximation has been proposed in [26]. 
A multitude of the above facts give sufficient grounds to believe that when the 
ball lightning enters a solid matter, a cascade process occurs, accompanied by 
the generation of muons and muon neutrino. This is the only way to explain 
the super-passability phenomenon of the ball lightning from the point of view 
of standard physics. 

6. On Possibility of Using the Ball Lightning for 
Muon-Catalyzed Fusion 

As you know, one of the relevant problems for humanity is the problem of an 
energy. Attempts to solve this problem for many years have been unsuccessful. 
There are many unsolved problems in thermonuclear fusion [31]. The main 
one is the problem of magnetic plasma confinement, which has no solution 
[32]. 

The problem of an energy based on the nuclear fusion reactions can be solved 
only if it performed in a low temperature medium with high frequency of colli-
sions between components of mixture. There are sufficient grounds to believe 
that the concept of nuclear fusion based on muon catalysis [33] is the only cor-
rect approach for successfully solving the problem of nuclear fusion. This con-
cept has been experimentally confirmed [34]. However, the cost of muons pro-
duced by giant accelerators is very high. This problem can be successfully solved 
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if ultra-short duration laser [35] or ball lightning [36] is used for carry out 
muon-catalyzed fusion. It should be noted that facts of the water evaporation in 
large amounts when a small natural ball lightning hit the container have been 
confirmed in a number of observations. There are sufficient grounds to believe 
that the ball lightning is a natural reactor of nuclear fusion. The nuclear fusion 
reaction takes place when the ball lightning enters into the water due to the pres-
ence of deuterium in the water and appearance of the muons. The generation of 
the muons at interaction of the ball lightning with the target or the dense medium 
makes possible to use of their for nuclear fusion purposes. An interesting applica-
tion is a periodic injection of the ball lightnings into the chamber of the reactor 
of nuclear fusion which was preliminary filled of dense low-temperature deute-
rium-tritium mixture [36]. The experiments were started in the laboratory on 
ball lightning interaction with deuterium-containing medium. As know, the op-
timal medium for the fusion reaction is a mixture of deuterium with tritium. 
The water and the water vapor were chosen by the authors because of the lack of 
possibility to work with a mixture of deuterium and tritium. The experiments 
were stopped due to unreasonable restrictions from officials in connection with 
the pandemic and the problem due to funding. 

7. Conclusion 

The experiments on the study of the ball lightning passage through the solid- 
state materials were carried out. The theoretical model, which allows to give an 
explanation for the phenomenon of anomalous passage of the ball lightning 
through the sheets from metal, was elaborated on the basis of obtained experi-
mental data. The nature of phenomenon concludes in the fact that when the ball 
lightning enters into a dense medium occur a process of energy conversion of 
own magnetic field into the kinetic energy of charged particles. The collisions of 
high-energy protons of the ball lightning with the nuclei of the atoms of the 
dense medium lead to the generation of pions. The decay of the pions creates 
muons, neutrino, antineutrino or photons. In the experiments, the black ball 
lightning was also detected when a normal ball lightning passes through very 
thick solid-state sheets. The article also notes that there is some analogy between 
the ball lightning entering dense matter and the pulsar, which periodically 
creates fluxes of particles due to changes in their magnetosphere. The pheno-
menon of the generation of muons and neutrino at the entrance of the ball 
lightning into a dense medium opens up new perspectives in many areas of re-
search and applications and will affect the possibility of solving the energy prob-
lem on the basis of muon-catalyzed fusion. It should be noted that methods for 
producing the ball lightning have been developed and tested many times on the 
created experimental installations of the “Prometheus” type. The results ob-
tained in this work make a contribution to knowledge about the fundamental 
properties of matter in Nature. In the experiments, ball lightning with a maxi-
mum diameter of 1 meter was also obtained [37]. 
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