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A new approach to the problem of nucleosynthesis based on assumption of a nuclear matter or superheavy nuclei 

series fragmentation up to atomic nuclei is proposed. It is shown that studies of the mass (charge) fragments yields 
(MCFY) after nuclear matter disintegration is possible within proposed statistical theory. The data of MCFY calculation 
for exotic superheavy nuclei multifragmentation with A=300, 900 and 1200 and arbitrary Z values are demonstrated.  
 

1. Introduction 
 

It is well known the importance of understanding the chemical elements’ origin in the Universe, based on the 
fundamental processes of interaction and transformation of nuclear matter [1]. At present, the theory of nucleosynthesis 
is based on the so-called r-, s- [2], or p- [3] processes of nuclei elementary interaction with neutrons or protons that are 
created under the act of the supernova star disintegration. This trend in the theory of nucleosynthesis based on the so-
called "snowball" approximation, when the synthesis of atomic nuclei results from the series of elementary processes’ 
interaction of the initial light nucleus (H, He, Li, B, Be et al) or more heavy nuclei in intense beams of electrons, 
protons, neutrons or alpha particles accelerated in cosmic strong electromagnetic fields. 

However, during the creation, for example, the supernova 2 or neutron stars, when the nuclear matter densities 
reached up to r ~ (10-2 - 2) ro, where ro ≈ 0.15 fm-3 and temperature T ≈ 0.5 - 10 MeV, the exotic nuclear matter or huge 
nuclei can be formed [4, 5] and their further disintegration may also cause the formation of nuclei of well-known 
chemical elements. It should be noted that previously this mechanism of origin of the chemical elements was not been 
considering. This may be due to a limitation of our knowledge about stability of the nuclear matter at arbitrary values of 
nucleus mass A and charge Z, and the absence of first principle theories able to explain the nature of its disintegration 
and nuclear fission fragments formation. 

This similar problem exists when one is searching for the islands of stability for superheavy nuclei and their traces 
in the environmental samples. 

It is well-known that new elements with charge only up to Z = 117 (293117 and 294117) were synthesized in the 
laboratory. Recently was reported about experimental identification of superheavy nuclei with charge within the range 
from 105 to 130 [6].  

In this paper, the results of mass or charge fragments yields calculation obtained under disintegration of the nuclear 
matter’s arbitrary fragments are presented at first time. Current investigation had been conducted by using the proposed 
statistical method that based on thermodynamic ordering post-fission fragments for arbitrary values and ratios A and Z. 

 
2. Theory 

 
We consider that the scheme of the two-fragment fission should be realized in all possible distribution of initial 

nucleus’ nucleons by two fragments with their different atomic masses and the protons / neutrons ratio [7, 8]. In this 
case, the i-th cluster contains Zj,i protons and Aj,i – Zj,i neutrons in the j-th fragment, where j = 1,2, as well as ni fission 
neutrons. In general case, the following conservation conditions for all possible schemes of two-fragment fission hold 
true 

 
A1,i + A2,i + ni = A0,      Z1,i + Z2,i = Z0 - Δzi,                                            (1) 

 
where Δzi is the number of β+ (at Δzi <0) or β-- (Δzi >0) decays within a single nuclear cluster. Emission of nuclear 
particles plays an important role in relaxation of heavy-nuclei fission fragments excitation and their approaching the 
islands of stability. 

Each such distribution creates the two-fragment clusters and the set of fragment clusters form a statistical ensemble.  
The thermodynamics parameters of two-fragment clusters ensemble are determined by the state of the initial 

nucleus. The initial nucleus determines the type of created statistical ensemble by considering of the one set fluctuations 
of the thermodynamics parameters and neglecting the other. In case of nuclear fission we assume that the number of all 
types’ nucleons in two fragment clusters is constant, see (1) and only fluctuation of energy and volume is allowed. It 
leads to a canonical constant - pressure (P) ensemble. 

Within the proposed approach, the problem of the fission fragments yields’ study resolves into analysis of the 
equilibrium conditions for a canonical constant-pressure ensemble.  

The fact that emission of fission neutrons decreased the nucleus volume [9] and thus provides the PΔV work should 
be considered as well. The equilibrium parameters of the two-fragment clusters ensemble can be obtained from the 
condition of the Gibbs’ thermodynamic potential minimum [10]: 

 
G = U – TS + PV,                                                                           (2) 
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where T is the nuclei temperature and U is initial or total energy, that determined by binding energy of the two-fragment 
cluster. Its spectrum {εi} is an additive quantity with respect to the binding energy of fission fragments: 
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where Uj is the binding energy of the i-th fission fragment, j = 1, 2; the symbol <...>i means that summation in (3) is 
taken over the i-th clusters containing two fission fragments with the numbers of protons ( ,

p
j iN ) and neutrons ( ,

n
j iN ) 

satisfying (1). 
The isobaric distribution function, which describe the statistical properties of system in thermodynamic equilibrium 

and represent the probability of finding a two-fragment nuclear cluster in the i-th state of the ensemble with the energy 
εi , can be expressed in the following way: 

 

{ }( ) exp ( ) / /i i i pf V PV T Z= ω − ε + ,                                                                (4) 
 

where the statistical sum Zp is defined as: 
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The set of equations (2)–(4) is sufficient to study the observable characteristics of nuclear fission 

 
3. Results and discussion 

 
It should be noticed that proposed statistical method contains no adjustable parameters, but only those that can be 

obtained from experiment. For instance, the temperature T can be defined by analyzing the evaporation spectra of the 
fission neutrons/protons or fission fragments (see [11] for more detail). The binding energies ei, used in Eq. (3) are 
tabulated in [12], their extrapolation (mass formula) is given, for example, in [13]. 

This is the reason of its using to describe the features of the disintegration of nuclear matter. According to (1) we 
considered the two-fragment fission scheme disintegration of nuclear matter, although the theory allows us to evaluate 
more complicated cases of nuclear matter multifragmentations. Choice of the evaluation method for the binding 
energies spectrum εi had been determined by the size of nuclear matter fragments. The tabulated values for binding 
energies obtained [12] only for isotopes with mass numbers up to A = 264  and the proton magic number accounting up 
to 82, and the same for the neutrons up to 126.  

In other words, it can be used in the study of multi fragmentation of the super heavy nuclei with mass numbers up to 
A = 400 - 500. On the other, mass formulas, see for instance [13], able us to take into account magic numbers for 
protons up to 164 and same for neutrons up to 184 and is more adequate for the study of the disintegration of nuclear 
matter with A >> 500. 

In Fig. 1 the mass fission fragments yields of heavy nuclei with A = 300 at different ratios of protons/neutrons and 
nuclear temperature T (excitation energy) are presented as a 3D color fill surface. These figures illustrates us the 
symmetrization (one hump feature) of fission fragments yields with temperature T rising and their transformation from 
two to three hump structures with increasing content of protons in the initial nucleus. 
 

a b 
 

Fig. 1. The fission fragments yields for hypothetical nucleus with A = 300 at different temperatures: 
a - T = 0.5 MeV ; b - T = 0.85 MeV. 
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In Fig. 2 the same mass distributions of fission fragments from the disintegration of nuclear matter with A = 900 (a) 
and A = 1200 (b) at T = 0.95 MeV is showing. In the first case the 2-fragment clusters with the specific binding energy 
not less than 5.455 MeV / A were selected and in the last, respectively, - 4.804 MeV / A. It is seen that for large values 
of A the mass spectra lose the fine structure in a wide range of Z / A ratio and demonstrate symmetrical two-fragment 
fission. 

 

a b 
 

Fig. 2. 3D fission fragments yields of the super heavy nuclei with A = 900 (a) and A = 1200 (b) 
at different ratios of protons / neutrons. The temperature of the initial nucleus T = 0.85 MeV. 

 
Thus, obtained results demonstrate the possibility of a theoretical study of the nuclear matter fragmentation’s 

effects. This study is very important for the problems of nucleosynthesis. Further development of the proposed 
theoretical method may be on the way to account the three- or more fragmentation scheme of fission and take into 
consideration the chains of elementary beta- or neutron emission. 

 
The author is grateful to Prof. E. Skakun for initiation this work and fruitful discussions. 

 
REFERENCES 

 
1. Fülöp Zs., Elekes Z. Nuclear processes in nature // EOLSS Enciklopedia - Radiochemistry and Nuclear Chemistry 

(e-book) / Ed. S. Nagy (http://www.eolss.net/ outlinecomponents/ Radiochemistry-Nuclear-Chemistry.aspx) (2008). 
2. Wallerstein G. et al. Synthesis of the elements in stars: forty years of progress // Reviews of Modern Physics. - 

1997. - Vol. 69. - P. 995 - 1084. 
3. Arnould M., Goriely S. The p-process of stellar nucleosynthesis: astrophysics and nuclear physics status // Physics 

Reports. - 2003. - Vol. 384. - P. 1. - 84. 
4. Grebenev S.A., Lutovinov A.A., Tsygankov S.S., Winkler C. Hard X-ray emission lines from the decay of 44Ti in the 

remnant of Supernova 1987A // Nature. - 2012. - Vol. 490, No. 7420. - P. 373 - 375. 
5. Botvina A.S., Mishustin I.N. Stellar matter in supernova explosions and nuclear multifragmentation // Nuclear 

Physics. - 2008. - Vol. 71, No. 6. - P.1114 - 1120. 
6. The superheavy elements were found in cosmic rays // http://lenta.ru/news/2011/12/13/ heavy/ 
7. Maslyuk V. et al. Study of Mass Spectra of Light-Actinide Fission Isotopes Kr and Xe in the Framework of a New 

Statistical Approach // Physics of Particles and Nuclei Letters. - 2007. - Vol. 4, No. 1. - P. 78 - 84. 
8. Maslyuk V.T. et al. New Statistical Methods for Systematizing the Nuclei Fission Fragments: Post-Scission 

Approach // http://arxiv.org/abs/1202.0878 
9. Sitenko O.G., Tartakovskii V.K. Lectures on the theory of the nucleus. - M.: Atomizdat, 1972. - 352 p. [in Russian].  
10. Girifalco L.G. Statistical Physics of Materials. - N.Y. - Toronto: John Wiley and Sons, 1973. - 382 p. 
11. Goryachev A.M. et al. Nuclear Temperature Determination from Energy Distribution of Fast Photoneutrons from 

Medium and Heavy Nuclei // Phys. At. Nucl. - 1994. - Vol. 57. - P. 764 - 768. 
12. Audi G., Wapstra A.H., Thibault C. The AME2003 atomic mass evaluation (II). Tables, graphs, and references // 

Nuclear Physics. - 2003. - Vol. A 729. - P. 337 - 676. 
13. Moller P. et al. // Atomic Data and Nuclear Data Tables. - 1995. - Vol. 59. - P. 185.  
 


