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Possible mechanisms of creation of both hyperheavy nuclei by electron-nuclear 
collapse and neutron matter by condensation of ultracold neutrons are discussed. The 
possibility of such objects creation was previously justified by A.B. Migdal, who suggested 
that the known set of proton-neutron nuclei with mass numbers from 0 to 300 and a maximum 
specific binding energy of about 8 MeV/nucleon at A≈60 corresponds to the first region, 
beyond which (starting from about the charge Z ≈ (ħc/e2)3/2 ≈ 1600) there is an additional 
region describing a possible state of nuclear matter, stabilized by a pion condensate. In this 
region, the maximum specific energy corresponds to ≈15 MeV/nucleon at A ≈ 100000. It is 
shown that neutron matter can be obtained under certain conditions, and its systematization 
can be realized as an addition to the Periodic Table. When solving such problems, it becomes 
quite real to study not only physical, but also chemical, and possibly engineering and 
technical properties. Analysis shows that the stability of neutron matter at the microlevel is 
ensured by the Tamm interaction and the Hund beta equilibrium. Such matter can be quite 
stable not only on the mega-level (neutron stars) due to gravitational interaction, as was a 
priori assumed earlier, but also on the scale of "ordinary" matter. The process of 
neutronization is possible not only with critical gravitational interaction, but also by other 
mechanisms (supercritical increase in the atomic number of elements due to electron-nuclear 
collapse and condensation of ultracold neutrons), which opens the way to the fundamental 
possibility of obtaining both neutron matter in laboratory conditions and superheavy nuclei. 

Based on the works of Migdal, Tamm and Hund, the possibility of the existence of 
stable neutron matter (with Z >> 175, N >> Z, A >103‒105 and a size of 200‒300 femtometers 
and more) is argued at the microlevel, and not only at the mega-level, as is now considered in 
astrophysics. The following technical approaches to the implementation of UCN condensation 
are considered: 1) slow isothermal compression; 2) refrigerator for dissolving helium-3 and 
helium-4; 3) use of a conical concentrator for UCN focusing (Vysotsky cone); 4) magnetic 
trap; 5) additional UCN laser cooling. Neutron matter is considered as a potential 
cosmological candidate for dark matter. One should take into account the possibility of the 
formation of fragments of neutron matter as dark matter (neutral, femto-, pico- and nanoscale, 
the cooling of relics makes it difficult to detect them by now) already at the initial origin of 
the Universe, which is the dominant process. The observable part of the Universe is formed 
by the residual part of protons, and then by decayed single neutrons and unstable fragments of 
neutron matter (with Z > 175, N >> Z, but A < 103‒105). 
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1. INTRODUCTION 
 

Hyperheavy nuclei [1‒7] as well as neutron matter [8‒14], nowadays is a specific 
physical reality that requires the study of not only physical, but also chemical, and, possibly, 
in the near future, engineering and technical properties. Let us consider the possible 
mechanisms of the creation of hyperheavy nuclei by electron-nuclear collapse and neutron 
matter by condensation of ultracold neutrons (UCN). The fundamental possibility of creation 
of such objects was previously justified by A.B. Migdal, who suggested that the known set of 
proton-neutron nuclei with mass numbers from 0 to 300 and a maximum specific binding 
energy of about 8 MeV / nucleon at A ≈ 60  corresponds to the first region, behind which 
(starting from the charge Z ≈ (ħc/e2)3/2 ≈ 1600) there is still one additional area with a large 
value of the maximum binding energy  at  A ≈ 100,000, which describes a possible state of 
nuclear matter, stabilized by a pion condensate. 

Neutron matter, or rather the corresponding element, begins (zero period) and ends 
(supercritical atoms) of the Periodic System of Chemical Elements (PS). Neutron matter is 
given stability already at the micro level Tamm interaction, and it is stable not only at the 
mega level (neutron stars) due to gravitational interaction, as is usually believed in 
astrophysics. Neutronization is possible not only due to gravitational interaction, but also 
through other mechanisms (supercritical increase in the atomic number of elements [15] and 
condensation of ultracold neutrons [16,17]. These circumstances show that there is a 
fundamental possibility of obtaining neutron matter in terrestrial conditions [8‒14]. Neutron 
matter is consistent with the original concept of the Periodic Law (PL) and PS, proposed by 
Dmitry Ivanovich Mendeleev [18‒20]. 

From the standpoint of general chemistry, a neutron substance can be classified as 
chemically simple (that is, it cannot be decomposed into simpler substances by chemical 
means or reduced to allotropic modifications of already known substances), then the question 
inevitably arises about the corresponding element and its place in the PS. Proceeding from the 
logic of PL ‒ (ordinal number - electric charge) ‒ the ordinal number of neutron matter in the 
PS will correspond to zero, which makes us recall and develop the ideas of Dmitry Ivanovich 
Mendeleev about the zero group and the period. 

D.I. Mendeleev did not have time and opportunity to solve this problem, and his 
students and followers tried to forget this topic as "erroneous." Modern knowledge about 
neutron stars and neutron matter persistently makes one recall his ideas about the elements 
disposed before hydrogen and assert the truth of his brilliant prediction, which more than 100 
years ahead of the natural science of his time. 
 
2. STABILITY OF HYPERHEAVY NUCLEI AND NEUTRON MATTER 
 

In a neutron substance of sufficient size (more than a layer of complete absorption), an 
electron emitted during decay with its sufficient energy is captured by the remaining protons, 
which, in turn, are converted into neutrons, thereby maintaining the dynamic equilibrium of 
the system. In fact, this corresponds to both the theory of Igor Evgenievich Tamm [21], which 
he put forward in his time (1934) to explain the mechanism of nuclear forces for ordinary 
nuclei, and the ideas of Frederick Hund [22]. It should be noted that the theory of I.E. Tamm 
was not satisfactory for ordinary atoms (but he himself valued his "unsuccessful" theory of 
nuclear forces more than the Nobel work on Cherenkov radiation and considered his best 



 
 
theoretical achievement), but it is consistent and can be realized for neutron matter of the 
corresponding scale (200‒300 or more femtometers), giving it additional stability. 

In strongly interacting systems, there are many virtual particles and all kinds of 
interactions that are allowed invariance considerations are realized. So, in our opinion, Igor 
Tamm's "primordial" theory of β-nuclear forces (lepton exchange between nucleons), and not 
only its modification by Hideki Yukawa (π-exchange of nucleons), is still awaiting its 
recognition (because, besides the π-meson cloud, there are certainly other particles around 
each nucleon) and "dominates" in the neutron matter of the Universe, ensuring its stability and 
wide distribution. 

The initial study of this problem was also given by Frederick Hund [22] in the first 
microscopic description of the equation of state of nuclear matter in beta equilibrium in the 
article "Substance at very high pressures and temperatures", only if Tamm has virtual 
electrons, Hund realizes beta equilibrium completely real particles, but most importantly, both 
mechanisms contribute to the stability of supercritical (Z >> 175, N > 103‒105) nuclear matter, 
and, in strongly interacting systems, there is no fundamental difference between virtual and 
real particles. 

It is the additional interaction due to nuclear β - forces that gives stability to the 
neutron matter already at the micro-level, and not only at the macro-level due to the 
gravitational interaction, as it is now believed in astrophysics! 

The possibility of the existence of a superdense neutron nucleus was also considered 
in the work of A.B. Migdal [23] “Theory of finite Fermi systems and properties of atomic 
nuclei” in the section “Application of the Theory of finite Fermi systems in nuclear physics”. 
Migdal believed: “... neutron nuclei can be stable with respect to beta decay and fission, with 
Z << N and N> 103‒105. Such nuclei could be observed in cosmic rays in the form of large 
fragments.” Migdal suggested looking for neutron nuclei in the form of exotic traces in 
photographic emulsions after exposure to cosmic rays.  

The theories of Tamm, Hund and Migdal admit the stable existence of hyperheavy 
neutron nuclei at Z >> 175, N > 103‒105 and sizes of 200‒300 and more femtometers. 

Nevertheless, it is widely believed that the minimum mass for the stable existence of a 
neutron object is 0.1 solar masses [24]. It is believed that the equations of state used in this 
case are based on supposedly rich (?) Experimental material and therefore give a fairly 
accurate value for the minimum mass. The very fact of the existence of the minimum mass of 
a neutron star is justified by the fact that at low densities, neutrons, due to their susceptibility 
to beta decay, cannot be the predominant component of matter, and a high neutron density in 
them is provided only by gravitational interaction. 

Most models of the neutron stars structure were based on the solution of the Tolman - 
Oppenheimer - Volkov equation [24]. Currently, there are several dozen models, ranging from 
the so-called "soft" equations of state (derived from models in which, at densities of the order 
of nuclear, the average interaction energy corresponds to attraction) to rigid equations of state 
(obtained for models in which there is repulsion). Since different models corresponding to 
different equations of state lead to a fairly wide range of parameters characterizing a neutron 
star, one might hope that an accurate determination of such parameters would make it possible 
to concretize the very equation of state of neutron matter, the very nature of internucleon 
interaction. 

Unfortunately, until now it has not been possible to obtain reliable estimates of the 
main characteristics of neutron stars. Thus, the accuracy in determining the radius R is on 
average 50‒100%. To date, the equation of state has not been obtained in the framework of 



 
 
quantum chromodynamics. Thus, the minimum mass of a neutron star, which is considered 
equal to 0.1 of the solar mass, is obtained from extremely approximate equations with an error 
of 100% or more, as indicated in many works on this topic, nevertheless, this number is 
widely replicated. Based on the conclusions from the theories of Tamm, Hund and Migdal, we 
can expect the stable existence of microscopic neutron objects (Z >> 175, N > 103‒105) and 
neutron stars with a mass of less than 0.1 of the Sun. The author of the very concept of 
neutron stars, Fritz Zwicke [25], wrote about the possibility of the existence of neutron 
objects of much smaller sizes (3‒10 m) under certain conditions. He believed that further 
analysis of matter at nuclear density is important not only for our understanding of eruptions 
in stars, from ordinary star explosions to supernovae, but it also promises to radically change 
some of the current ideas on the formation of elements in the theory of the evolution of the 
Universe. 

The question of the possibility of obtaining neutron matter in laboratory conditions on 
Earth is partly rhetorical. The point is that it is necessary to distinguish between two aspects: 
mononeutron (ultracold neutrons) and polineutron (similar to stellar cosmic) matter. As for the 
mononeutron matter, it has long been obtained in Earth conditions (Shapiro, 1968), although it 
is not stable [16]. It is interesting to note that on the one hand, a mononeutron substance, or 
rather an element corresponding to it, occupies a place in the PS before hydrogen, which 
corresponds to the element Coronium proposed by D.I. Mendeleev. On the other hand, the 
polyneutron matter closes the PS, thus in the general case, the neutron matter both opens and 
also closes the PS. The question of obtaining polineutron matter is to be solved in the near 
future [8]. The situation is now similar to that at the end of the 30s of the last century, when a 
breakthrough was made in the mastery of nuclear energy, although many doubted the 
possibility of this. 
 
3. OBTAINING HYPERHEAVY NUCLEI BY ELECTRON-NUCLEAR COLLAPSE 
 

In the works of A.V. Migdal [23] it was shown that for very heavy nuclei (starting from 
nuclei with a charge Z ≈ (ħc/e2)3/2 ≈ 1600) there is a condensation of pions, which under this 
condition become real (not virtual) particles. Under this condition, a very significant 
rearrangement of the nuclear structure occurs, and the maximum specific binding energy is 
shifted from the range of standard parameters (Z ≈ 60, Еbond ≈ 8 MeV / nucleon) to the range 
of mass numbers A=100,000, reaching the value of Еbond ≈ 15 MeV / nucleon. 

The main problem in the creation of such nuclei is the initial achievement of the Z ≈ 
1600 threshold, which corresponds to the conditional boundary (local minimum of the 
specific binding energy) between the “traditional” and “Migdal” regions of the mass numbers 
of nuclei. The scale of this problem is easy to imagine if we take into account the colossal 
efforts that are being made to create heavy nuclei with very moderate (on the scale of the 
Migdal model) charges Z = 116‒118 due to the collision of lighter nuclei. It is quite obvious 
that such a "frontal" way of creation of hyperheavy nuclei due to the collision of lighter 
accelerated nuclei is absolutely unpromising. 

In the articles [1‒3,7], a radically different method of “soft” (non-impact) step by step 
nuclear fusion of superheavy nuclei was proposed, which does not require the use of 
accelerators and special donor mother nuclei. 

This method uses two processes: 
a) Coulomb electron-nuclear collapse, based on the application of the nonlinear law of 

the Coulomb interaction of charges 



 
 

Ueff = ‒ Ze2/r‒ (Ze2/r) 2/2mec2, 
 

the action of which is realized at a small distance r < Ze2/mec2 or, respectively, at a high 
density of electron-nuclear matter, compressed to the state of a degenerate relativistic electron 
gas; 

b) the action of a strong axial shock wave providing the required compression ratio of 
the target at its front. 

It is shown in [1‒5,7] that when such a compression is performed, a self-controlled 
collapse of the electronic and nuclear components of the medium takes place, which sharply 
increases the degree of screening of the nuclear charge and provides the possibility of 
repeated (with a multiple increase in mass and charge) nuclear fusion with the participation 
(absorption) neighboring atoms and nuclei of the target. In addition, when these conditions are 
met, the process of protonization of nuclei becomes energetically favorable. 

The combined action of these two processes leads to a continuous shift in the position of 
the maximum binding energy within the complete nuclear-electronic subsystems from the 
initial value Z =60, typical for any matter under "standard" conditions, to values that can reach 
(and exceed) the critical value Z ≈1600, upon reaching which the process of increasing the 
charge and mass of the nucleus will be provided mainly by the mechanism of pion 
condensation of Migdal. 

Such a scheme was implemented under the leadership of S.V. Adamenko in Kiev at the 
«Proton-21» Laboratory [4‒7], in which nuclei with mass numbers in the range А ≈ 400‒4000 
were created and registered in the course of experiments with the action of an axially 
symmetric electron beam on a needle target. On the basis of detailed mass spectrometric and 
spatial analysis of secondary light nuclei generated during rapid evolution in the vicinity of 
these hyperheavy nuclei, there are good reasons to believe that, upon entering the "ordinary" 
substance (storage screen located next to the target), these nuclei continued to grow, absorbing 
neighboring nuclei of the screen material (copper in conducted experiments) and "dumping" 
excess binding energy in the form of these secondary light nuclei [6,7]. 

We have also shown [3] that such a process, under certain (real) conditions, can occur 
on stars in the process of gravitational collapse, which can lead to the creation of proton-
electron stars as an astrophysical alternative to neutron stars. 
The main condition for the realization of such a scenario is an accelerated gravitational 
collapse, the duration of which should be significantly shorter than the duration of the stage of 
neutronization of nuclei. Analysis [3] shows that with successive compression of the stellar 
matter, these stages follow one after another. If the compression in the process of gravitational 
collapse occurs rather slowly, then the compression process ends at the stage of formation of a 
neutron star. However, in the case of anomalously fast compression, only a small fraction of 
protons is converted to neutrons, and the subsequent compression will correspond to the stage 
of protonization of all nuclei with synchronous generation of electrons and antineutrinos. This 
stage begins from the moment when the main process of interaction of nuclei with electrons is 
the nonlinear Coulomb interaction, which corresponds to the concentration of electrons 
Ncritical= (2mec2/Ze2)3 as part of a degenerate electron gas. 

Direct estimates have shown that for the formation of such anomalous stars, the final 
stage of gravitational collapse should be significantly less than 1 sec, which can be realized 
only with a very optimal ratio of the stellar parameters before its gravitational collapse. 



 
 

If the compression process is long enough, then the state of the star will stop at the 
stage of complete neutronization of all nuclei without “switching on” the mechanism of 
nonlinear Coulomb interaction, which is realized only during subsequent compression. 
  
4. OBTAINING OF HYPERHEAVY NUCLEI BY NEUTRON CONDENSATION 
 
 It should be noted that Georgy Antonovich Gamov [26] was the first to speak about the 
condensation of cold neutrons. This idea is rarely mentioned, which eventually found 
application in the theory of neutron stars. G.A. Gamow in the late 30s of the last century 
showed that when a neutron gas is compressed, a new superdense state of matter arises. 
Gamow's main hypothesis: “We can anticipate that neutrons forming this comparatively cold 
cloud were gradually coagulating into larger and larger neutral complexes…”. 
In further development, the theory of the initial cold universe was discarded and together with 
it the idea of neutron condensation was forgotten. However, is this true? Neutron 
condensation is possible not only at low temperatures (ultracold neutrons), but also at 
ultrahigh pressures at temperatures below critical. 

Usually we on Earth deal with neutron radiation of various energies, but not with neutron 
matter. This was the case until 1968, when an experiment was carried out in the Laboratory of 
Neutron Physics under the leadership of Corresponding Member of the USSR Academy of 
Sciences Fedor Lvovich Shapiro [16], in which the phenomenon of very slow neutron 
confinement in vessels, predicted by Academician Yakov Borisovich Zel'dovich [17], was first 
observed. The behavior of neutrons trapped in evacuated vessels resembles the behavior of a 
highly rarefied gas in a vessel. Such neutrons are called ultracold (UCN). The confinement of 
UCN in vessels attracts researchers by the possibility (in comparison with a single flight of a 
neutron through the experimental volume) to observe this particle for a longer time in an 
experimental setup, which gives a significant increase in the sensitivity and accuracy of 
experiments on studying the interaction of neutrons with fields and matter. 

For example, the use of UCN made it possible to significantly lower the limit of the 
existence of the electric dipole moment of the neutron, which is necessary to test the law of 
conservation of temporal parity; to more accurately measure the lifetime of a free neutron 
before β-decay. The most important feature of UCNs is that they behave not like radiation, but 
like matter, and you can work with them as with matter, similar to a rarefied inert gas. 
Moreover, you can study both physical and chemical properties. The physical properties are 
already being studied, but it seems that the question of UCN chemistry is not even raised, 
since by default it seems somehow obvious that they should be similar to inert gases. This 
seems to be true, but now we already well know that inert gases under certain conditions (in 
particular, in an excited state) can enter into chemical reactions and form, albeit not stable, 
chemical compounds of the excimer type. Could something like this happen with UCN? If we 
proceed from the fact that Chemistry is only the interaction of the electronic shells of atoms, 
as many believe, then a categorical negative answer follows. But, if chemistry is understood 
more broadly, in general, the ability of micro- (nano-, pico- or even femto-) objects to interact 
and form relatively stable compounds, then why not? 

Of course, neutrons have no electric charge and no free electrons, so all ideas about 
possible classical chemical bonds (ionic, covalent, etc.) immediately disappear. But, neutrons 
have exactly a magnetic moment and possibly an electric dipole moment (the essential role of 
which is well known in chemistry). This can facilitate the formation of quasi-stable multi-
neutron complexes. 



 
 

Some aspects of this problem were considered in [27] when analyzing and substantiating 
the possibility of creating neutron molecules. 

Another option may be associated with the interaction of UCNs with molecules of 
substances with an odd number of electrons, and an experiment to detect the products of this 
interaction is quite realistic [13]. If someone finds it difficult to go beyond the concepts of 
traditional chemistry, then we can call it the quasi-chemistry of UCN. 

 New UCN sources are being actively developed all over the world, some of them are 
based on the use of solid deuterium at a temperature of 4.5 K (LANL, USA; PSI, 
Switzerland), and others ‒ on the accumulation of UCN in superfluid helium (KEK-RCNP-
TRIUMF, Japan-Canada; ILL, France) [28]. Similar work is being intensively carried out in 
Russia: the Neutron Laboratory at the Joint Institute for Nuclear Research (Dubna) and at the 
Petersburg Institute of Nuclear Physics (PNPI). In Gatchina, work is underway to create a 
high-intensity UCN source. With its help, they hope to obtain data that will provide answers 
to the most important questions of modern physics. The projected source will make it possible 
to obtain an ultracold neutron (UCN) flux with a density of 104 cm-3, which is many times 
higher than the currently reached maximum densities [28]. This task ‒ obtaining intense UCN 
fluxes ‒ is today considered one of the priorities in neutron physics. An ever increasing 
increase in the UCN density will inevitably lead to the formulation of the question of their 
possible condensation and the production of condensed neutron matter in laboratory 
conditions, similar to space. 

Not so long ago, a decisive breakthrough was made into a new field: a radically new type 
of matter was created, the so-called Bose condensates of atoms. Are neutron condensates 
possible? Condensates, the density and strength of which will be comparable to the density 
and strength of atomic nuclei. In other words, how close are we today to the stage of creating 
cosmic neutron matter in the laboratory? 

The 2001 Nobel Prize in Physics was awarded to researchers Eric A. Cornell, Wolfgang 
Ketterle and Carl E. Wieman for obtaining and studying the properties of the fifth state of 
matter, the Bose-Einstein condensate: they were able to obtain for the first time the Bose 
condensate [29]. It was possible to do this with the help of the methods of supercooling of 
particles by laser beams and a magnetic field, developed not long before. The Bose 
condensate of atoms was obtained in a form convenient for research and laboratory analysis. 
Soon, methods were found for obtaining Bose condensates of particles of half-integer spin, 
fermions. In them, the particles are combined in pairs, then collecting in a Bose condensate. 
Neutrons are similar in many properties to the lightest atoms. For example, the mass of a 
neutron is practically equal to the mass of a hydrogen atom, the Bose condensate of which 
was obtained by Ketterle in 1997. But, unlike atomic Bose condensates, the natural 
compression of which during Bose condensation is impeded by their electron shells, nothing 
prevents the compression of a neutron Bose condensate. In such a condensate, the UCN gas  
forms pairs with opposite spins, upon reaching the critical density and temperature, it will 
spontaneously shrink to almost nuclear density when nuclear forces come into play, forming a 
stable state ‒ condensed neutron matter. If in space a stable polineutron substance is formed at 
ultrahigh pressures, then on Earth it will be obtained at ultralow temperatures with a sufficient 
concentration of UCN, which sooner or later researchers will come to obtain. 

The following technical approaches to the implementation of UCN condensation are 
considered:  

1. Slow isothermal compression;  
2. Refrigerator for dissolving helium-3 and helium-4;   



 
 

3. Use of a conical concentrator for UCN focusing (Vysotsky cone) [30];  
4. Magnetic trap;  
5. Additional UCN laser cooling. 
 

5. NEUTRON MATTER IN COSMOLOGY AND ASTROPHYSICS 
 

The importance of neutron matter can hardly be overestimated in the astrophysics of 
neutron stars. It is now believed that all medium and heavy mass chemical elements almost 
appeared in the “thermonuclear reactors” of stars and supernovae. The Big Bang provided 
only fuel for them: a few of the lightest elements. The lion's share fell on hydrogen, which 
still (and by a large margin) remains the most abundant in the Universe. However, in small 
quantities, helium, beryllium, and lithium were formed at the same time.  

Theorists explained with good accuracy why they formed in one or another quantity. 
With one exception: current concentration of lithium in the Universe cannot be predicted. The 
isotope of lithium-7 is three times less than it turns out in theory, and lithium-6 is 300‒500 
times more. This discrepancy remains a real headache for cosmology: it is not possible to "fit" 
the Big Bang model to it, and some suitable explanations call into question the Big Bang 
itself. 

In the theory of the Big Bang of a hot Universe, the formation of nucleons begins 
approximately from time t = 10-5 s, temperature T = 1012 K and particle energy E = 0.1 GeV. 
This implies protons and neutron potentially could be in the form of neutrons, but for some 
reason they mainly consider only protons for possible thermonuclear fusion. Even if we 
calculate the density of matter at this moment [31], then it exceeds the density of a neutron 
star. That is, under these conditions the overwhelming majority of nucleons potentially could 
be in the form of neutrons since the conditions of neutronization are fulfilled. 

It is more likely to expect the possibility of collective condensation of neutrons (for 
the most part, rather than sequential addition of individual neutrons, as Gamov and co-
workers believed) upon reaching a critical temperature (which is an energetically more 
favorable process) than thermonuclear fusion from a minimum number of protons in those the 
same conditions. Fragmentary condensation of neutrons due to quantum-gravitational density 
fluctuations occurs with the release of additional energy, which enhances the formation of 
hyperheavy stable neutron nuclei, which are the source of non-relativistic dark matter 
(neutrality, femto-, pico- and nano-sizes, relic cooling to our time make it difficult detection 
with Z >> 175, N >> Z and N > 103‒105, stable dark matter ‒ SDM). The observable part of 
the Universe is formed from the residual part of protons and subsequently decayed single 
neutrons and unstable fragments of neutron matter (with Z > 175, but N < 103‒105, decaying 
dark matter ‒ DDM). 

Thus, it is necessary to take into account the possibility of the formation of fragments 
of neutron matter as dark matter (neutrality, femto-, pico- and nano-sizes, relict cooling 
complicate their detection) already at the initial moments of the birth of the Universe, which 
is the initial dominant process in primary nucleosynthesis, and not thermonuclear fusion from 
the initial negligible amount of protons. However, further, as it cools, the process proceeds 
according to the generally accepted scenario with thermonuclear fusion against the 
background of decay of an unstable component of neutron matter [32,33]. 

 
 
 



 
 
6. CONCLUSION 
 

Summing up a brief summary, it can be noted that hyperheavy nuclei and neutron 
matter in our time is a very specific physical reality, which urgently requires its rightful place 
in the PS and the study of not only physical, but also chemical, and possibly in the near future, 
and engineering properties. Neutron matter, or rather an element corresponding to it, begins 
(zero period) and ends (supercritical atoms) of the PS of elements. Neutron matter is given 
stability already at the micro-level due to additional (Tamm, Hund, Migdal) interaction, and 
not only at the macro-level due to gravitational interaction, as is now believed in astrophysics. 
The possibility of polineutronization is shown not only due to gravitational interaction, but 
also by other mechanisms (supercritical increase in the ordinal number of elements and 
condensation of UCNs), thus, there is a fundamental possibility of obtaining neutron matter 
under terrestrial conditions (at Z >> 175, N > 103‒105 and size 200‒300 and more 
femtometers). Neutron substance is a necessary link connecting (throwing a bridge) from 
micro- to macro- and mega World, from free neutron to neutron stars and Black holes. Such 
an extremely concentrated substance is thermodynamically and statistically the most stable 
state of matter as such. This substance can be thought of as a multitude of tightly packed 
neutrons, with scattered residual protons and electrons among them. 

It is necessary to take into account the possibility of the formation of fragments of 
neutron matter as dark matter (neutrality, femto-, pico- and nano-sizes, relic cooling make 
them difficult to detect) already at the initial moments of the birth of the Universe, which is 
the dominant process, and not thermonuclear fusion from an initial insignificant amount 
protons. Further, as it cools, the process proceeds according to the generally accepted 
scenario. Neutron matter consistently fits into the original concept of PZ and PS put forward 
by Dmitry Ivanovich Mendeleev, whose 150th anniversary we recently celebrated [8,9,19]. 
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