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Fig. 1. The fitting curve of the Egs. (2) and (4).(The left picture is the fitting curve of the Eq. (2) and the right picture is the fit-

ting curve of the Eq. (4)).
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Fig. 2. The fitting curve of the Eq. (13).
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Fig. 3. The fitting curve of the Eq. (14).
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Fig. 4. The fitting curve of the Eq. (15).
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Fig. 5. The experimental values of the nuclear charge radii of Ba and Fr, Ho and Lu isotopic chains are compared with the theore-

tical values calculated by Eqgs. (13)—(15).
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Fig. 6. The difference between the experimental value of 368 nuclear charge radii and the theoretical value calculated by Egs.

(13)—(15) , respectively.
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Table 1.  The mentioned equations for nuclear charge radius R.
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Abstract

Based on the existing experimental data of nuclear radius, the previous formula of nuclear charge radius is
verified and discussed. Comparing the formula of the single-parameter nuclear charge radius, it is proved that
the formula of 7z!/3 law is better than the formula of A'/3 law. We refitted the two-parameter formula and the
three-parameter formula that have been proposed and confirmed that the two-parameter and three-parameter
formula fit better than the single-parameter formula. It is shown that show that the deformation plays a key
role in the nuclear charge radius. The electric quadrupole moment is an important physical quantity
representing the properties of the nucleus. Its appearance indicates the deviation from spherical symmetry and
also reflects the size of the nuclear deformation. The electric quadrupole moment is also one of the basic
observations to understand the distribution of matter within the nucleus, to examine the nuclear model, and to
observe nucleon-nuclear interactions. Taking into account the relationship between the nuclear quadrupole
moment and the deformation, the electric quadrupole moment factor is added to the original three-parameter
formula to obtain a new formula for the nuclear charge radius. Fitting the four-parameter formula, it is found
that the theoretical value of the nuclear charge radius is in good agreement with the experimental value, the
root-mean-square deviation is 0.0397 fm. Considering the relationship between the total spin and the electric
quadrupole moment, the intrinsic electric quadrupole moment is obtained and brought into the formula for
fitting, and the root-mean-square deviation further decreases,the root-mean-square deviation is 0.0372 fm.
Finally, considering the universality of odd-even staggering, we add the § term that can reflect the odd and
even oscillation phenomenon, and the root-mean-square deviation obtained by the formula is 0.369 fm, which
better reflects the relationship between the deformation and the nuclear charge radius. Compared with the
formulas already proposed, the new formula can better reflect the variation trend of nuclear deformation, shell
effect, odd-even staggering, etc., and the calculation accuracy is also improved, which can provide a useful

reference for future experiments.

Keywords: nuclear charge radius, quadrupole moment, spin

PACS: 21.10.Ft, 21.10.Ky, 21.10.Hw DOI: 10.7498/aps.69.20191643

* Project supported by the National Natural Science Foundation of China (Grant No. 11575002).

1 Corresponding author. E-mail: jianyou@ahu.edu.cn

162101-7


http://doi.org/10.7498/aps.69.20191643
http://doi.org/10.7498/aps.69.20191643
mailto:jianyou@ahu.edu.cn
mailto:jianyou@ahu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

