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A study of B-stability line and a-decay energy from the liquid drop model

and the nuclear sphere packing model

LUO Dang-Wei, BAI Li-Xin
(College of Physical Science and Technology, Sichuan University, Chengdu 610065, China)

Abstract: We used nuclear binding energy analytical formulas based on two nuclear structure models re-

spectively (liquid drop model and nuclear sphere packing model), and selected 90 nuclides on the p-sta-

bility line and 152 nuclides which have a-decay capability for model analysis. The results show that: for

B-stability line analysis, nuclear sphere packing model can better explain the relationship between proton

number Z and atomic mass A than liquid drop model., while liquid drop model works better on « decay

energy analysis.
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Fig. 1  Error comparison of proton number under

the B-stability line between two nuclear

structure models: (a) proton numbers be-

tween 10 and 49; (b) proton numbers be-

tween 50 and 99
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Tab.1 Comparison of the calculated and experimental results for the o-decay energy (in MeV) of the two nuclear structure models
T A5 Y BRME AR B YR T 5 AR BRME AR 7Y

B#  Eiap BHR Eacop

Eaq wRE/ % Eg RE/% Ea B2/ % Eq RE/ %
1 Bi 6. 7784 7.0570 4. 11 9.0213 33.09 #"Pa 8. 4888 7.8837 —7.13 8. 8477 4.23
' Bi 5.9183 6.5791 11.17 7.7685 31. 26 §t°Pa 6.9868 6.4079 —8.29 5.8949 —15.63
' Bi 5. 3467 5. 3879 0.77 5.2807 —1.23 &' Pa 6. 5804 6.2376 —5.21 5.6138 —14.69
{12 Po 7.3196 7.5034 2.51 9.5673 30. 71 it Pa 6.2645 6.0662 —3.17 5.3411 —14.74
{14 Po 6. 9870 7.1972 3.01 8.6901 24,38 " Pa 5. 8349 5.8938 1.01 5.0765 —13.00
{1°Po 6. 6580 6.8811 3.35 7.8681 18.18 §#tU 8.6198 7.3906 —14. 26 7.5493 —12.42
#°Po 5.9814 6.2225 4.03 6.3764 6. 60 U 8.0146 7.2273 —9.82 7.2249 —9.85
2 Po 5.7011 5.8812 3.16 5.7005 —0.01 U 7.7010 7.0627 —8.29 6.9101 —10. 27
#'Po 5.4848 5.5330 0. 88 5.0674 —7.61 #B'U 7.2113 6. 8969 —4. 36 6.6047 —8.41
75 Po 5.3270 5.1782 —2.79 4.4744 —16.01 35U 6.8035 6. 7300 —1.08 6.3082 —7.28
73 Po 5.2153 4. 8174 —7.63 3.9190 —24. 86 U 6.4754 6.5619 1.34 6.0206 —7.02
425 At 7.1980 7.4924 4. 09 9.5781 33.07 U 5.9927 6.3927 6.68 5.7414 —4.19
T AL 7.1037 7.3379 3. 30 9.1443 28.73 #2U 5.4136 6.0514 11.78 5.2076 —3.81
428 At 6.5901 7.1812 8.97 8.7241 32.38 #H'U 4.8577 5.7062 17. 47 4.7048 —3.15
300 At 6.3538 6.8610 7.98 7.9231 24.70 F#5U 4.5723 5.3576 17.18 4.2314 —7.46
22 At 6.2100 6.5325 5.19 7.1718 15.49 #°Np 8.1973 7.7016 —6.05 7.9972 —2.44
AL 6.0703 6.1963 2.08 6.4672 6. 54 5" Np 7.8164 7.5405 —3.53 7.6657 —1.93
3% At 6.0195 6.0256 0.10 6.1314 1. 86 5" Np 7.0140 7.2144 2.86 7.0315 0. 25
225 At 5. 8869 5.8532 —0.57 5.8063 —1.37 #°Np 6.7781 7.0497 4.01 6.7283 —0.73
27T At 5.8724 5.6791 —3.29 5.4914 —6.49 #!'Np 6.3684 6. 8837 8.09 6.4340 1.03
205 At 5.7510 5.5035 —4.30 5. 1865 —9.82 #°Pu 7.1799 7.6912 7.12 7.7847 8.42
209 At 5.7569 5.3264 —7.48 4.8912 —15.04 12 Pu 6.7159 7.3670 9.70 7.1553 6. 54
2o At 5.6312 5. 1480 —8.58 4.6053 —18.22 §1° Pu 6.4163 7.2032 12. 26 6.8542 6. 83
{8 Rn 7.3493 7.7858 5.94 10. 0835 37. 20 §'Pu 6.3010 7.0384 11.70 6.5619 4.14
{9 Rn 7.1362 7.6337 6.97 9.6413 35. 10 F°Pu 5.8671 6. 7056 14. 29 6.0024 2.31
#°Rn 7.0433 7.4793 6.19 9.2129 30. 80 F1Pu 5.5932 6. 3690 13. 87 5.4749 —2.11
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%' Rn 6.8607 7.3226 6.73 8. 7980 28. 24 #°Pu 5. 2445 6.1994 18. 21 5.2226 —0.42
82 Rn 6.7737 7.1639 5.76 8. 3960 23.95 §1°Pu 5.2558 6.0290 14.71 4.9776 —5.29
5 Rn 6.6298 7.0031 5.63 8.0065 20.77 §12Pu 4,.9846 5.6857 14.07 4.5086 —9.55
#'Rn 6.5464 6.8403 4.49 7.6292 16. 54 538 Am 6.0417 7.0290 16. 34 6.4097 6.09
5 Rn 6.3861 6.6756 4.53 7.2638 13.74 389 Am 5.9224 6.8632 15. 89 6.1357 3. 60
55 Rn 6.3838 6.5091 1.96 6.9097 8. 24 519 Am 5.7076 6.6966 17. 33 5.8696 2.84
#"Rn 6.2511 6.3408 1.44 6.5667 5.05 # Am 5.6378 6.5290 15. 81 5.6111 —0.47
53 Rn 6.2607 6.1709 —1.43 6.2345 —0.42 55 Cm 6.6702 7.6745 15. 06 7.4096 11.08
3Rn 6.1555 5.9994 —2.54 5.9126 —3.95 #0°Cm 6.3978 7.3500 14. 88 6.8238 6. 66
92 Fr 7. 3886 7.7755 5.24 9.7093 31.41 5 Cm 6.1852 7.1863 16. 18 6.5433 5.79
9 Fr 7.2748 7.6212 4.76 9.2861 27.65 §2Cm 6.2156 7.0216 12.97 6.2708 0. 89
@' Fr 7.1704 7.4648 4. 11 8.8761 23.79 53 Cm 6.1688 6.8561 11. 14 6.0061 —2.64
W Fr 7.0546 7.3063 3.57 8.4788 20.19 F'Cm 5.9017 6. 6898 13.35 5.7489 —2.59
W Fr 6.9234 7.1460 3.21 8.0937 16. 90 5°Cm 5.6230 6.5227 16. 00 5.4990 —2.21
9 Fr 6.8930 6.9837 1.32 7.7207 12.01 §5Cm 5.4751 6.3548 16. 07 5.2562 —4.00
S Fr 6. 7847 6.8196 0.51 7.3591 8. 47 55 Cm 5.1617 6.0168 16. 57 4.7912 —7.18
89 Fr 6.7774 6.6538 —1.82 7.0088 3.41 5° Bk 6.8743 7.5070 9. 20 6.9576 1.21
HOFr 6.6716 6.4863 —2.78 6.6693 —0.03 5Bk 6.7788 7.3443 8. 34 6.6787 —1.48
G Fr 6.6622 6.3172 —5.18 6. 3404 —4.83 #°Bk 6.4545 7.1808 11. 25 6.4077 —0.73
P2Fr 6.5289 6.1466 —5. 86 6.0216 —7.77 549 Bk 5.5234 6.5188 18.02 3977 —2.28
8 Ra 7.6366 8. 0699 5.67 10. 2133 33.74 §42Cf 7.5168 8.3018 10. 44 8. 2854 10. 23
§¥° Ra 7.4864 7.9179 5.76 9.7818 30. 66 580 Cf 7.4181 8. 1440 9.78 7.9746 7.50
{3 Ra 7.4152 7.7638 4.70 9. 3637 26. 28 gitct 7.3289 7.9851 8.95 7.6725 4. 69
2 Ra 7.2733 7.6076 4. 60 8.9583 23.17 o Ct 7.2584 7.8253 7.81 7.3789 1. 66
#°Ra 7.2731 7.4496 2.43 8. 5655 17.77 F4°Cf 6.8616 7.6647 11.70 7.0935 3.38
8°Ra 7.1430 7.2896 2.05 8. 1847 14.58 s Ct 6.3612 7.3407 15. 40 6.5463 2.91
§°Ra 7.1508 7.1279 —0.32 7.8156 9. 30 5o Ct 6.2962 7.1775 14. 00 6.2841 —0.19
%' Ra 7.0418 6.9645 —1.10 7.4578 5.91 50 Cf 6.1284 7.0135 14. 44 6.0293 —1.62
#’Ra 7.0316 6.7994 —3.30 7.1110 1.13 52 Cf 6.2169 6.6834 7.50 5. 5407 —10. 88
2 Ra 6.8618 6.6327 —3.34 6.7749 —1.27 530 Cf 6.1260 6.5173 6.39 5.3066 —13.38
g'Ra 7.2725 6.4645 —11.11 6.4491 —11.32 s Ct 5.9268 6.3506 7.15 5.0790 —14. 31
30 Ac 7.6072 7.7512 1. 89 9. 0446 18. 89 F0Es 7.7421 8.2994 7.20 8.1075 4.72
gt Ac 7.6216 7.5935 —0.37 8. 6560 13.57 §7Es 7.4622 8. 1415 9.10 7.8071 4.62
g2 Ac 7.5188 7.4341 —1.13 8.2792 10.11 S Es 7.1605 7.9827 11.48 7.5151 4.95
8% Ac 7.4993 7.2730 —3.02 7.9139 5.53 §°Es 6.9363 7.8231 12.78 7.2311 4. 25
gt Ac 7.3521 7.1102 —3.29 7.5597 2.82 8 Es 6.5978 7.5013 13.69 6.6866 1. 35
5°Th 8. 0689 8.3561 3.56 10. 3617 28.42 $3Es 6.7392 7.1764 6.49 6.1718 —8.42
5! Th 7.9429 8. 2044 3.29 9. 9401 25. 14 H'Es 6.6157 7.0129 6. 00 5.9250 —10. 44
52 Th 7.9580 8. 0508 1.17 9.5312 19.77 #°Es 6.4363 6. 8488 6.41 5. 6850 —11.67
39Th  7.8390  7.8954 0.72 9.1347 16.53 HiFm  8.3769  8.9206 6. 49 9.1905 9.71
§' Th 7.8271 7.7383 —1.14 8.7501 11.79 700 Fm 8. 2576 8. 7665 6.16 8. 8657 7.36
5°Th 7.6646 7.5794 —1.11 8.3771 9.30 768 Fm 7.9945 8.6115 7.72 8.5498 6.95
#°Th 8.0724 7.4189 —8.10 8.0155 —0.71 740 Fm 7.7087 8. 4555 9.69 8.2426 6.93
58 Th 5.5201 5. 3868 —2.41 4.4383 —19.60 730 Fm 7.5565 8. 2986 9.82 7.9438 5.13
5 Th 5.1676 5.2102 0. 82 4.1953 —18.82 730 Fm 7.4251 8. 1408 9. 64 7.6533 3.07
5°Th 4.7698 5.0327 5.51 3.9596 —16.99 %% Fm 7.1527 7.9822 11. 60 7.3707 3.05
512 Pa 8. 4294 8. 6495 2.61 10. 8726 28.98 73 Fm 7.1980 7.8228 8. 68 7.0959 1.42
5" Pa 8.2709 8. 3486 0. 94 10. 0255 21. 21 73 Fm 7.3075 7.6626 4. 86 6. 8286 —6.55
51° Pa 8.2417 8.1954 —0.56 9.6209 16.73 733 Fm 7.2397 7.5017 3.62 6.5687 —9.27
§1°Pa 8.0970 8. 0404 —0.70 9.2284 13.97 738 Fm 7.0272 7. 3400 4.45 6.3159 —10.12
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