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Fig. 1. The pm of 884 nuclei.
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Fig. 2. The green zigzag line is plotted by using the aver-
age values of pm for nuclei with the same mass number N.
The black curve is plotted in terms of empirical formula Eq. (6).
The vertical lines are plotted at the major neutron closure
N = 20, 28, 50, 82 126.
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Table 1. The parameter of different shell regions (in

units of u/fm?).

Region Cn 61 an 62
8= N=<20 0.276  0.010 —0.828 0.153
21 = N= 28 0.363  0.007 —-2.86 0.171
29 < N=< 39 0.206  0.007 1.649 0.256
40 < N < 50 0.383  0.005 —-5.387 0.217
51 < N < 66 0.242  0.005 1.812 0.316
67 < N < 82 0.345  0.007 —4.754 0.557
83 <= N=< 104 0.227  0.006 4.774 0.573

105 < N < 126 0.371  0.003 -9.614 0.433

127 < N 0.230  0.003 8.088 0.516
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Fig. 3. The difference between the experimental value of
884 nuclear charge radii and the theoretical value calcu-
lated by Eq.(2), Eq.(6) and Eq.(7), respectively. A dash ver-
tical line is plotted at the major neutron closure N = 20, 28,
50, 82 and 126.
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Fig. 4. The difference between the calculated values of nuc-
lear charge radius and experimental values in the
CR2013 database. A dash vertical line is plotted at the ma-
jor neutron closure N = 20, 28, 50, 82 and 126. The dash

horizontal line is plotted at the major proton closure Z =
20, 28, 50 and 82 (in units of fm).
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Fig. 5. (a) and (b) represent the nuclear charge radii and nuclear mass of Eu, Gd, Tb, Dy elements, respectively; (c) and (d) represent

the nuclear charge radii and nuclear mass of Tm, Yb, Lu, Hf elements, respectively.
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Fig. 6. The difference between the calculated values of nuc-

lear charge radius (obtained by neural network model I and

II) and experimental values in CR2013 database (in units of
fm).
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Abstract

In this paper we predict and evaluate the value of the nuclear charge radius by analyzing the relationship
between nuclear mass and nuclear charge radius. We obtain 884 nuclei (Z, N = 8) with known mass and known
charge radii by combining AME2020 database with CR2013 database, and calculate the mass densities pm of
the 884 nuclei. We aim to obtain an empirical formula of one constant which is useful in describing and
predicting nuclear charge radius. With the empirical formula and the AME2020 database, the root-mean-square
deviation (RMSD) of the nuclear charge radius of ¢ =0.093 fm is successfully obtained. Considering the
influence of neutron numbers on pn, we use the neutron factor 1/N to correct the empirical formula, and the
RMSD is reduced to o = 0.047 fm (the accuracy is increased by about 50%). The second correction is shell
effect of neutrons. The results show that the RMSD of nuclear charge radius is reduced to 0.034 fm based on
shell effect of neutrons. We use the empirical formula with corrections to predict the nuclear charge radius
(1573 nuclear charge radius with Z, N = 8) which is difficult to measure experimentally. The difference between
our predicted values based on AME2020 database and the experimental values measured in recent years is in
the allowable range of deviation. The result shows that the new relation for nuclear charge radius is simple and
reliable. In addition, the RMSD of the calculation value for 791 nuclei is reduced to o = 0.032 fm after we have
removed some nuclei with special shell effect and isotope chains. These results show that the new relation
proposed in this paper can be comparable to A'/3 and z!/3 formulas with corrections. Moreover, we study the
884 and 791 nuclear mass densities by using L-M neural network method to build description and prediction
models. Comparing with CR2013, the RMSDs of nuclear charge radius are ¢ = 0.018 fm and ¢ = 0.014 fm,
respectively. The RMSDs are reduced by about 50% compared with that from the empirical formula with

corrections, and the predicted values are closer to the experimental values measured in recent years.
Keywords: nuclear charge radius, shell effect of neutrons, neural network

PACS: 21.10.-%, 21.10.Ft, 07.05.Mh DOI: 10.7498 /aps.72.20230126

* Project supported by the Open Funds of Engineering Research Center of Nuclear Technology Application, Ministry of
Education, China (Grant No. HJSJYB2022-9), the Science and Technology Research Program of the Education Department
of Jiangxi Province, China (Grant No. GJJ2200782), the Experimental Technology Development Program of East China
University of Technology (Grant No. DHSY-202251), and the Doctoral Scientific Research Foundation of East China
University of Technology (Grant No. DHBK2019151).

1 Corresponding author. E-mail: baobaojiao91@126.com

112101-9


mailto:baobaojiao91@126.com
mailto:baobaojiao91@126.com

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ETETRERNZBEEHRR
Nucleus density based new relationship of nuclear charge radius

Jiao Bao-Bao

515 &, Citation: Acta Physica Sinica, 72, 112101 (2023) DOI: 10.7498/aps.72.20230126
TEZE 7)1 View online: https:/doi.org/10.7498/aps.72.20230126
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

SR ARG S iV

Study of nuclear charge radius

WAL 2020, 69(16): 162101 https://doi.org/10.7498/aps.69.20191643

HT R R GERZ AT AR AT C R

New relation for nuclear charge radius based on isotope chain

PP, 2022, 71(15): 152101 https:/doi.org/10.7498/aps.71.20212343

ET Y PE DA 2 R 2% RO

Calculation of spot entroid based on physical informed neural networks

PFEEEAR. 2022, 71(20): 200601 hitps:/doi.ore/10.7498/aps.71.20220670

U235 0T A A R 22 R 2% 05 7
Tag Z boson jets via convolutional neural networks

Prezd. 2021, 70(6): 061301 https://doi.org/10.7498/aps.70.20201557

BT URBEFRIE M A B RRE TEE 1 IR AR MU
High—order natural transition simulation method based on deep residual network

YIBR2A4R. 2020, 69(20): 204701  hitps:/doi.org/10.7498/aps.69.20200563

FETIRBE 7 2T LA 3R 2% TG
Deep—learning—assisted micro impurity detection on an optical surface

YrH2E4R. 2021, 70(16): 168702  https://doi.org/10.7498/aps.70.20210403


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20230126
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191643
https://doi.org/10.7498/aps.71.20212343
https://doi.org/10.7498/aps.71.20220670
https://doi.org/10.7498/aps.70.20201557
https://doi.org/10.7498/aps.69.20200563
https://doi.org/10.7498/aps.70.20210403

	1 引　言
	2 原子核密度
	3 核电荷半径的描述和预言
	3.1 核电荷半径的描述
	3.2 核电荷半径的预言

	4 结　论
	参考文献

