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Abstract: this paper presents a mathematical justification for the deuteron clusterization of the atomic nucleus.
As a result of the research, a semi-empirical formula for calculating the binding energy is obtained.
Comparisons are made between experimental and theoretical results, with the error not exceeding 0.4 MeV. In
the case of approximation of the chemical mass defect discrepancies in the results for the specific binding energy
between experimental and theoretical values do not exceed 1 MeV. The obtained semi-empirical formula makes
it possible to confirm the hypothesis that the neutron has a binding function in the atomic nucleus. Based on this,
we can say that the mass defect is the amount of energy that a neutron from the ground state spends on the
formation of nuclear forces.
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HO.JIY3MHI/IPI/£‘IECKA5[ ({)OPMYJIA JJIs SHEPI'MHA CBSI3U HA OCHOBAHHUU
JEUTPOHHOU KIIACTEPU3AIIUU ATOMHOTI'O SAJIPA
Hcaes P.II1.

HUcaes Pagpasne Lllaxdas ozny — macucmpanm,
Hucmumym adepHoii pusuxu u mexmono2uu
Hayuonanvhulil uccreoosamenvckuii soeprulil yHusepcumem « MUDOH», 2. Mockea

AHHOmMayuA: OaHHOe UCCIe008aHUe ABNACMCA MAMEMAMUYecKUM 0O0CHOBAHUEM OeliMPOHHOU Klacmepusayuu
amomnozo s0pa. Ionyyena nonysmnupuveckas opmyaa 0as @viuucieHuss snepauu ceazu. Coenamnvl cpagHeHUs
MedHCOY IKCNePUMEHMANbHbIMU U MeopemudecKuUMy pe3ylomamamu, 20e nozpewHocms He npesviuiaem 0,4
MbB. B ciyyae annpokcumayuu Xumudeckozo 0e@ekma Macc, pacXodcoeHus pe3yibmamos O0s YOenbHOU
OHepaUU CBA3U MeHCOY IKCNEePpUMEHMANbHbIMU U meopemuyeckumu He npegviiuaem [ MeV. Ilonyuennas
ROLYIMAUPUYECKAst hopMyna 0aem B03MONCHOCMb NOOMBEPOUINL SUROME3Y O MOM, YO HEeUmpOH 6bINOHSEm
CA3BIBAIOWYIO PYHKYUIO 8 amMOMHOM Adpe. Hcx00a u3z 3mozo, MOXMCHO cKa3amv, 4mo oegexm macc ecmv mo
KOUYeCmeo dHep2ulU, KOomopoe HeumpoH U3 OCHO8HO20 COCMOAHUAL MPAMUM Ha 00pa308aHue S0epHbIX CUL.

Knroueevie cnoea: oetimponnas kiacmepusayus, 3Hepeull cesa3u ,0egheKma Maccol, Xumuyeckuii 0eghpekm maccol.
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1. Introduction.

With the development of the theory of nucleus structure and evolution of various models of the atomic
nucleus, attempts were undertaken to create formulas for calculation of the mass and binding energies of the
nuclei. These formulas are based on theoretical ideas about the structure of the nucleus, but the coefficients used
in calculations are derived from experimental data on the mass of the nuclei. Such formulas, based both on
theory and experimental data, are called semi-empirical formulas.

The semi-empirical formula obtained in this paper is based on the deuteron clustering of the nucleus. The idea
behind it is that a nucleus consists of deuterium nuclei (clusters) and a certain number of neutrons that bind
deuterons into a single structure. With this approach, a clear pattern is observed, which is related to the number
of neutrons and deuteron clusters in the nucleus. Neutrons bind deuteron clusters into a single nuclear structure
(11, [2].

2. Binding energies based on nuclear mass defect.

The binding energy of a nucleus in relation to all nucleons is a matter of its strength, measured by the
minimum amount of work to be performed in order to completely split the nucleus into its constituent protons
and neutrons. By virtue of the relationship between mass and energy, the binding energy of the nucleus can be
calculated by the formula (1) [3]

Eb = Amc? D [3]

where Am- mass defect, ¢ —speed of light

The mass defect of the atomic nucleus is the difference between the sum of the remaining masses of
nucleons, constituting the nucleus of a given nuclide, and the rest mass of the atomic nucleus of this nuclide.

Am = (ZMp + NMn) - Mnuc (2) [3]

where Z - number of protons, N -number of neutrons, Mp-proton mass, Mn-neutron mass, Mnuc-nuclide mass

in amu



According to the formula (1) and (2), using experimental mass values [4] of 300 most stable isobars of
chemical elements, thebinding energy per nucleon(Ew/A) was calculated with the plot shown in Figure 1.
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Fig. 1. Binding energy per nucleon versus mass number

3. Binding energies based on liquid drop model.

The liquid drop model is one of the earliest models of the structure of the atomic nucleus. Based on this
model Carl Weizsicker obtained a semi-empirical formula for the binding energy of an atomic nucleus for the
first time. According to this theory, the atomic nucleus can be represented as a spherical, uniformly charged drop
of liquid from nuclear matter, which has incompressibility, saturation of nuclear forces, “evaporation” of
nucleons, etc. Given the properties common to liquid and nuclear matter Weizsicker obtained a semi-empirical
formula (3) allowing calculation of the approximate values of the binding energy of the nucleus [3].
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where A — mass number, Z — atomic number. The coefficients in formula (2) a, B, y, and &are obtained by

statistical processing of experimental data.The coefficientdis determined from the concept of an even-odd
nucleus.
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Fig. 2. Experimental values of binding energy per nucleon versus calculated by the formula Weizsdcker [4], [5]

The Weizsicker formula allows to calculate the binding energy of a nucleus with an error of up to ~ 11
MeV as shown in Figure 2 [5]. The largest discrepancies between experimental and theoretically obtained are
observed in the area of magic numbers. This is explained by the fact that in liquid drop model the non-
uniformities of the distribution of nuclear matter due to the shell structure of atomic nuclei are not taken into
account.

4. Binding energies based on deuteron clusterization of the atomic nucleus.

This paper presents a cluster model of nuclei, considering that nucleus consists of deuterium nuclei (clusters)
and a certain number of neutrons. These neutrons bind clusters into a single nuclear structure [1] [2].Based on
this idea, a semi-empirical formula for the binding energy of the nucleus was obtained. If the masses are

expressed in energy units, the formula will look as follows:

Eb=Mrtoe - Amo™——  (4)

whereMn-neutron mass,Mnuc-nuclide mass,A-mass number, Z — atomic number, mp—deuteron mass defect.




The values of the binding energy per nucleon for the 300 most stable isobars of chemical elements obtained
by formula (4) are shown in the plot in Figure 3. The discrepancy between the experimental and theoretical
values does not exceed 0.4 MeV.
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Fig. 3. Experimental values of binding energy per nucleon versus calculated with use of the formula (4)

The values of Mnyc are determined experimentally by the method of mass spectrography and, therefore, the
values expressed in terms of the masses of neutral atoms in amuare given in the tables instead of nuclear masses.
For neutral atoms, it is necessary to take into account the masses of electrons of a given atom. Considering the
above mentioned, the chemical defect mass will be:

AM = Mnuc— A (53) [6]
Hence, from the formula (5.a) the following can be derived:
Mnuc=dm + A (5b)
As can be seen from Fig. 4, the approximating line for the chemical mass defect [6] is:
Am=5%10"°4%2 — 0.0014 + 0.016 (6)
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Fig. 4. Chemical mass defect versus mass number based on the 12C

Using formula (6), formula (5.b) will result the following:
Mnuc=5 * 107°4% + 0.9994 + 0.016 )
Formula (7) makes it possible to convert formula (4), in order to avoid the use of the experimental values of
the mass of the nucleus when calculating the binding energy:

5+107%A2 + 0.999A + 0.016 A-2Z
Eb = Mn - Amp " ©)]

Recalculating the values of the binding energy using the formula (9), we obtain discrepancies between the
experimental and theoretical results of not more than 1 MeV. This is due to the approximation in the calculation
of the chemical mass defect, as shown in Figure 5.
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Fig. 5. Experimental values of binding energy per nucleon versus calculated by the formula (9)

5. Conclusion.

Unlike the liquid drop model, the idea of deuteron clusterization allowed to find a semi-empirical formula
with a small error of values for the binding energy independent from the symmetry (even-oddness) of the
nucleus.
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Eb=Mn - 5+x107°A° + 0.999A + 0.016 -AmDA AZZ
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In the formula for the binding energy of the deuteron clusterization, the Mn term presents the neutron mass,

Mnuc

— characterizes the amount of energy that neutron loses on the formation of an intercluster bond, and the term

Amoﬁ#characterizes the neutron energy loss due to the formation of a deuteron cluster. The shell structure of

the clustering of the nucleus in which the deuteron wave functions overlap is also not excluded. One of the
directions for further research will be related to this issue.
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