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Table 1 The number of date sets for mirror nuclei used in this paper

ol sdiesEgs  sdFefhitlh fpieskit fpiefdiih
IN-Z =1 12 0 17 3
IN-2Z =2 1 0 9 10
IN-Z|=3 10 0 7 11
IN-Z| =4 5 4 0 11
IN-Z|=5 1 7 0 9
IN-Z|=6 1 6 0 8
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Table 2 The parameter value in the empirical formula of Coulomb en-
ergy and its standard error (MeV)

S5 ai ax az ash

Eq. 4) 0.619+0.026 - - -
Eq. (6) 0.687+0.009 - - -
Eq. (9) 0.451+0.003 -0.325+0.034
Eq. (11) 0.450+0.003 -0.321+0.033 —-0.075+0.035 -

Eq. (14) 0.451+0.003 -0.480+0.033 —-0.075+0.035 -

Eq. (15) 0.451+0.003 —-0.327+0.034 - -0.076+0.070
Eq. (16) 0.452+0.003 —-0.481+0.033 —0.069+0.036 —0.041+0.072

®3 FLraB AN RIEEMeV)
Table 3 The root mean squared error of the Coulomb energy empirical
formula (MeV)

it sd fp sd+fp
Eq. (4) 0.578 0.575 0.577
Eq. (6) 0.305 0.228 0.273
Eq. (9) 0.243 0.175 0.215
Eq. (11) 0.231 0.171 0.206
Eq. (14) 0.233 0.17 0.207
Eq. (15) 0.239 0.171 0.211
Eq. (16) 0.227 0.175 0.205
FRDM [17] 0.739 0.452 0.585
ws4 221 0.880 0.471 0.666
KTUY05 23] 0.320 0.869 0.702
Dz [24-26] 0.494 0.492 0.493
ETFSI12 7] 1.143 1.634 1.606
HFB21 (28] 1.103 0.716 0.892
SLy4 [29:30] 1.100 1.595 1.428
SkM* 29,301 2.124 3.239 2.851
Skp [29.301 1.174 1.687 1.521
RCHB B! 0.444 0.790 0.664
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Figure 1 (Color online) The calculated ACDE values for mirror nuclei
in sd and pf shells by egs. (4), (6), (9) and (15). The results have been
separated in six groups according to the difference between neutron and
proton numbers |[N — Z|. The estimated values in mass table in ref. [32]
are indicated by the empty black square, and the experimental data have
been noted by solid black squares. The negative ACDE indicates that the
theoretical result is smaller than the experimental data, and vice versa.
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Figure 2 (Color online) Same as Figure 1, but for CDEs by calculated
egs. (11), (14) and (16).
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Figure 3 (Color online) Contributions to CDE for A=31 and 51 mirror

nuclei by each term in eq. (14).
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Figure 4 (Color online) The difference between calculated and experi-
mental CDE:s for sd and pf shell nuclei.
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Figure 5 (Color online) ACDE is the average value obtained by the
discrepancies between theoretical and experimental values, and the cor-
responding standard deviation is used as the error bar. In the figure, it is
the ACDE obtained by Coulomb energy empirical formulas. Open points
connected with solid lines are for the cases including both experimental
and estimated values in the mass table of ref. [32]. The results for sd and
fp shell nuclei are labeled as “sd” and “fp” in the plot. Filled points con-
nected with dashed lines are for the cases excluding the estimated values.
The results for sd and fp shell nuclei are labeled as “sd’”” and “fp’” in the
plot.
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Table 4 The mean and standard error of ACDE experimental value
(MeV)

Y sd fp sd+fp
Eq. (4) 0.281 +0.138  —0.521 £0.164 —0.063 + 0.425
Eq. (6) 0.024+0.030  0.116£0.053  —0.036 + 0.081
Eq. (9) —-0.099 +0.037  0.145£0.058  0.005 +0.130
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SkM* 29301 _] 837 +0.448 —2.443 £0.304 —2.096 + 0.494
SkP 29301 0994 +0.439 -0.934+0412 —0.968 + 0.428
RCHBB! 0016 +0.062 -0.234+0.088 —0.109 + 0.131
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Systematic study of Coulomb displacement energy based
on the Coulomb energy empirical formula and
mass model

MENG YuHang!?, WANG XiaoBao?", TU Ya! & DONG GuoXiang*"

1School of Physical Science and Technology, Shenyang Normal University, Shenyang 110034, China;
2School of Science, Huzhou University, Huzhou 313000, China

In this study, starting from the nuclear binding energy, we studied the empirical formula of the Coulomb energy systemati-
cally. Beginning with the simplest empirical formula, we added the Coulomb exchange term, pairing correlation, and shell
correction, to calculate the Coulomb energy more precisely. In addition, we investigated the Coulomb displacement energy
of widely used mass models. The discrepancies between the calculation results and experimental data might be caused
by the missing of the isospin breaking terms of strong interactions in theory. By investigating these discrepancies, we
found that the results obtained by microscopic theories presented a distinctive systematical behavior. Thus, these theories
can be improved by including isospin breaking terms. However, in the results obtained by phenomenological models, the
systematical behavior is unclear. This occurs because it is difficult for the information of the microscopic nuclear structure
to be absorbed into the parameters of phenomenological models.

Coulomb energy empirical formula, mirror nuclei, Coulomb displacement energy, mass model
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