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Abstract 
Chemical elements in space can be synthesized by stellar nuclear reactors. 
Studying the dynamics of processes occurring in the stars introduces a con-
cept of the ensemble-averaged stellar reactor. For future interstellar missions, 
the terrestrial and solar abundances were compared with considerable num-
ber of stars allocated in the ~200 pc solar neighborhood. According to the 
value of the effective temperature, four stellar classes are distinguished, for 
which the correlation coefficients and standard deviation are calculated. The 
statement about the possibility of transferring heavy elements synthesized by 
stars over long distances in space has been completely refuted. There is no 
immutability of the distribution of elements on neighboring stars and in the 
Solar System. It is shown that chemical elements are mainly synthesized in-
side each stellar reactor. The theory of the buoyancy of elements is genera-
lized to stars. It has been suggested that stars overheat due to a shift in the 
parameters of nuclear processes occurring inside stars, which leads to the 
synthesis of heavy elements. 
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1. Introduction 

The problem of interstellar travels has been of interest to humanity for a long 
time. After Yuri Gagarin’s first flight into space in 1961, the illusion of rapid 
discovery of interstellar space appeared. Although the period of 60 years of as-
tronautics led to considerable achievements in space exploration by using satel-
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lites and space stations, such research practically did not go beyond the solar 
system. The size of modern rockets and the amount of fuel in them significantly 
limit the range of spacecraft fights. Important limitations of manned space re-
search are two problems: firstly, the absence of new principles and approaches in 
the development of jet propulsion and, secondly, understanding of the direction 
of further interstellar missions. 

This study focused on investigating the possibility of the life origin in the stel-
lar systems allocated in solar neighborhoods. As it is known, all biological spe-
cies on Earth have a unique DNA code (Deoxyribonucleic Acid), which deter-
mines the full diversity of biological species. The DNA includes the following 
elements: C, O, N, and P. In Section 6, the new concept of DNA-stars was en-
tered, in which spectrums of C, O, N, and P elements were recorded together. 
The possibility of synthesizing Na, Mg, S, K, Fe, Co, Cu, Zn, Ca, Mn and Mo, 
regulating the growth and development of the elementary biological forms is al-
so discussed. 

However, these elements are synthesized on different stars. For example, ac-
cording to the B2FH model [1], C and N synthesize at dying low-mass stars; O, 
Na, and K—at exploding massive stars; Mn, Fe, Co and Cu mainly synthesize at 
exploding of white dwarfs. The synthesis of different elements on different stars 
made it impossible to raise biological forms on these stars. 

At the beginning of the proceeding, in Section sec: georeactor, the criticisms 
of older B2FH model and newest K2L model, developed by [2], are carried out. In 
this study, it is shown that specified models have several defects. Except for the 
defect specified in [2], concerning to frequency of neutron stars merges, first, 
there is no invariance of element distribution in the solar system; secondary, it is 
the absence of invariance of elements on the neighbors’ stars; thirdly, it is ab-
sence enriched stars, in particular, the stars completely consisting of Th and U 
and fourthly is the absence of a significant amount of elements in interstellar 
space. 

Due to some criticism, some attention should be paid to the parity between 
criticism and creativity. As it is known, science develops in a spiral, and at cer-
tain moments, new knowledge comes into conflict with previously dominant 
concepts. At the moment of overcoming crisis usually, new hypotheses appear, 
and great discoveries and inventions are made. Therefore, it should not be sur-
prising that in science, harsh criticism often accompanies the occurrence of dis-
coveries. 

After the 2011 disaster at the Fukushima Daiichi Nuclear Power Plant, the In-
ternational Atomic Energy Agency (IAEA) initialized testing reactors, primarily 
industrial and scientific reactors. However, then this process was expanded to 
the natural reactors. In 2013, it was reported about problems in nuclear geo-
physics. As it is well-known all stars are natural nuclear reactors. This work dis-
cussed the nuclear processes in stars and the synthesis of chemical elements in 
stellar reactors. Unfortunately, the author is obliged to report that the nuclear 
astrophysics does not pass the stress-test. It is of interest to devote a few para-
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graphs to the issue of the spread of the crisis from the Fukushima accident to the 
collapse of nuclear geophysics [3] and then nuclear astrophysics. 

As it is known, last 30 years several groups carried out experiments on regis-
tration geoneutrino and reconstructed inner structure of Earth. There are dif-
ferent schemes of such experiments; among them there is also such scheme, in 
which registration geoneutrino were observed in thickness of mountain ranges. 
In recent years there were messages, that 40K and 235U it is impossible to observe 
during such experiments, see for example in Figure 1 in [4]. It turns out an 
amazing situation: for about 15 years geoneutrino teams broke hard rocks, then 
for 10 years they established the equipment and collected statistics (10-20 events 
per year), then they held conference, symposiums, published numerous articles 
in the highly rated journals, but after all the results of such prolonged and ex-
pensive experiments of inner structure definition of the Earth are completely 
unsatisfactory. The author and probably many readers are not interest in image 
losses of these geoneutrino teams as well as journals, in which articles of geo-
neutrino studies were published. But the geoneutrino teams’ reaction to criti-
cism is interesting. In many journals there is an option of retracted paper by au-
thors, or there are sections Comments or Notes, but we do not find any reaction 
on censorious remarks, published by the geoneutrino groups. 

The implausible mistake of the geoneutrino groups caused serious loss to 
geophysics and set geophysics back for several decades. Note that early in [5] 
and [6] it was shows that the 40K thermal nuclear layer, which can be called a 
“hell ’s frying pan” or a “thermal nuclear bomb”, is located at a depth of 660 km, 
on the borders of the upper and lower mantle. This 40K fuel layer is the basis of 
new volcanology and seismology theory, subduction and continental drift. High-
lights that the geoneutrino teams did not recognize themselves mistake, more 
than these losers do not nominate the author on the Nobel Prize for discovery of 
the role of 40K. 

It is possible that after reading the above paragraph, not all readers unders-
tood how to make great discoveries. The author once again demonstrates it within 
another studying case. 

In order to make a great discovery, it is necessary to consider for a moment 
and formulate a critical problem. A classic example of this kind of thinking it 
was depicted by Auguste Rodin in the sculpture “The Thinker” in composition 
of “The Gates of Hell”, Musée d’Orsay, Paris. Note that it is a very relevant 
composition, demonstrated the hell’s frying pan, discussed above. However, now 
we are starting to discuss other critical problem, namely the origin of terrestrial 
uranium. Note that the genius is not to criticize other researchers, but to find the 
right solution. 

As it is known, the solar reactor is weak, capable of synthesizing mainly light 
elements, such as hydrogen and helium. Therefore, according to B2FH and K2L 
models, the metallization of stars, including our Sun, occurs due to the transfer 
of heavy elements synthesized on powerful reactors allocated on neutron stars. 
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So, check up the transfer presentce of uranium and decay products, such as 
iodine and cesium, is of our interest. However, the author with surprise finds out 
that the transfer equation is absent in galaxy chemical models (GCE). Note that 
for 80 years of the existence of GCE models, none of the astrophysicists asked a 
question about the transfer equation. The error is visible even in the name of the 
models Galactic Chemical Evolution (GCE), so these models are not Galactic 
Chemical Transport (GCT) models. Therefore author sends a couple of hundred 
publications in highly rated journals to the trash in several seconds. 

Due to the fact that any words about evolution can not replace mathematical 
calculations, the author did not leave one chance to his opponents. Especially for 
angry opponents, the simplest textbook transfer task is given below. This task 
has no solution within the frame of up-to-date astrophysics (Table 1). 

In this work also it was shows that according to modern GCE models iodine, 
cesium, and uranium were produced, delivered, and distributed with the help of 
extraterrestrials. This phenomenon has been called the “exclusive delivery” pa-
radox because iodine, cesium, and uranium were delivered from neutron stars 
bypassing the Sun, as well as other planets such as Venus and Mars. If we say 
about “exclusive distributed”, we can suspect an alien in each pharmacist, who 
sold us a bottle of iodine, about the solar abundances please see e.g. [7]. It is 
clear that such conclusions following from the GCE models can raise a smile. 
Note that the absence of the transport equation in the Galaxy Chemical Evolu-
tion (GCE) models, such as the B2FH and K2L models, is only the tip of the ice-
berg. In this work, the author officially accuses astrophysicists of cheating. All 
the evidence for this is available. The list is more than complete: 

1) The B2FH and K2L models are failure due to “mystic” absence of a trans-
portation equation; 

2) The invariance of element distributions in the solar system, demanded at 
metallization Sun, is not recorded; 

3) The invariance of element distributions on the neighborhood stars is also 
not recorded; 

4) This is the absence of super mega-enriched stars, referred to in this study as 
a donor-star; 

5) This is the absence of a significant quantity of heavy traces in the interstel-
lar space; 

6) The absence of bands of uranium, cesium, and iodine in the solar spectrum 
led to the paradox of “exclusive delivery” of these elements to Earth by “exopla-
net aliens”; 
 
Table 1. The simple task for GCE models verifications. 

“The solar reactor is weak and can synthesize mainly hydrogen and helium. According 
to B2FH and K2L models, the thorium can be synthesized in neutron stars (NS), which 
have a strong reactor. The nearest NS is RX J1856.5-3754, which is allocated at 167 pc 
from Sun. In the solar system was recorded 1 gram of thorium. How much of thorium 
has produced the NS donor-star?” 
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7) The statement about a massive explosion of a star due to “oversaturation 
with iron and nickel” looks doubtful;  

8) The statement about zero-impulse “teleportation” of elements in dying 
low-mass stars contradicts the second law of mechanics. This statement looks 
even more incredible and fantastic than the “exclusive delivery’’ of iodine and 
uranium to Earth. 

9) The synthesis of elements from vacuum, which can be called “vacuum 
quantization”, is questionable. It is surprising that such a vacuum feature is ob-
served only near the outer boundary of the galaxy. 

10) As it is well known, black holes are allocated mainly in the center of ga-
laxies, so the direction of stellar metalization is opposite to the direction of mass 
movement towards the center of galaxies. It looks strange, see [8]. 

And the last most important question. Whether are nuclear astrophysicists 
losers or cheaters? If the nuclear astrophysicists introduce themselves as cheaters 
or gangsters, they should understand that, just as in the case of fraud in experi-
ments with geoneutrinos, fraud in stellar (thermonuclear) synthesis will sooner 
or later become public knowledge and they will have to deal not with scientists, 
but with the DOE, NSF, Treasury Department, police (FBI), government, and 
Congress. However if they interpose themselves as losers, then the question of 
the nomination and the award of author to the Nobel Prize is relevant, please see 
author’s studies [5] [6] about nuclear 40K fuel layer. This nuclear 40K fuel layer is 
the basis of the new volcanological and seismological theory, the revisions of the 
theory of subduction and continental drift, the origin of water, oils, ores and 
diamonds, the Moon-Earth viscous stream-droplet separation, the new elemen-
tal buoyant theory of inner structure of planets and stars, and finally, this 40K 
fuel layer is the milestone of basic principles of creation of habitable planets 
around stars nearby the Sun. 

After reading this publication, the reader will learn that in addition to the 
generally known s- and r-processes, other new synthesis process can occur in the 
overheated stars (h-process). The detailed analysis of the spatial distribution of 
overheated stars, in which an effective stellar temperature are more than 6500 K 
and the heavy elements are synthesized at the h-process, was carried out in [9]. 

For life origin sufficiently many elements of periodic table are necessary, so 
once again, we will underline that synthesis of various elements on different 
stars practically negate the possibility of the origin of life on remote planets. This 
study aims to find an answer to the following question: How are the chemical 
elements necessary for the origin of life synthesized on stars? 

A new method, developed in this study for searching for habitable exoplanets, 
has been applied in [10] and a list of 48 DNA-stars in the solar neighborhood, on 
which life is possible, has been defined. 

2. Materials and Methods 
2.1. Terrestrial and Solar Abundances 

The abundance of chemical elements on Earth is represented by an almost com-
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plete set of elements from the periodic table. From the entire periodic table up to 
the numbers Z < 94, only two elements, namely technetium (Tc, Z = 52) and 
promethium (Pm, Z = 61), are missing on Earth. However, many elements such 
as Se, Br, Kr, Te, I, Xe, Cs, Ta, Re, Pt, Hg, Tl, Bi, and U are not present in the so-
lar photospheric spectrum [11] [12] and [13]. This fact presents a particular 
problem in the theories of the synthesis of chemical elements. In this study, the 
abundances of carbonaceous meteorites of Ivuna type (below called CI chon-
drites meteorites) also are used for comparison with terrestrial, solar, stellar ab-
undances. The CI chondrites composition was obtained from [14] and [15]. 

2.2. Stellar Abundances in the Solar Neighborhood 

In this work for future interstellar missions, the solar neighborhood’s stellar ab-
undance was analyzed. The data is accessible on the site of Hypatia Stellar Cata-
log (below HSC) by [16]. This dataset includes stellar names, spectral type, and 
distance from Sun, position, and the elemental abundances for stars in ~200 pc 
solar neighborhood. The database is updated continuously; currently, it contains 
information about 3757 stars and about 43 chemical elements. Note that the 
number of chemical elements registered in the spectra of stars and presented in 
the HSC dataset may differ for different stars. A detailed description of these da-
ta can be found in [17] [18]. For comparison, please also see the CATSUP data-
base, which is a catalog of 951 solar neighborhood stars within 30 pc in [19]. 
Based on the HSC data, a spatial analysis of the distribution of elements in this 
part of the galaxy was carried out. 

2.3. Theories of Stellar Nucleogenesis 

In astrophysics, stellar nucleosynthesis has been studied thoroughly for an ex-
tended period. Briefly, we recall the history of stellar nucleosynthesis. In 1946, 
Hoyle suggested that elements, up to iron and nickel, could be synthesized in 
stars [20] [21]. As it is known to explain the origin of elements heavier than iron, 
the theory of the generation of chemical elements was extended, and in the 
theory, it was added the slow and rapid processes of neutron capture (s- and 
r-processes) by [1]. Below this theory was called as B2FH model or theory. 
Usually, the s- and r-processes occurred inside massive stars or during explosive 
and catastrophic events, such as merging Neutron Star (mNS) or core-collapse 
SuperNovae (ccSNe). More details about nucleosynthesis of the chemical ele-
ments during r- and s-process could be found in several studies [22]-[33] and 
many others. 

Recently [2] published a new concept about an element nucleosynthesis. In 
the Kobayashi et al. model (below K2L) it was performed the construct a new 
GCE model for all stable elements from carbon (A = 12) to uranium (A = 238) 
from first principles, i.e., by using theoretical nucleosynthesis yields and event 
rates of all chemical enrichment sources. The periodic tables showing the cur-
rently believed origins of each element for both these models were presented in 
Figure 1. 

https://doi.org/10.4236/jhepgc.2024.102040


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 653 Journal of High Energy Physics, Gravitation and Cosmology 
 

 
Figure 1. Two standard periodic tables, showing the origins of each chem-
ical element. (a) periodic tables according to B2FH model (adapted from 
Wikipedia); (b) K2L model (Artwork: Sahm Keily). The red crosswise marks 
the elements which could not be recorded in the solar photosphere spec-
trum. 

 
The elements, which could not be recorded in the solar photosphere spectrum 

in [11] [12] [13] were marked in Figure 1 by red crosswise. In this work, we will 
present below a sufficiently detailed discussion to justify the failure of the pre-
vious B2FH and K2L models. Also, below, we will justify the need to develop a 
new nucleogenesis concept, which consists of the synthesis of most elements, in-
cluding heavy ones, such as Th and U, in the bowels of the stars themselves. 

2.4. The Ensemble-Averaged Stellar Reactore 

Both models, the oldest B2FH and newest K2L, are hypothetical models. In this 
study new model was developed, but this model was based not on abstract theo-
retical concepts, but the spectral data available to the author. This model is called 
the ensemble-averaged stellar reactor model. In Section 2.4 - 2.7 description of 
this model can be found. Further, being based on this model, it was shown that 
elements are mostly synthesized in interior of the stars, and the contribution of 
interstellar transport is greatly exaggerated. 

We do not have the possibility to scan the change of an individual stellar 
reactor in the range of billions of years, therefore in our study, we were forced to 
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use the averaging over the ensemble of all HSC stars and investigate the operat-
ing characteristics of a hypothetical ensemble—averaged reactor. The novelty of 
this approach is in that the star ceases to be a static nuclear object. As it is well 
known, a nuclear reactor produces heat and chemical elements, so that the reac-
tor’s state can be evaluated by abundance and temperature. The statistical dis-
tributions of HSC stellar radius measured in the size of solar radius ( R



) and 
the effective stellar temperature were presented in Figure 2. 

2.5. The Stellar Studying Ranges 

Both distributions in Figure 2 are described with bimodal functions so that sev-
eral ranges can be distinguished, namely: 0 - 4R



 and 12 -14R


 in the stellar 
radius distribution and 4400 - 5200 and 5600 - 6500 K in the temperature dis-
tribution. The studying ranges RT1-RT4 were described in Table 2. The cor-
rectness of the choice of the studied ranges is confirmed by the uniformity in the 
statistical distributions for individual categories of stellar groups, which were 
presented in SFigure 2 and 3 (in Supplementary). The range of 5200 - 5600 K, 
where mixed processes dominate, was not considered in this work. 

2.6. The Working Cycles of Ensemble-Averaged Stellar Reactor 

The ensemble-averaged stellar reactor (EASR) is a generalized thermal nuclear 
engine that provides the generation of heat and the variety of chemical elements 
in the universe. Therefore, it is convenient to represent the dynamics of the en-
semble-averaged stellar reactor working in the stellar Radius and stellar effective 
Temperature coordinates, below RT. The dependence of the stellar radii on the 
effective temperature is shown in Figure 3. The directions of operation of such 
thermal nuclear engine are indicated in the figure by arrows. 

The distribution of HSC stars in the RT diagram combines of the linear and 
exponential distributions, drawing by red and blue lines in Figure 3, respectively. 
The empirical formulas for these distributions are defined by the expressions 
Equation (1) and (2): 

redR Tα β= +                           (1) 

e T
blueR γχ −=                            (2) 

where 2α = , 46 10β −= ×  and 512.86 10χ = × , 1 400γ = . 
In the proposed approach, the stellar mass is not the deciding parameter, so 

just for comparison, we note that at 6500 KT = , ~ 1.9R R


 and stellar masses 
were in the range: ~ 1.33 -1.38M M



. In the RT3 site, the stellar mass reached a 
maximum value ~ 1.76M M



 at 7362 K. 
The explosive processes of star expansion are indicated in the RT diagram by 

green lines. These processes occur quickly, so the number of measured values is 
not sufficient to determine the parameters of the generalized reactor in the area 
between RT3 and RT2. In the course of calculations, the site of explosive rapid 
star expansions was not used, and therefore, it does not have a special designa-
tion. Conventionally, the temperature corresponding to 7100 K is chosen as the  
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Figure 2. The statistic distributions of a stellar radius in R



 unit, 
and stellar effective temperature in K for stars within 200 pc neigh-
borhood of Solar System, according to data from Hypatia Stellar 
Catalog (HSC). 

 
Table 2. The investigation ranges in the RT charts. The T is the effective stellar temperature, 
Rs—HSC stellar radius and R



—solar radius. 

  Amount of stars 

Name Description cs. % 

RT1 4400 5200 KT< < , 2sR R>


 859 27.0 

RT2 5600 6500 KT< <  1989 62.6 

RT3 6500 KT >  136 4.3 

RT4 4400 5200 KT< < , 2sR R<


 192 6.0 

Total 3176 100 
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Figure 3. The scheme of working of the thermal nuclear engine, which is pro-
viding generation of heat and a variety of chemical elements in the Universe, it 
is designated by arrows (1-2-3). The stars from Hypatia Stellar Catalog (HSC), 
belonging to the G2V spectral class, are drawn as red points. The studying 
ranges were marked as RT1-RT4 sites. 

 
starting point of this explosive site, which in the RT diagram corresponds to 

~ 2.2R R


 and ~ 1.58M M


. Further, the stars, located between RT1 and RT2 
sites (5200 - 5600 K), for which it is not possible to separate the processes, were 
also excluded from consideration. 

Let’s result in a general characteristic of work such hypothetical the thermal 
engine. The main process of operation of the heat nuclear engine of the EASR 
reactor is RT1-RT2-RT3 process. This process is unidirectional, since it is a 
process of heating, exploding and expanding the star and its compression with 
the gradual restoration of the stellar reactor’s working state. On the other hand, 
in the RT4 linear site EASR reactor can operate in both directions, both at new 
star birthing and at low-mass star dying. Note that synthesis of chemical ele-
ments is also possible during dying low-mass stars at the R < 0. Suppose at ex-
plosion a star loses a significant amount of its substance. In that case, the EASR 
reactor may not be able to restore its operation, and the state of the star will slowly 
change along the RT1-RT2-RT4 path or jump on RT4 path for low-mass star 
fragments and/or for large gaseous planets such as Jupiter. 

2.7. Rates of Element Synthesis 

In this study, element synthesis (degradation) rates were obtained as bias at the 
linear regression in functional dependence between element abundances and ef-
fective stellar temperature (below AT diagram). In the HSC catalog, the quantity 
of chemical elements is defined as the deviation from the distribution in the Sun, 
normalized according to data of [15] and referred to the H content. Therefore 
the stellar abundances are measured in relative units [element/H] looks like: 
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( )( ) ( )( )element H element Hlog star log solarn n n n−  

and the unit of element synthesis rate is K−1. The resulting tables will show the 
correlation coefficient (R) and standard deviation (SD) in AT diagrams. Only 
statistically significant values with 0.12R >  and amount stars N more than 10, 
(N > 10) will be included in the resulting tables. 

2.8. Biochemical Criteria for Searching for Signs of Life on Remote 
Stars 

Recently, much attention has been paid to exoplanets’ study and the possibility 
of contacts with other extraterrestrial civilizations. At the moment, the criterion 
of the temperature comfort for biological species, based on the analysis of the 
exoplanet distance from a star, is often applied to search for extraterrestrial civi-
lizations. This study proposes another way to search, based on the chemical ab-
undance studied above. 

As it is known, all biological species on Earth have a unique DNA code 
(Deoxyribonucleic Acid), which determines the full diversity of biological 
species. The DNA is set of four nucleotide ACGT: A—(adenine, C5H5N5), 
C—(cytosine, C4H5N3O), G—(guanine, C5H5N5O) and T—(thymine, C5H6N2O2). 
In RNA thymine nucleotide is replaced by U—(uracil, C4H4N2O2). The DNA 
has two helixes, which covalently linked to a phosphodiester backbone PO− 

4  
(H3PO4). 

Thus, a star system must occur, except hydrogen, which is present in all stars, 
other essential elements, such as C, N, O, and P. The stars, in which spectrum it 
was presented together C, N, O, and P elements, below will be called DNA-stars. 
Note that the term DNA-star was introduced years ago to label a viral test, so 
please could not be confused with DNA-star, used in this study. 

Biological species such as bacteria, algae, and plants can use light from the star 
to obtain energy, but they also need a growth medium and some microelements. 
The bulk growth medium, using for cyanobacteria growing, is next: NaNO3 (1.5), 
K2HPO4 × 3H2O (0.051), MgSO4 × 7H2O (0.075), CaCl2 × 2H2O (0.036), Na2CO3 
(0.02), FeCl3 × 6H2O (0.003), in grams per 1 liter [34]. The several microele-
ments involved in biological process of regulation also must be added: H3BO3 
(2.86), MnCl2 × 4H2O (1.81), Co(NO3)2 × 6H2O (0.0444), CuSO4 × 5H2O (0.079), 
ZnSO4 × 7H2O (0.222), Na2MoO4 × 2H2O (0.39), also in milligrams per 1 liter. 
Thus, except C, N, O, and P, in stellar spectrum, such elements as Na, Mg, S, K, 
Fe, Co, Cu, Zn, Ca, Mn, and Mo are desirable. 

Biochemical criteria for searching for life on remote stellar system are pres-
ence in stellar spectrum the chemical elements necessary for the origin of life. 

3. Terrestrial and Solar Abundances 
3.1. The Terrestrial Fe-Ni Core 

In this section, we will pay some attention to the following question: Why is it 
believed that our planet’s core consists of Fe and Ni? As it is known, chemical 
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elements can be synthesized in natural or artificial reactors. Before creating the 
first artificial reactors, all the chemical elements were synthesized either on the 
Sun or other remote stars in the Milky Way Galaxy which are also natural reactors. 

Because the maximum of nuclear binding energy occurs near 56Fe, stars can-
not get energy by nuclear fusion and stellar nucleosynthesis come to a stop on 
56Fe. The dependents average binding energy per nucleon versus the atomic 
number is presented in Figure 4(a), i.e. (B/A vs. Z), where B is binding energy, 
A is the number of nucleons (mass number), and Z—the atomic number. 

In Figure 4(a), experimental data are presented as dots. As it is well known, 
the experimental curve contains fusion exothermic (before 56Fe) and fusion en-
dothermic (beyond 56Fe) parts. Note that these data were obtained in laboratory 
conditions, i.e., during experiments on accelerators, cyclotrons, or reactors. 

On the other hand, as it is well known, that in theory the simulated curve of 
binding energy B(A, Z) is given by using the following formula [35]: 

( ) ( ) ( )2
2 3 1 3 3 42

, 1 asym
s c p

A Z
B A Z A A Z Z A A

Aν

α
α α α δα− −−

= + + − − − +   (3) 

where Z is number of protons; N—number of neutrons; A is the mass number. 
This Equation has 5 terms corresponding to volume, surface, Coulomb, asym-
metric and pairing terms. The constants of these terms are fitting parameters 
that are found experimentally to be equal to next: 15.5nα =  MeV, ~ 18sα  
MeV, 0.691cα =  MeV, 23asymα =  MeV. 

The details about Liquid Drop Model (LDM), discussion about other binding 
models, and references could be found e.g., in [36] [37]. Note that the asymme-
try term is thus a correction term that tries to consider the asymmetry in 
amount of protons and neutrons. 

The curves presented in Figure 4(a) are related to result obtained in a vacuum 
on accelerators or in scientific reactors. However, if the conditions on some stars 
are such that the binding energy curve per nucleon is propagated along the dis-
continuous gray line (~8.8 MeV) in Figure 4(a), then all the periodic table ele-
ments were synthesized. Moreover, if the curve is above this line, there would be 
a constant synthesis of Th and U atoms, and the star will be extra saturated by 
nuclear fuels. 

Thus, it is possible to assume that, under loads, the accumulation of transu-
ranic elements can occur, leading to the heating of the stars and then, at the 
reached threshold values of uranium, the star can undergo explosion and de-
struction 

Hence, exactly asymmetry term, which considers the difference in the number 
of neutrons and protons in the element, causes that synthesis of elements will 
stop at Fe. Therefore asymmetry is responsible for the fact that the core of a reg-
ular star, which has not undergone explosive transformations, is iron-nickel core. 
However, at present, in astrophysics, it is assumed that only the pre-collapsed, 
massive star with mass 10M M>



, where M


 is the mass of Sun, has an 
iron-nickel core. 
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Figure 4. (a) The nuclear binding energy per nucleon for stable nuclei in terms of mass 
number was presented by points (B/A vs Z). The experimental values were presented by 
points. The comparison between the result of the LDM model, in which it was taking into 
account the different model terms (color lines) and the experimental values were shown; (b) 
The standard astrophysical “onion” model for pre-collapsed massive star ( 10M M>



). Ab-
undances for such stars are next: 1—upper hydrogen; 2—hydrogen and helium fusion; 
3—helium fusion; 4—carbon, oxygen fusion; 5—magnesium, neon, oxygen fusion; 6— 
silicon, sulfur fusion; 7—nickel and iron core. 

 
Heavy elements in this star will be moving down into the inner layers, sepa-

rated and concentrated at several layers. An “onion’’ model for pre-collapsed 
massive star ( 10M M>



) is presented in Figure 4(b). The elements much 
heavier than Fe, such as Th and U are not produced in the standard stellar nuc-
leosynthesis, see e.g. review [38]. About accretion of the Earth and segregation of 
its core please see review [39]. 

Despite the fact that the Sun is not a massive star and iron synthesis is im-
possible on the Sun, there is a steady opinion that the core of our Earth, and the 
core of the planets in the solar system, consist of Fe and Ni. Thus, the contradic-
tion was formed between astrophysics, nuclear physics, and geophysics. On the 
one hand, geophysicists, following astrophysicists, began to assert that the core 
of the planet consists of Fe and Ni. On the other hand, geophysicists state the 
presence of not only iron in the Earth’s ores but the presence of almost the entire 
periodic table. However, if the core of the Earth consists of Fe-Ni, then in the 
depths of the planet there is no room for the rest of the elements, and actually, at 
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present, there is no realistic theory of ore formation. It looks very curious. 
It summarizes this section. First, it is essential to note that the binging model 

(Equation (3)) and experimental values, presented in Figure 4(a), apply to the 
individual atomic nucleus, that is, for a case when a star or planet can be 
represented as an ideal gas or rarefied plasma. Thus, basically the binding theory 
does not applicable to the nonequilibrium plasma of which mostly stars and 
planets are consisting. Secondary, earlier in geophysics, a hasty assumption was 
made that the core of our Earth and the rest of the planets in the solar system, 
consist of Fe and Ni. However, where elements heavier than Fe and Ni were 
synthesized, and how did they get to our planet, the question requires further 
clarification. 

3.2. Terrestrial Georeactor and Geoneutrinos 

This section considered the following question: Could elements heavier than Fe 
have been synthesized in the Earth’s interior? Thus, it is a question about the ex-
istence of the terrestrial Th-U reactor. The idea about an existence of georeactor 
was discussed after [40]. Later the presence of Th and U heat layers in the planet 
center, natural nuclear georeactor, and thermal convection in the outer core 
were widely discussed in the serial studies by Herndon and colleagues [41]-[46]. 
According to Herndon et al. studies, the terrestrial reactor was represented by a 
12 km layer at the center of the Earth [46]. 

Also, the natural nuclear georeactor was investigated in several studies by dif-
ferent research groups [5] [6] [47]-[58]. According to these published studies, a 
natural georeactor probably exists at the different deep-earth locations, includ-
ing the center of the core [44] [45] [59] [60]; on the inner core boundary [54] 
[55]; on the core-mantle boundary [56] [61] and on the multi-layers levels [5] 
[6]. 

It is well known the electrons’ antineutrinos that would be emitted from such 
hypothetical georeactor have energies above the end-point of geoneutrinos from 
“standard” natural radioactive decays. The main reaction of geoneutrino (anti-
neutrino, eν ) registration from natural sources is the inverse beta decay reac-
tion: 

e p e n 1.806 MeVQν ++ → + =                  (4) 

Using the registration of geoneutrinos, it is possible to determine a part of the 
terrestrial heat flux from the radioactive elements 232Th and 238U. It will permit to 
obtain the vertical distribution of these radioactive elements inside of the Earth 
and, accordingly, to answer the question about presence and power of a natural 
nuclear reactor in the center of the Earth. 

Details of two liquid-scintillator neutrino experiments, such as KamLAND in 
Japan and Borexino in Italy, in which the geoneutrino signals were measured, 
could be found in [4] [54] [62]-[73] and in many other publications. 

A hot debate broke out between the proponents of terrestrial georeactor exis-
tence and the opponents, represented mainly by the geoneutrino research groups. 
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However, a significant question is about the possibility of recording neutrinos 
emitted by 40K and 235U elements. It was established that 40K and 235U fuel layers 
could not be determined using the inverse beta decay reactions. The lower thre-
shold of inverse beta decay reaction is equal to 1.806 MeV, while the upper 
boundaries of 40K and 235U geoneutrino spectra are below this value. Thus, the 
40K yield is equal to 1.311 MeV, see Equation (5): 

40 40
eK Ca e 1.311 MeVQν−→ + + =                  (5) 

The possibility of registration only fuel elements 232Th and 238U casts doubt 
on the advisability of carrying out long and expensive experiments such as the 
KamLAND and Borexino Experiments. To summarize the above, it is necessary 
to state that the attempt to restore Earth’s structure by using geoneutrino expe-
riments ended unsuccessfully before the beginning of these experiments. 

3.3. Problems of Terrestrial and Solar Nucleosynthesis 

If elements such as Fe, Th, and U elements could not have been synthesized on 
the Earth and Sun, then the next question arises: Could heavy elements have 
been transferred from neighboring stars? To answer these questions, we should 
refer to the history of stellar nucleosynthesis research. 

As it is known, to explain the origin of elements heavier than iron, the nuc-
leosynthesis theory was expanded and supplemented by the processes of slow 
neutron capture (s-process) and rapid neutron capture (r-process). Examples of 
s process and element transformations 56 63Fe N→  are presented in Equation 
(6): 

56 57 58 59

59 60

60 61 63 63

Fe n Fe n Fe n Fe
Co n Co
Ni n Ni n Ni n Ni

β

β

β

+ → + → + → →

+ → →

+ → + → + → → 

            (6) 

  
The alternative reactions with involving of the 60Fe, 61Co, 64Ni and corres-

ponded s-process neutron capture equations are not represented in Equation 6. 
Due to the s-process, it is possible to explain formation of all elements up to Z 

= 83. Nuclei with Z, greater than 84, do not have stable isotopes and are radioac-
tive. Therefore, the isotope 232Th is formed from the 232Pb nucleus as a result of 
eight consecutive β decays. The initial 232Pb nucleus formed in the r-process and 
it has 24 neutrons more than the stable 208Pb isotope. Note that while the s-process 
is way of making elements heavier than iron, but a several of lighter isotopes, 
such as 40K, is also made by the s-process in the massive stars. 

In [74], it was suggested that our solar system was formed by the explosions of 
one or more supernovae. The Sun converted from a young regular star to a 
heavy element-rich star. According to B2FH model, these elements could be 
synthesis only during neutron stars merging (mNS). However, the nearest single 
neutron stars are RX J1856.5-3754 and Geminga, allocated 167 and 250 pc from 
Sun [75]. The Th-U transfer is schematically represented in Figure 5. 
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Figure 5. (a) The scheme illustrates a problem of the Th-U nucleosynthesis 
from the Th-U enriched star, nearest to the Earth. The nearest single neu-
tron star is allocated at the distance of 167 pc from our solar system. 
Clouds I and II demonstrated reducing concentrations at the propagation 
in space; (b) property of invariance of isotopes for a group of neighbor-
hood stars is shown on a plate. 

 
However, the possibility of interstellar of a considerable quantity of heavy 

elements over long distances, and as well as the frequency of Neutron Stars 
merging (mNS) or core-collapse SuperNovae (ccSNe), raise some doubts in 
transferring interpretation. Also note that, in this scenario. the relative satura-
tion of mNS products, in particular the Th/U ratio, should be the same in the 
entire solar system. Moreover, at long-range transferring, in addition to the spa-
tial homogeneity of isotopes and elements within the solar system, same isotopic 
invariance must be observed for a group of nearby stars, see Figure 5(b). 

Thus, after we run away from the problem of the synthesis of heavy elements 
in the solar system, we are faced with other problems, namely the problem of 
transferring of heavy elements in the galaxy at large distances and the problem 
of a lack of spatial homogeneity of the element distribution of in the solar system 
and on the stars in the solar neighborhood. 

3.4. Solar Reactor and Solar Abundances 

In this section, we will focus on the following question: How to solve the prob-
lem of the transfer of elements between stars? The absence of clusters of stars 
with comparable chemical compositions reduces to a minimum probability of 
transfer from the ccSNe stars or mNS. Therefore, it is necessary to develop a new 
concept of heavy element synthesis. This concept should be based on the genera-
tion of heavy chemical elements in the interior of the star. Therefore, refusing 
the paradigm of the element transfer, we should argue that the solar reactor pro-
vides the synthesis of all elements represented in the Sun. 

The dependences between atomic numbers and logarithmic abundances in the 
solar photosphere were presented in Figure 6(a) for odd and even nuclei. The 
solar abundances, demonstrated in this Figure, were obtained from [11] [12] 
[13]. The solar abundances were normalized to log 12HN = . Note that, several 
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Figure 6. (a) The logarithmic solar abundances of elements in the solar photosphere are 
shown. In grey plate the theory of buoyancy schematically is shown: the light elements 
flow up and heavy elements sink down. (b) The delta of CI carbonaceous chondrites 
logarithmic abundance [15] and solar photosphere abundance [11] [12] [13] was presented. 
The indirect photospheric estimates have been used for the noble gases: Ar, Kr, Xe 
(magenta color). Abundances chlorine Cl, indium In, thallium Tl, obtained from sunspot 
spectrums, were presented as blue points. All values were calibrated to log 12HN = . The 
red arrows demonstrated convection processes determined by helioseismological methods 
( br , sY ). The delta between interstellar gas abundances (ζ-Oph) and CI meteorites was 
presented by orange triangles [76]. 

 
elements such as Se, Br, Kr, Te, I, Xe, Cs, Ta, Re, Pt, Hg, Tl, Bi, and U are absent 
from the photospheric solar spectrum. 

In the helioseismology were recorded two parameters: the base of the convec-
tion zone (rb) and the helium abundance in the solar convection zone (Ys), see 
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e.g. [77]. The values of these helioseismological parameters may differ with dif-
ferent study methods; please see Table 3 in [77]. The red arrows in Figure 6 
demonstrated convection processes, which were determined by helioseismologi-
cal methods. Based on references data from [77] it was found that the median 
values of rb and Ys which are equal to 0.717 and 0.241, correspondingly. 

The reduction of heavy elements’ abundances at the increasing atomic num-
ber is represented in both the terrestrial and solar distributions. Also, in Sun, just 
as in Earth, the heavy elements sink downward, and their presence in the pho-
tospheric spectrum is masked by thermoclines. However, unlike the structure of 
the Earth’s layers, the presents of 40K fuel and Cs decay layers was not clearly 
recorded in the solar structure. At the same time the thermocline, corresponding 
to Cs layer, is noticeable in the solar structure, presented in Figure 6(a). 

It is well known that another essential source of information of solar abun-
dance is chondrites, which are meteorites that have never been heated to melting 
temperatures. In this study, we used carbonaceous meteorites of Ivuna type, be-
low called as CI chondrites meteorites. The CI chondrites composition data was 
obtained from [14] or [15]. For Kr and Xe, the solar abundances can be esti-
mated by interpolating the theoretical s-process production rates [13] [14]. 

Usually, in the studies, the coincidence of solar and CI abundances were ana-
lyzed, but we are interested in the Melted-Non-Melted filter, which is characte-
rized by the difference between these values. The difference of logarithmic CI 
carbonaceous chondrites abundance by [15] and solar photosphere abundance 
by [11] [12] [13] was presented in Figure 6(b). The indirect photospheric esti-
mates have been used for the noble gases: Ar, Kr, Xe (magenta color in Figure 
6(b)). The keys fuel products, such as 40K, 90Sr, 137Cs, and 232Th were marked by 
blue color. Note that abundances of chlorine (Cl, z = 17), indium (In, z = 49), 
thallium (Tl, z = 81) were obtained from sunspot spectrums [11] [12] [13] [14]. 
As we can see in Figure 6(b), the typical nuclear fuel and Th-U decay-product 
layers are presented in the solar spectrum 

Thus, it is possible to assert with some certainty that the decay products and 
the nuclear fuel elements form the system of discontinuities due to a change in 
the state of upper and lower layers. These K-Sr-Cs-Pb-Th-U discontinuities are 
recorded in seismograms. Also, it is remarked that in the solar spectrum, the Sr 
discontinuity is noticeable, but chemical elements such as I, Cs and U are absent, 
which indirectly indicates that, at present the Th burning with the U isotopes 
formation does not occur, so our star is in equilibrium, steady condition. 

If stars explode, it is undoubtedly interesting to find out what heavy elements 
are present in interstellar space. The delta between interstellar gas abundances, 
forward to ζ-Oph and CI meteorites, was presented in Figure 6(b) by orange 
triangles [76]. Thus, the abundances of interstellar gas confirm that elements al-
located near Sr, Cs, and Pb convective thermoclines, which are products of Th-U 
chain processes, are involved in emission into interstellar space. For convenience, 
the interstellar gas abundances data is written in STable 1 in Supplementary. 
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Below, we briefly recall why the gaps appear near Sr and Cs in the distribution 
of chemical elements during reactor operation. The heavy isotopes involved in 
the fractional chain neutron fission yields and the synthesis of elements are as 
follows: 232Th, 233U, 235U, 238U, 239Pu, and some other. 

As an example, the mass yield curves for the thermal, fast and high neutron 
fission of 232Th and 235U were presented in SFigure 3 (in Supplementary). These 
plots are obtained from JEFF-3.1 data (Joint Evaluated Fission and Fusion File), 
which are available on server [78] and in [79]. 

Note that distribution of chain fission products has two maxima in ~90 and 
140. Like this the first maximum gives more than 5.5% in the yield of 235Uthermal 
path for the next isotopes: 90

38Sr  (5.73%), 95
40 Zr  (6.50%), 95

41 Nb  (6.50%), 99
42 Mo  

(6.13%) and 99
43 Tc  (6.13%). Further the second maximum in yield gets isotopes: 

133
53 I  (6.59%), 135

53 I  (6.39%), 133
54 Xe  (6.60%), 135

54 Xe  (6.61%), 137
55 Cs  (6.22%), 

140
56 Ba  (6.31%), 140

57 La  (6.32%) and 141
58 Ce  (5.86%). Also note that similar peaks 

of I, Xe and Cs fractional chain fission yields are obtained of 233U, 236Pu and 241Pu 
decays. 

Also remind that, the thermal emissions of 232Th, 235U, 238U are equal to 9.46 × 
10−5, 5.69 × 10−5, 2.64 × 10−5 W/kg, respectively. The half-lives of 232Th, 235U, 238U 
are equal to 14.01, 0.704, 4.468 Ga, respectively. The thermal emissions of the 
fuel element 40K are equal to 2.92 × 10−5 W/kg and this fuel element has a 
half-life period of 1.25 Ga years. 

Summarize all the above. 
The synthesis of different elements on different stars made it impossible to 

create biological forms on remote stars. Therefore, first of all, it was necessary to 
show that the B2FH and K2L models of the synthesis of chemical elements incor-
rectly describe the processes occurring on stars. Thus there are four major lacks 
in the B2FH and K2L theories: 
• The invariance of element distributions in the solar system is not recorded; 
• The invariance of element distributions on the neighborhood stars also is not 

recorded; 
• It is the absence of super mega-enriched stars, called in this study as a do-

nor-stars; 
• It is absent significant quantity of heavy traces in the interstellar space. 

The difference in representation of the enriched process between this study 
and B2FH and K2L models was presented below in Table 5. Further, having fi-
nished with the point-by-point comparison of terrestrial, solar, and stellar reac-
tors, we proceed to investigate the ensemble-averaged stellar reactors and stellar 
abundances. 

4. Periodic Tables for RT1-RT4 Stellar Groups 

By examining the stellar reactors of stars in different stages of development, we 
can observe the dynamics of stellar reactors’ operation. As a result, a reactor’s 
work is characterized by temperature changes, and a synthesis of elements. It is 
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of interest to determine the correlation coefficients between element abundances 
and effective stellar temperature. 

The total amount of recorded processes, both synthesis and degradation, are 
presented in Table 3 for RT1-RT4 stellar groups. Only statistically significant 
values with 0.12R >  and amount stars more than 10 (N > 10) are included in 
the table. The amount of studying cases, in which it was recorded in the stellar 
spectrums the element in the ionization state, is marked in additional in the 
brackets. As it can be seen from Table 3, the number of statistically significant 
synthesis cases (R > 0.12) increases in RT1-RT2-RT3 cycle, and it reaches 28 pcs 
for RT3 stellar group. 

Due to limited place in the paper, all linear regressions are collected in Tables 
in Supplementary (STable 2-STable 5). By analogy with Figure 1, our results of 
linear regressions also were presented in the form of a periodic table in Figure 7. 
The margin color in Figure 7 indicates element which has R > 0.12 in specified 
RT group in the linear regression between the abundance of effective stellar 
temperature. Blue color indicates an element, which has the statistical significant 
negative slope R < −0.12. Green color corresponds to an element, which has sta-
tistically none significant value or which is not present in selected RT stellar 
group. White color marks a chemical element which is not present in the Hypa-
tia Stellar Catalog (HSC) and the label ElementII indicates the ionized state in the 
stellar spectrum (Table 4). 

Due to stars being far away, so the absorption in the spectral lines are compa-
rable to the noise, which prevents accurate recorded element abundances in the 
stellar spectrums. Therefore, only for several elements, which are colored in the 
margin or blue in Figure 7, it is possible to determine the statistically significant 
rate, but it is not mean that nucleosynthesis of other elements does not occur on 
these RT1-RT4 stars. 

5. Nucleogenesis of Biospheric Elements 

This section is devoted to an analysis of the abundances of DNA elements in 
stellar spectrums. The dynamics of the star’s development depend neither on the 
statistical significance of the calculations nor on the accuracy of the spectral 
measurements carried out by researchers on Earth. Therefore, at the research of 
dynamics of element syntheses in RT stellar groups, we may present all the re-
sults regardless of their statistical significance. Remind that statistically signifi-
cant results have been shown above in STable 2-STable 5 and Figure 7. 

First, the proton-proton (pp) chain and the carbon-nitrogen-oxygen (CNO) 
cycle will be considered. The last update to the standard solar model and a dis-
cussion on CNO cycle can be found in [80]. There is a question: Will we see this 
cycle in our linear regresses? The linear regressions for C, N, and O are pre-
sented in Figure 8(c), Figure 8(d), and Figure 8(a). Some reactions involved in 
the CNO cycle, more precisely in the CNO-sub-cycle II, are described by Equa-
tion (7): 
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Table 3. Different approaches to investigation of stellar nucleogenesys. 

Stellar Enriched Process is: 

Nuclear Fusion (self-enriched process) this study 

Nuclear Fusion (in donor-star) + Interstellar Transfera  
from donor star to acceptor star 

B2FH and K2L 

aRemind that the transfer equation in the GCE models is mistical lacking. 

 
Table 4. The amount of synthesis and degradation processes of chemical elements which 
were recorded in this study. R is the correlation factor on RT diagram between abundance 
and effective stellar temperature. The Table includes only statistically significant values 
with 0.12R >  and amount stars, N > 10. The amount of studying cases, in which it was 

recorded in the stellar spectrums the element in the ionization state, is marked in 
brackets. 

Name 
Amount of elements 

Total amount Synthesis 
R > 0 

Degradation 
R < 0 

RT1 9 (3) 28 (9) 37 
RT2 14 (1) 7 (2) 21 
RT3 28 (6) 6 (3) 34 
RT4a 3 (0) 13 (6) 16 

aRT4 site the generalized star nuclear reactor can work in both directions, both at the ori-
gin of new stars and at dying low-mass stars. Therefore element synthesis is also possible 
at dying low-mass stars, i.e. at the R < 0. 

 

( )
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+

+ → + +

→ + + +

+ → + +

+ → + +

→ + + +

+ → + +

                 (7) 

Note that the CNO cycle involves fluorine (F, Z = 9), which is not represented 
in Figure 8 due to lack of space. Like phosphorus, the fluorine spectral line was 
registered only in the RT2 stellar group. However, only 35 points for fluorine 
were recorded, i.e., fluorine yield in CNO cycle was equal to 1.76%. The small 
number of points for F can be explained by the high decay rates of fluorine iso-
topes. At β +  decay lifetime for 17

9 F  isotope is 64.49 sec and for 17
8 F  iso-

tope—109.77 sec. 
According to B2FH and K2L models, several elements, including C and N, are 

synthesized at dying low-mass stars. These elements are colored in Figure 1(a) 
and Figure 1(b) in green. Unlike ccSNe or mNS exploding, at a dying low-mass 
star, the initial impulse is small or zero, and without impulse, the dispersion 
cloud can not be a star to travel from one star to another. The statement that 
stellar spectrums are enriched with elements synthesized at dying low-mass stars  
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Figure 7. The periodic tables of stellar abundances for RT1-RT4 stellar group are pre-
sented. Margin color indicates an element that is synthesized in the specified RT group, 
i.e. indicate element that has the statistically significant positive slope in the linear regres-
sion abundance of effective stellar temperature. Blue color indicates an element which has 
a statistical significant negative slope. Green color corresponds to an element with a sta-
tistical none significant value or has not been present in the selected RT group. White 
color marks a chemical element which does not present in the Hypatia Stellar Catalog 
(HSC). In Figures, the label “II” after element name is presented the abundance of ionized 
state of an element. 
 

 
Figure 8. The linear regressions for C, N, O, and P abundances for RT1-RT4 stellar 
groups were presented in Figure (c), (a), (d), and (b), correspondingly. 
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looks even more incredible and fantasy than the exclusive delivery of uranium to 
Earth, presented in Figure 5. 

According to GCE models, such as B2FH and K2L, the star enrichment hap-
pened due to matter transfer from donor-star to acceptor-star. However, consi-
derable impulse is required to transfer the matter to interstellar distances. Since 
there is burning out of nuclear fuels with the gradual cooling of the stellar nuc-
lear reactor at dying low-mass stars, the transfer of impulse from dying low- 
mass star to the impurity cloud seems doubtful. 

At zero impulse, respectively, the transfer to zero distance will occur. Thus, 
according to B2FH and K2L theories, at dying the low-mass stars enriched them-
selves. In the frame of these theories, with an exception for binary stars, it looks 
paradoxical. I would like to emphasize that this contradiction exists only within 
the framework of B2FH and K2L theories. According to this conception, one star 
enriches another star; sometimes the last one allocates at hundreds pc away from 
ones. Note that this study suggested another concept, according to which the 
star itself synthesizes all the elements (self-enriched process), passing through 
different stages of its development. 

According to the results of this study, nitrogen is synthesized in a “hot” stellar 
group in the RT3 stage in Figure 8(a). However, carbon and oxygen are synthe-
sized in the same way, probable in the nebula near the star; see RT4 paths in 
Figure 8(c) and Figure 8(d). Oxygen, nitrogen, and carbon are light elements, 
and when superheated stars explode, oxygen and carbon are easily dispersed to 
form large CO2 clusters, comets, or even planets; at the same time, nitrogen 
forms rivers and oceans of liquid nitrogen on the surface of planets. 

Next, we will consider the elements necessary for the growth of the simplest 
phototrophs, such as cyanobacteria. The linear regression for Na, Mg, S, K and 
Fe, Co, Cu, Zn abundances were presented in Figure 9 and Figure 10, corres-
pondently. The following behaviors characterized these elements: for the RT1 
stellar group the correlation coefficient is negative; for RT2 stars, it is a neutral 
or slightly negative, and for RT3 stars, it was recorded a positive correlation 
which may be associated with the synthesis of chemical elements in overheated 
stars. 

Note the following: nearby elements have similar patterns of stellar reactor 
operation; for example, this is true for Na-Mg or other Fe-Co pairs; please com-
pare Figure 9(a) with Figure 9(b) and Figure 10(a) with Figure 10(b). Howev-
er, sometimes for nearby elements, the ensemble-average stellar behaviors are 
different, i.e., for the Co-Cu pair, the stellar reactor workings are markedly noti-
ceably at the RT2 stage; see the arrows in Figure 10(b) and Figure 10(c). 

Unlike mentioned above Na, Mg, S, Fe, Co, Cu, and Zn elements, potassium 
behavior is different. In the spectrums of the RT4 stellar group, the presence of 
potassium was practically not revealed. In addition, for big, cold stars from the 
RT1 stellar group, an increase in the K abundance is observed, and it is not sur-
prising since it is known that potassium has a fuel isotope of 40K. 
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Figure 9. The linear regressions for Na, Mg, S, and K abundances for RT1-RT4 stellar groups were 
presented in Figures (a), (b), (c), and (d). 

 

 
Figure 10. The linear regressions for Fe, Co, Cu, and Zn abundances for RT1-RT4 stellar groups were 
presented in Figures (a), (b), (c), and (d). 
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We especially note that the theoretical Fe-Ni threshold of exothermic-endo- 
thermic fusion reactions (Equation (3) and Figure 4(a)) is not detected in the 
stellar abundances. As follows from Figure 9 and Figure 10, it can be argued 
that the operating cycle of the ensemble-average stellar reactor is well-established 
for reference elements. 

Sometimes in the stellar spectra, along with the ground state, ionized excited 
lines are observed. The behavior of the ground and the excited state can be ex-
plained by the Non-LTE effects of Ca I or Ca II lines [81]. An example of the 
difference is presented in Figure 11(a) and Figure 11(b) for calcium (Ca, z = 
20). In this case, the average value of Ca abundance is weakly dependent on ef-
fective temperature, but the behavior of Ca II abundance is similar to the ones of 
Na, Mg, Al, Fe, Co, Cu, and Zn, presented above. 

The manganese (Mn, z = 25) and molybdenum (Mo, z = 42) are the last ele-
ments that we have classified as elements necessary for the simplest phototroph-
ic organisms’ growth. The linear regression of Mn and Mo were shown in Figure 
11(c) and Figure 11(d). 

Note the general trend: moving ahead along the periodic table, the number of 
stars in the spectrum of which these elements were registered decreases rather 
quickly, even in comparison to the elements located in the same row of the pe-
riodic table. Molybdenum is not synthesized in the entire RT3 range, but only in 
the temperature range of 5500 - 6000 K, that is, closer to the G2V spectral group. 
Moreover, Mo abundance was not detected in the RT3 stellar group, and in the 
RT4 group, it was detected only in three stars Figure 11(d). Unlike phosphorus, 
molybdenum belongs to the regulatory elements, so at the moment, it remains 
unclear how critical is the absence of this element in the stellar spectrum, but 
note that in terrestrial conditions, molybdenum is necessary for the growth of 
bacteria. 

It is summarized the results of Section 5. In this section, we analyzed the work 
of the ensemble-averaged stellar reactor. We showed that this reactor works si-
milarly for all the stars presented in the catalog and provides the synthesis of 
stellar abundances. Due to stratification and sink of heavy elements, the spectra 
of heavier elements are less pronounced in stellar spectrums. The effective tem-
perature of the stars is a kind of indicator of the power of the reactor operation. 
Therefore, the main synthesis of elements occurs in the RT2 and RT3 stellar 
groups, on which the temperature of the stars is higher. 

The statistical values of C, N, O, and P, are summarized in Table 5. It turned 
out that phosphorus was found only in the 86 cases of the 3757 HSC stars. That 
is only 2.3% of stars contain phosphorus. Also, phosphorus has only been de-
tected in stars of the RT2 stellar group (Figure 8(b)). Therefore phosphorus is 
the main limiting element. In HSC catalog, there is no distinction between ND 
(Not Detected) and NS (Not Studying). Of course, it is impossible to draw an 
unambiguous conclusion from a negative signal; in other words, phosphorus can 
be determined on some stars during further experiments. 
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Figure 11. The linear regressions for neutral (ground) and ionized states for Ca (a, b), and for Mn (c), 
and Mo (d) for RT1-RT4 stellar groups are presented. 

 
Table 5. The amount of HCS stars, in which spectrum was specified by the chemical ele-
ments that are demanded for DNA creation. 

Elements 
Amount of stars 

pcs. % 

C 3217 85.6 

O 3107 82.7 

N 1044 27.8 

P 86 2.3 

C, N, O and P (DNA-stars) 48 1.3 

C, N, O and P (class G2V) 3 0.08 

similar to Earth abundances 9 0.24 

Total amount of stars 3757 100 

6. Discussion and Some Remarks 

1) From the comparison of the B2FH and K2L models with terrestrial element 
abundance, it follows that the existence of a set of elements, which was found on 
Earth, can not be provided by a single source. To provide a full abundance of 
chemical elements in the solar spectrum, different types of stars located around 
our Sun had to blow up together, which is a very low-probability event. 
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2) In the B2FH model, the frequency of neutron star collisions raised doubts, 
so new K2L model was included in our consideration. According to the K2L 
model, the neutron star collisions do not create the quantity of chemical ele-
ments that than were previously assumed. In addition to the common lack of 
these models, related to the element transfer in space, each model has individual 
defects. This K2L model can not explain the amount of such elements as Cl, K, Sc, 
As and Au and creating new astronomical mystery. In summary, we can con-
clude: the new K2L mode did not solve the previous B2FH model’s problems. 

3) During propagation in interstellar space, the concentration of element ab-
undances will rapidly decrease with the donor star’s distance. At uniform spher-
ical 3D expansion, the decrease will occur as ~1/r2, and at cylindrical 2D expan-
sion the concentration will decrease as ~1/r. Thus, for receiving one gram of Th 
and U on Earth, it is required that the donor star has a colossal value of transu-
ranic elements, i.e., this case the donor-star must entirely consist of thorium or 
uranium. But such stars have not been found in our galaxy. 

4) On nearby stars, the invariance of abundances of individual elements, or 
invariance of the ratio of the abundances of related elements are not recorded. 
Therefore, it can be argued that in stellar spectrums there are no traces of 
plumes from ccSNe or mNS. In addition, only several nuclear decay elements 
were recorded in the interstellar space, but plumes themselves are not recorded. 
Thus, the spatial distribution of elements does not confirm the correctness of the 
B2FH and K2L models. In these two models, it was stated that all elements, 
heavier than iron, synthesized on stars during the s and r processes, have been 
transferred to other star systems. 

5) At the dying low-mass stars, the initial impulse is small or absent, so there 
is a problem to explain the interstellar transfer of elements from a donor-star to 
neighboring ones. 

6) Looking at the “onion’’ structure of a massive star, the author wants to cry 
bitter tears. Astrophysicists, without a shadow of a doubt, very seriously claim 
that iron isotopes, including 56Fe, can explode. Probably astrophysicists do not 
realize that it is impossible to make a nuclear bomb from iron. 

Therefore, the statement that massive stars will explode due to the over- 
saturation of Fe and Ni, causes reasonable anxiety to the author of the study. 
Recall that according to B2FH and K2L synthesis models, 40K can be obtained 
only in the s-process, so in stars with the “onion’’ structure, this nuclear layer is 
absent. Thus, we have led readers to the idea that massive stars with “onion’’ 
structure can not explode since there are no fuel nuclear K-Th-U layers in their 
internal structures. The clue to solve the problem of explosive massive stars 
could be found in an abundance of interstellar gas in [76], see also Figure 6. The 
elements of Ga, Ge, As, Kr, Sn, Tl, and Pb may be specified as a trace of ura-
nium explosive. Therefore it is possible to come out with the assumption that 
before explosions, massive stars suddenly start to get oversaturated Th-U ele-
ments. 

7) Next, we will pay attention to one more feature. According to the B2FH and 
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K2L models, it turns out that there is “exclusive delivery’’ of uranium from neu-
tron or massive stars to the Earth. This paradox of an “exclusive delivery’’ of U 
and I, Cs, Pt, Hg, Bi, Po, and Rn to Earth for sure can bring interest to our read-
ers and probably raise a hot discussion. 

7. Conclusions 

In this study, the possibility of the life origin in other star systems, located at a 
distance of ~200 pc from the solar system, was investigated. For the origin of life 
the synthesis of chemical elements, such as C, N, O and P, which are necessary 
for the forming of DNA and biological organisms, are essential. The stars, in 
spectrums of which these elements are presented, are called as DNA stars. How-
ever, the synthesis of chemical elements is impossible without the work of nuc-
lear reactors. For that, the concept of the ensemble-averaged stellar reactor 
(EASR) was introduced. The comparisons between the working of terrestrial, 
solar, and EAST nuclear reactors were carrying out. 

The main results of this study are following: 
In life science: Based on the chemical compounds, a new method for search-

ing for habitable star systems has been developed and 48 DNA-stars in the solar 
neighborhood, on which life is possible, has been determined. These stars make 
up only 1.3% of the total 3757 amount of studied stars, see Table 5. 

In stellar nucleogenesis: From the comparison of terrestrial, solar, and stellar 
abundances, it was established that terrestrial, solar, and ensemble-averaged 
stellar reactors have a common K-Sr-Cs-Pb-Th-U multilayer structure. The 
theory of the buoyancy of elements and isotopes, developed earlier to describe 
the processes occurring in the interior of the planet in [5], is generalized to stars. 
It is suggested that stars warming up due to the displacement of the nuclear 
processes occurring inside the stars, which leads to the synthesis of heavy ele-
ments. 

The majority of the elements, which have been found out in the solar system, 
have been synthesised in our solar system. Further accumulation of transuranic 
elements inside star leads to reach a critical nuclear mass, and at the end to the 
star explosion. 

Acknowledgements 

We would like to thank N. R. Hinkel, F. X. Timmes, P. A. Young, M. D. Pagano, 
M. C. Turnbull for providing valuable and useful Hypatia Stellar Catalog. Also 
sincerely thanks to the members of JHEPGC for their professional performance, 
and special thanks to managing editor Ms. Zoey YANG for a rare attitude of 
high quality. 

Conflicts of Interest 

The author declares no conflict of interest. 

https://doi.org/10.4236/jhepgc.2024.102040


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 675 Journal of High Energy Physics, Gravitation and Cosmology 
 

References 
[1] Burbidge, E.M., Burbidge, G.R., Fowler, W.A. and Hoyle, F. (1957) Synthesis of the 

Elements in Stars. Reviews of Modern Physics, 29, 547-650.  
https://doi.org/10.1103/RevModPhys.29.547 

[2] Kobayashi, C., Karakas, A.I. and Lugaro, M. (2020) The Origin of Elements from 
Carbon to Uranium. The Astrophysical Journal, 900, 179.  
https://doi.org/10.3847/1538-4357/abae65 

[3] Herndon, J.M. (2011) Corruption of Science in America. The Dot Connector Maga-
zine, 2, 25-32. http://nuclearplanet.com/corruption.pdf  

[4] Ludhova, L. and Zavatarelli, S. (2013) Studying the Earth with Geoneutrinos. Ad-
vances in High Energy Physics, 2013, Article ID: 425693.  
https://doi.org/10.1155/2013/425693 

[5] Safronov, A.N. (2016) The Basic Principles of Creation of Habitable Planets around 
Stars in the Milky Way Galaxy. International Journal of Astronomy and Astrophys-
ics, 6, 512-554. https://doi.org/10.4236/ijaa.2016.64039 

[6] Safronov, A.N. (2020) A New View of the Mass Extinctions and the Worldwide 
Floods. International Journal of Geosciences, 11, 251-287.  
https://doi.org/10.4236/ijg.2020.114014 

[7] Asplund, M., Amarsi, A.M. and Grevesse, N. (2021) The Chemical Make-Up of the 
Sun: A 2020 Vision. Astronomy & Astrophysics, 653, Article No. A141.  
https://doi.org/10.1051/0004-6361/202140445 

[8] Shin, E.J., Kim, J.H. and Oh, B.K. (2021) How Metals Are Transported in and out of 
a Galactic Disk: Dependence on the Hydrodynamic Schemes in Numerical Simula-
tions. The Astrophysical Journal, 917, Article 12.  
https://doi.org/10.3847/1538-4357/abffd0 

[9] Safronov, A.N. (2024) Life Origin in the Milky Way Galaxy: III. Spatial Distribution 
of Overheated Stars in the Solar Neighborhood. Journal of High Energy Physics, 
Gravitation and Cosmology, 10, 693-709.  
https://doi.org/10.4236/jhepgc.2024.102042  

[10] Safronov, A.N. (2024) Life Origin in the Milky Way Galaxy: II. Scanning for Habit-
able Stellar Systems on Behalf of Future Space Missions. Journal of High Energy 
Physics, Gravitation and Cosmology, 10, 681-692.  
https://doi.org/10.4236/jhepgc.2024.102041  

[11] Scott, P., Grevesse, N., Asplund, M., Sauval, A.J., Lind, K., Takeda, Y., Collet, R., 
Trampedach, R. and Hayek, W. (2014) The Elemental Composition of the Sun. I. 
The Intermediate Mass Elements Na to Ca. Astronomy & Astrophysics, 573, Article 
No. A25. https://doi.org/10.1051/0004-6361/201424109 

[12] Scott, P., Asplund, M., Grevesse, N., Bergemann, M. and Sauval, A.J. (2014) The 
Elemental Composition of the Sun. II. The Iron Group Elements Sc to Ni. Astron-
omy & Astrophysics, 573, Article No. A26.  
https://doi.org/10.1051/0004-6361/201424110 

[13] Grevesse, N., Scott, P., Asplund, M. and Sauval, A.J. (2015) The Elemental Compo-
sition of the Sun. III. The Heavy Elements Cu to Th. Astronomy & Astrophysics, 
573, Article No. A27. https://doi.org/10.1051/0004-6361/201424111 

[14] Asplund, M., Grevesse, N., Sauval, A.J. and Scott, P. (2009) The Chemical Composi-
tion of the Sun. Annual Review of Astronomy and Astrophysics, 47, 481-522.  
https://doi.org/10.1146/annurev.astro.46.060407.145222 

[15] Lodders, K. (2010) Solar System Abundances of the Elements. In: Goswami, A. and 

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.1103/RevModPhys.29.547
https://doi.org/10.3847/1538-4357/abae65
http://nuclearplanet.com/corruption.pdf
https://doi.org/10.1155/2013/425693
https://doi.org/10.4236/ijaa.2016.64039
https://doi.org/10.4236/ijg.2020.114014
https://doi.org/10.1051/0004-6361/202140445
https://doi.org/10.3847/1538-4357/abffd0
https://doi.org/10.4236/jhepgc.2024.102042
https://doi.org/10.4236/jhepgc.2024.102041
https://doi.org/10.1051/0004-6361/201424109
https://doi.org/10.1051/0004-6361/201424110
https://doi.org/10.1051/0004-6361/201424111
https://doi.org/10.1146/annurev.astro.46.060407.145222


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 676 Journal of High Energy Physics, Gravitation and Cosmology 
 

Reddy, B., Eds., Principles and Perspectives in Cosmochemistry, Springer, Berlin, 
379-417. https://doi.org/10.1007/978-3-642-10352-0_8 

[16] Hinkel, N.R., Timmes, F.X., Youngm P.A., Pagano, M.D. and Turnbull, M.C. (2020) 
Dataset: Stellar Abundances in the Solar Neighborhood: The Hypatia Catalog.  
https://www.hypatiacatalog.com/hypatia/default/launch  

[17] Hinkel, N.R., Timmes, F.X., Young, P.A., Pagano, M.D. and Turnbull, M.C. (2014) 
Stellar Abundances in the Solar Neighborhood: The Hypatia Catalog. The Astro-
nomical Journal, 148, Article 54. https://doi.org/10.1088/0004-6256/148/3/54 

[18] Hinkel, N.R., Young, P.A., Pagano, M.D., Desch, S.J., Anbar, A.D., Adibekyan, V., 
Blanco-Cuaresma, S., Carlberg, J.K., Mena, E.D., Liu, F., Nordlander, T., Sousa, 
S.G., Korn, A., Gruyters, P., Heiter, U., Jofre, P., Santos, N.C. and Soubiran, C. 
(2016) A Comparison of Stellar Elemental Abundance Techniques and Measure-
ments. The Astrophysical Journal Supplement Series, 226, Article 4.  
https://doi.org/10.3847/0067-0049/226/1/4 

[19] Hinkel, N.R., Mamajek, E.E., Turnbull, M.C., Osby, E., Shkolnik, E.L., Smith, G.H., 
Klimasewski, A., Somers, G. and Desch, S.J. (2017) A Catalog of Stellar Unified 
Properties (CATSUP) for 951 FGK-Stars within 30 pc. The Astrophysical Journal, 
848, Article 34. https://doi.org/10.3847/1538-4357/aa8b0f 

[20] Hoyle, F. (1946) The Synthesis of the Elements from Hydrogen. Monthly Notices of 
the Royal Astronomical Society, 106, 343-383.  
https://doi.org/10.1093/mnras/106.5.343 

[21] Hoyle, F. (1954) On Nuclear Reactions Occurring in Very Hot STARS. I. The Syn-
thesis of Elements from Carbon to Nickel. Astrophysical Journal Supplement, 1, 
121. https://doi.org/10.1086/190005 

[22] Cameron, A.G.W. (1957) Stellar Evolution, Nuclear Astrophysics, and Nucleogene-
sis. Atomic Energy of Canada, Report CRL-41.  
https://fas.org/sgp/eprint/CRL-41.pdf  

[23] Clayton, D.D., Fowler, W.A., Hull, T.E. and Zimmerman, B.A. (1961) Neutron 
Capture Chains in Heavy Element Synthesis. Annals of Physics, 12, 331-408.  
https://doi.org/10.1016/0003-4916(61)90067-7 

[24] Seeger, P.A., Fowler, W.A. and Clayton, D.D. (1965) Nucleosynthesis of Heavy 
Elements by Neutron Capture. Astrophysical Journal Supplement, 11, 121-126.  
https://doi.org/10.1086/190111 

[25] Viola, V.E. (1990) Formation of the Chemical Elements and the Evolution of Our 
Universe. Journal Chemical Education, 67, 723-730.  
https://doi.org/10.1021/ed067p723 

[26] Jonson, B. (1995) Nuclear Processes in Astrophysics. Physica Scripta, T59, 53-58.  
https://doi.org/10.1088/0031-8949/1995/T59/006 

[27] Wallerstein, G., Iben Jr., I., Parker, P., Boesgaard, A.M., Hale, G.M., Champagne, 
A.E., Barnes, C.A., Kappeler, F., Smith, V.V., Hoffman, R.D., Timmes, F.X., Sneden, 
C., Boyd, R.N., Meyer, B.S. and Lambert, D.L. (1997) Synthesis of the Elements in 
Stars: Forty Years of Progress. Reviews of Modern Physics, 69, 995-1084.  
https://doi.org/10.1103/RevModPhys.69.995 

[28] Travaglio, C., Gallino, R., Arnone, E., Cowan, J., Jordan, F. and Sneden, C. (2004) 
Galactic Evolution of Sr, Y, and Zr: A Multiplicity of Nucleosynthetic Processe. The 
Astrophysical Journal, 601, 864-884. https://doi.org/10.1086/380507 

[29] Reifarth, R., Lederer, C. and Kappeler, F. (2014) Neutron Reactions in Astrophysics. 
Journal of Physics G: Nuclear and Particle Physics, 41, Article ID: 053101.  
https://doi.org/10.1088/0954-3899/41/5/053101 

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.1007/978-3-642-10352-0_8
https://www.hypatiacatalog.com/hypatia/default/launch
https://doi.org/10.1088/0004-6256/148/3/54
https://doi.org/10.3847/0067-0049/226/1/4
https://doi.org/10.3847/1538-4357/aa8b0f
https://doi.org/10.1093/mnras/106.5.343
https://doi.org/10.1086/190005
https://fas.org/sgp/eprint/CRL-41.pdf
https://doi.org/10.1016/0003-4916(61)90067-7
https://doi.org/10.1086/190111
https://doi.org/10.1021/ed067p723
https://doi.org/10.1088/0031-8949/1995/T59/006
https://doi.org/10.1103/RevModPhys.69.995
https://doi.org/10.1086/380507
https://doi.org/10.1088/0954-3899/41/5/053101


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 677 Journal of High Energy Physics, Gravitation and Cosmology 
 

[30] Goriely, S. and Pinedo, G.M. (2015) The Production of Transuranium Elementsby 
the r-Process Nucleosynthesis. Nuclear Physics A, 944, 158-176.  
https://doi.org/10.1016/j.nuclphysa.2015.07.020 

[31] Liccardo, V., Malheiro, M., Hussein, M.S., Carlson, B.V. and Frederico, T. (2018) 
Nuclear Processes in Astrophysics: Recent Progress. The European Physical Journal 
A, 54, Article No. 221. https://doi.org/10.1140/epja/i2018-12648-5 

[32] Prantzos, N., Abia, C., Limongi, M., Chieffi, A. and Cristallo, S. (2018) Chemical 
Evolution with Rotating Massive Star Yields—I. The Solar Neighbourhood and the 
s-Process Elements. Monthly Notices of the Royal Astronomical Society, 476, 
3432-3459. https://doi.org/10.1093/mnras/sty316 

[33] Karakas, A.I. (2018) Nucleosynthesis in Stars: The Origin of the Heaviest Elements. 
Proceedings of the International Astronomical Union, 14, 79-88.  
https://doi.org/10.1017/S1743921318006166 

[34] Rippka, R., Deruelles, J., Waterbury, J.B., Herdman, M. and Stanier, R.Y. (1979) 
Generic Assignments, Strain Histories and Properties of Pure Cultures of Cyano-
bacteria. Journal of General Microbiology, 111, 1-61.  
https://doi.org/10.1099/00221287-111-1-1 

[35] Bohr, N. and Wheeler, J.A. (1939) The Mechanism of Nuclear Fission. Physical Re-
view D, 56, 426-450. https://doi.org/10.1103/PhysRev.56.426 

[36] Ghahramany, N., Gharaati, S.H., Ghanaatian, M. and Hora, H. (2011) New Scheme 
of Nuclide and Nuclear Binding Energy from Quark-Like Model. Iranian Journal of 
Science and Technology, A3, 201-208. 

[37] Ghahramany, N., Gharaati, S. and Ghanaatian, M. (2012) New Approach to Nuclear 
Binding Energy in Integrated Nuclear Model. Journal of Theoretical and Applied 
Physics, 6, 1-5. https://doi.org/10.1186/2251-7235-6-3 

[38] Woosley, S.E., Heger, A. and Weaver, T.A. (2002) Evolution and Explosion of Mas-
sive Stars. Reviews of Modern Physics, 74, 1015-1071.  
https://doi.org/10.1103/RevModPhys.74.1015 

[39] Wood, B.J., Walter, M.J. and Wade, J. (2006) Accretion of the Earth and Segregation 
of Its Core. Nature, 441, 825-833. https://doi.org/10.1038/nature04763 

[40] Kuroda, P.K. (1960) Nuclear Fission in the Early History of the Earth. Nature, 187, 
36-38. https://doi.org/10.1038/187036a0 

[41] Herndon, J.M. (1992) Nuclear Fission Reactors as Energy Sources for the Giant 
Outer Planets. Naturwissenschaften, 79, 7-14. https://doi.org/10.1007/BF01132272 

[42] Herndon, J.M. (1993) Feasibility of a Nuclear Fission Reactor at the Center of the 
Earth as the Energy Source for the Geomagnetic Field. Journal of Geomagnetism 
and Geoelectricity, 45, 423-437. https://doi.org/10.5636/jgg.45.423 

[43] Herndon, J.M. (1996) Sub-Structure of the Inner Core of the Earth. Proceedings of 
the National Academy of Sciences of the United States of America (PNAS), 93, 
646-648. https://doi.org/10.1073/pnas.93.2.646 

[44] Hollenbach, D. F., Herndon, J. M. (2001) Deep-Earth Reactor: Nuclear Fission, He-
lium, and the Geomagnetic Field. Proceedings of the National Academy of Sciences 
of the United States of America, 98, 11085-11090.  
https://doi.org/10.1073/pnas.201393998 

[45] Herndon, J.M. (2003) Nuclear Georeactor Origin of Oceanic Basalt 3He/4He, Evi-
dence, and Implications. Proceedings of the National Academy of Sciences of the 
United States of America, 100, 3047-3050. https://doi.org/10.1073/pnas.0437778100 

[46] Herndon, J.M. (2014) Terracentric Nuclear Fission Georeactor: Background, Basis, 

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.1016/j.nuclphysa.2015.07.020
https://doi.org/10.1140/epja/i2018-12648-5
https://doi.org/10.1093/mnras/sty316
https://doi.org/10.1017/S1743921318006166
https://doi.org/10.1099/00221287-111-1-1
https://doi.org/10.1103/PhysRev.56.426
https://doi.org/10.1186/2251-7235-6-3
https://doi.org/10.1103/RevModPhys.74.1015
https://doi.org/10.1038/nature04763
https://doi.org/10.1038/187036a0
https://doi.org/10.1007/BF01132272
https://doi.org/10.5636/jgg.45.423
https://doi.org/10.1073/pnas.93.2.646
https://doi.org/10.1073/pnas.201393998
https://doi.org/10.1073/pnas.0437778100


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 678 Journal of High Energy Physics, Gravitation and Cosmology 
 

Feasibility, Structure, Evidence and Geophysical Implications. Current Science, 106, 
528-541. 

[47] Anisichkin, V.F. (1997) Do Planets Burst? Combustion, Explosion and Shock Waves, 
33, 117-120. https://doi.org/10.1007/BF02671863 

[48] Bao, X. and Zhang, A. (1998) Geochemistry of U and Th and ITS INFLUence on the 
Origin and Evolution of the Crust of Earth and the Biological Evolution. Acta Pe-
trologica et Mineralogica, 17, 160-172. 

[49] Bao, X.Z. (1999) Distribution of U and Th and Their Nuclear Fission in the Outer 
Core of the Earth and Their Effects on the Geodynamics. Geological Review, 45, 
82-92. 

[50] de Meijer, R.J., van der Graaf, E.R. and Jungmann, K.P. (2004) Quest for a Nuclear 
Georeactor. Radiation Physics and Chemistry, 71, 769-744.  
https://doi.org/10.1016/j.radphyschem.2004.04.128 

[51] Anisichkin, V.F., Bezborodov, A.A. and Suslov, I.R. (2005) Nuclear Fission Chain 
Reactions of Nuclides in the Earth’s Core over Billions of Years. Atomic Energy, 98, 
352-360. https://doi.org/10.1007/s10512-005-0217-3 

[52] Butler, S.L., Peltier, W.R. and Costin, S.O. (2005) Numerical Models of the Earth 
Thermal History: Effects of Inner-Core Solidification and Core Potassium. Physics 
of the Earth and Planetary Interiors, 152, 22-42.  
https://doi.org/10.1016/j.pepi.2005.05.005 

[53] Schuiling, R. (2006) Is There a Nuclear Reactor at the Center of the Earth? Earth, 
Moon, and Planets, 99, 33-49. https://doi.org/10.1007/s11038-006-9108-4 

[54] Rusov, V.D., Pavlovich, V.N., Vaschenko, V.N., Tarasov, V.A., Zelentsova, T.N., 
Bolshakov, V.N., Litvinov, D.A., Kosenko, S.I. and Byegunova, O.A. (2007) Geoan-
tineutrino Spectrum and Slow Nuclear Burning on the Boundary of the Liquid and 
Solid Phases of the Earth’s Core. Journal of Geophysical Research, 112, B09203.  
https://doi.org/10.1029/2005JB004212 

[55] Anisichkin, V.F., Bezborodov, A.A. and Suslov, I.R. (2008) Georeactor in the Earth. 
Transport Theory and Statistical Physics, 37, 624-633.  
https://doi.org/10.1080/00411450802515817 

[56] de Meijer, R.J. and van Westrenen, W. (2008) Assessing the Feasibility and Conse-
quences of Nuclear Georeactors in Earth Core-Mantle Boundary Region. South 
African Journal of Science, 104, 111-118. 

[57] Rusov, V., Litvinov, D., Linnik, E., Vaschenko, V., Zelentsova, T., Beglaryan, M., 
Tarasov, V., Chernegenko, S., Smolyar, V., Molchinikolov, P., Merkotan, K. and 
Kavatskyy, P. (2013) KamLAND-Experiment and Soliton-Like Nuclear Georeactor. 
Part I. Comparison of Theory with Experiment. Journal of Modern Physics, 4, 528-550.  
https://doi.org/10.4236/jmp.2013.44075 

[58] Fukuhara, M. (2017) Possible Generation of Heat from Nuclear Fusion in Earth’s 
Inner core. Scientific Reports, 7, Article No. 46436.  
https://doi.org/10.1038/srep46436 

[59] Feber, R.C., Wallace, T.C. and Libby, L.M. (1984) Uranium in the Earth’s Core. 
EOS, 65, 785-786. https://doi.org/10.1029/EO065i044p00785-01 

[60] Murthy, V.R., van Westrenen, W. and Fei, Y. (2003) Experimental Evidence tHat 
Potassium Is a Substantial Radioactive Heat Source in Planetary Cores. Nature, 423, 
163-165. https://doi.org/10.1038/nature01560 

[61] de Meijer, R.J., Anisichkin, V.F. and van Westrenen, W. (2013) Forming the Moon 
from Terrestrial Silicate-Rich Material. Chemical Geology, 345, 40-49.  

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.1007/BF02671863
https://doi.org/10.1016/j.radphyschem.2004.04.128
https://doi.org/10.1007/s10512-005-0217-3
https://doi.org/10.1016/j.pepi.2005.05.005
https://doi.org/10.1007/s11038-006-9108-4
https://doi.org/10.1029/2005JB004212
https://doi.org/10.1080/00411450802515817
https://doi.org/10.4236/jmp.2013.44075
https://doi.org/10.1038/srep46436
https://doi.org/10.1029/EO065i044p00785-01
https://doi.org/10.1038/nature01560


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 679 Journal of High Energy Physics, Gravitation and Cosmology 
 

https://doi.org/10.1016/j.chemgeo.2012.12.015 

[62] Fogli, G.L., Lisi, E., Palazzo, A. and Rotunno, A.M. (2005) KamLAND Neutrino 
Spectra in Energy and Time: Indications for Reactor Power Variations and Con-
straints on the Georeactor. Physics Letters B, 623, 80-92.  
https://doi.org/10.1016/j.physletb.2005.07.064 

[63] Dye, S.T., Guillian, E., Learned, J.G., Maricic, J., Matsuno, S., Pakvasa, S., Varner, G. 
and Wilcox, M. (2006) Earth Radioactivity Measurements with a Deep Ocean Anti-
neutrino Observatory. Earth, Moon, and Planets, 99, 241-252.  
https://doi.org/10.1007/s11038-006-9129-z 

[64] Fiorentini, G., Lissia, M. and Mantovani, F. (2007) Geo-Neutrinos and Earth’s Inte-
rior. Physics Reports, 453, 117-172. https://doi.org/10.1016/j.physrep.2007.09.001 

[65] Dye, S.T. (2009) Neutrino Mixing Discriminates Geo-Reactor Models. Physics Let-
ters B, 679, 15-18. https://doi.org/10.1016/j.physletb.2009.07.010 

[66] Fogli, G.L., Lisi, E., Palazzo, A. and Rotunno, A.M. (2010) Combined Analysis of 
KamLAND and Borexino Neutrino Signals from Th and U Decays in the Earth’s 
Interior. Physical Review D, 82, Article ID: 093006.  
https://doi.org/10.1103/PhysRevD.82.093006 

[67] Gando, A. and KamLAND Collaboration (2011) Partial Radiogenic Heat Model for 
Earth Revealed by Geoneutrino Measurements. Nature Geoscience, 4, 647-651.  
https://doi.org/10.1038/ngeo1205 

[68] Dye, S.T. (2012) Geoneutrinos and the Radioactive Power of the Earth. Reviews of 
Geophysics, 50, RG3007. https://doi.org/10.1029/2012RG000400 

[69] Sramek, O., McDonough, W.F. and Learned, J.G. (2012) Geoneutrinos. Advances in 
High Energy Physics, 2012, Article ID: 235686. https://doi.org/10.1155/2012/235686 

[70] Sramek, O., McDonough, W.F., Kite, E.S., Lekic, V., Dye, S.T. and Zhong, S. (2013) 
Geophysical and Geochemical Constraints on Geoneutrinos Fluxes from Earth’s 
Mantle. Earth and Planetary Science Letters, 361, 356-366.  
https://doi.org/10.1016/j.epsl.2012.11.001 

[71] Gando, A. and KamLAND Collaboration (2013) Reactor on-off Antineutrino Mea-
surement with KamLAND. Physical Review D, 88, Article ID: 033001.  

[72] Agostini, M. and Borexino Collaboration (2015) Spectroscopy of Geoneutrinos 
from 2056 Days of Borexino Data. Physical Review D, 92, Article ID: 031101.  

[73] Roncin, R. and Borexino Collaboration (2016) Geo-Neutrino Results with Borexino. 
Journal of Physics: Conference Series, 675, Article ID: 012029.  
https://doi.org/10.1088/1742-6596/675/1/012029 

[74] Falk, S.W., Lattmer, J.M. and Margolis, S.H. (1977) Are Supernovae Sources of Pre-
solar Grains? Nature, 270, 700-701. https://doi.org/10.1038/270700a0 

[75] Posselt, B., Neuhauser, R. and Haberl, F. (2009) Searching for Substellar Compa-
nions of Young Isolated Neutron Stars. Astronomy & Astrophysics, 496, 533-545.  
https://doi.org/10.1051/0004-6361/200810156 

[76] Cardelli, J.A. (1994) The Abundance of Heavy Elements in Interstellar Gas. Science, 
265, 209-213. https://doi.org/10.1126/science.265.5169.209 

[77] Basu, S. and Antia, H.M. (2008) Helioseismology and Solar Abundances. Physics 
Reports, 457, 217-283. https://doi.org/10.1016/j.physrep.2007.12.002 

[78] JEFF-3.1 (2020) Joint Evaluated Fission and Fusion File, Incident Neutron Data.  
http://www-nds.iaea.org/exfor/endf00.htm  

[79] Koning, A., Forrest, R., Kellett, M., Mills, R., Henriksson, H. and Rugama, Y. (2006) 
The JEFF-3.1 Nuclear Data Library. JEFF Report 21, OECD/NEA, Paris. 

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.1016/j.chemgeo.2012.12.015
https://doi.org/10.1016/j.physletb.2005.07.064
https://doi.org/10.1007/s11038-006-9129-z
https://doi.org/10.1016/j.physrep.2007.09.001
https://doi.org/10.1016/j.physletb.2009.07.010
https://doi.org/10.1103/PhysRevD.82.093006
https://doi.org/10.1038/ngeo1205
https://doi.org/10.1029/2012RG000400
https://doi.org/10.1155/2012/235686
https://doi.org/10.1016/j.epsl.2012.11.001
https://doi.org/10.1088/1742-6596/675/1/012029
https://doi.org/10.1038/270700a0
https://doi.org/10.1051/0004-6361/200810156
https://doi.org/10.1126/science.265.5169.209
https://doi.org/10.1016/j.physrep.2007.12.002
http://www-nds.iaea.org/exfor/endf00.htm


A. N. Safronov 
 

 

DOI: 10.4236/jhepgc.2024.102040 680 Journal of High Energy Physics, Gravitation and Cosmology 
 

[80] Vinyoles, N., Serenelli, A.M., Villante, F.L., Basu, S., Bergstrom, J., Gonzalez-Garcia, 
M.C., Maltoni, M., Pena-Garay, C. and Song, N.Q. (2017) A New Generation of 
Standard Solar Models. The Astrophysical Journal, 835, Article 202.  
https://doi.org/10.3847/1538-4357/835/2/202 

[81] Sitnova, T.M., Mashonkina, L.I. and Ryabchikova, T.A. (2018) A NLTE Line For-
mation for Neutral and Singly Ionized Calcium in Model Atmospheres of B-F Stars. 
Monthly Notices of the Royal Astronomical Society, 477, 3343-3352.  
https://doi.org/10.1093/mnras/sty810  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supplementary 

The following supporting information can be downloaded at Researchgate site 
or on request at author: The set of Tables are included: STable 1: The Abun-
dance of Heavy Elements in Interstellar Gas, according Cardelli [76]; STable 2: 
The linear regression for RT1 stellar group; STable 3: The linear regression for 
RT2 stellar group; STable 4: The linear regression for RT3 stellar group; STable 5: 
The linear regression for RT4 stellar group. 

The set of Figures are next: SFigure 1: The mass distributions of fission prod-
ucts produced in the thermal, fast, and high neutron fission yields of 232Th (a) 
and 235U (b); SFigure 2: The statistic distributions of the stellar radius for RT1-RT4 
stellar groups; SFigure 3: The statistic distributions of stellar effective tempera-
ture for RT1-RT4 stellar groups. 

https://doi.org/10.4236/jhepgc.2024.102040
https://doi.org/10.3847/1538-4357/835/2/202
https://doi.org/10.1093/mnras/sty810

	Life Origin in the Milky Way Galaxy: I. The Stellar Nucleogenesis of Elements Necessary for the Life Origin
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Terrestrial and Solar Abundances
	2.2. Stellar Abundances in the Solar Neighborhood
	2.3. Theories of Stellar Nucleogenesis
	2.4. The Ensemble-Averaged Stellar Reactore
	2.5. The Stellar Studying Ranges
	2.6. The Working Cycles of Ensemble-Averaged Stellar Reactor
	2.7. Rates of Element Synthesis
	2.8. Biochemical Criteria for Searching for Signs of Life on Remote Stars

	3. Terrestrial and Solar Abundances
	3.1. The Terrestrial Fe-Ni Core
	3.2. Terrestrial Georeactor and Geoneutrinos
	3.3. Problems of Terrestrial and Solar Nucleosynthesis
	3.4. Solar Reactor and Solar Abundances

	4. Periodic Tables for RT1-RT4 Stellar Groups
	5. Nucleogenesis of Biospheric Elements
	6. Discussion and Some Remarks
	7. Conclusions
	Acknowledgements
	Conflicts of Interest
	References
	Supplementary

