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The Development of Semi — Empirical Relationship for the Determination
of the Half —Lives of Even — Even Heavy Nuclei that Emit Alpha — Particles

Firas Mohammed Ali AL-Jomaily, Mayan Ibraheem Khalil Al-Hobaity*
Department of Physics, College of Science, Mosul University, Mosul, Iraq

Abstract

The study involved the determination of the half — lives Logarithm for heavy
even — even nuclei that contain atomic numbers in the range between 82 <Z <
102 through revisiting of the one particle model suggested by Gurney Condon and
Gamow in 1928. This model is based upon the formation of an alpha particle in the
parent nucleus before its tunneling decay. In addition, a simple modification process
is done on the nucleus radius. in which it was found that the nucleus radius (2%)
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will change the decay constant value (2-3 times) which will greatly affect the
nucleus half-life logarithm as well as its effect on the inverse proportion between the
nucleus radius and the potential barrier rise. The half — life logarithm for the nuclei
being studied was determined, through several common models that belong to
another studies alongside our proposed (present work) Model (P.W.M) that contains
semi — empirical relation based on the Geiger & Nutall rule. That is with suitable
constants that were obtained through trial and error as the model contain a term

represented by the relative neutrons excess (N;Zp) which was extremely important

in half life logarithm suitability and its approach to experimental values. The
comparison process depending on statistical procedures that we undertook as in the
calculation of root mean square deviation (rmsd) as well as the standard deviation
(o) alongside the relation between the theoretical and experimental half-life
logarithm ratio .Results showed that the half-life logarithm increases with the
increase in neutrons numbers (N) for all nuclei except those that contain magic
numbers in their atomic numbers (Z) or neutron numbers (N) or both. The fitting
equations that link between theoretical and experimental half-life logarithm and for
two Model (P.W.M) and (K.M), were obtained.

Keywords: Alpha — decay theory, One — Body Model, Super heavy nuclei, Half —
Life.
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I 186,82,104 6.47 0.68 -1.2069 -0.0211 0.1799 I

190,82,108 5.697 425 22649 3.4701 3.633
192,82,110 5221 6.57 4797 6.0148 9.104
19482116 4738 9.99 7.7541 3.9862 5.9927
210,82,128 3.792 16.57 14.863 16.1457 16.1433

I 190,84,106 7.693 -2.59 -4.9918 -3.7998 -3.6062 I
194,84,110 6.987 -0.38 -2.5678 -1.3604 -1.2007

I 198,84,114 6.309 2.27 0.1443 1.3682 1.4934 I
202,84,118 5.701 513 29818 4.2223 4313

I 204584,120 5.37 4.1 47356 5.9858 6.0581 |

I 206,384,122 5.327 7.14 4.9373 6.1912 6.251 I
208,84,124 511 7.96 6.1808 6.1912 7.486

I 210,84,126 53 7.07 5.0058 6.2658 6.3024 I
212,84,128 8.954 -6.52 -9.2189 -8.0098 -7.9308
216,84,132 6.906 -0.84 -2.9271 -1.5016 -1.4695
198,86,112 7.349 -1.18 -3.1514 -1.9258 -1.7856
206,86,120 6.384 2.74 0.5674 1.8192 1.8975

I 210,86,124 6.159 3.95 15173 2.7786 2.8301 I
214,86,128 9208 -6.57 -9.2148 -7.9883 -7.9191
218,86,132 7.263 -1.46 -3.2779 -2.0232 -1.999
222,86,136 5.59 5.52 4.1596 5.448 5.422
210,88,122 7.152 0.57 -1.8263 -0.5634 -0.4976

I 212,88,124 7.032 1.18 -1.399 -0.1315 -0.079 I
214,88,126 7273 0.39 -2.378 -1.1113 -1.0666
218,88,130 8.546 -4.59 -6.7309 -5.4749 -5.4365
222,88,134 6.679 1.59 -0.1552 1.1313 1.1225
22488136 5.789 5.52 4.0574 53627 5.3269
226,88,138 4871 10.73 9.5718 10.9008 10.8331
218,90,128 9.849 -6.96 -9.5359 -8.2762 -8.2262
222,90,132 8.127 -2.69 -4.7378 -3.4543 -3.445
226,90,136 6.45 3.39 1.7024 3.0159 2.9786
228,90,138 5.52 3.825 6.4979 7.8324 7.766
230,90,140 477 12.49 11.3462 12.7018 12.6561
232,90,142 4.083 18.55 16.9175 18.297 18.1694
226,92,134 7.701 -0.57 -2.5472 -1.2354 -1.2561
228,92,136 6.803 2.9 0.989 2.3169 22717
230,92,138 5.933 6.43 5.1605 6.507 6.435
232,92,140 5414 95 8.1017 9.4621 9368
234,92 142 4.358 13.04 11.7712 13.1483 13.0294
236,92,144 4.49 14.87 14.5558 15.9462 15.806
238,92,146 427 17.25 16.3757 17.7757 17.6179
23494140 6.31 5.89 4.0977 5.46 53702
238,094,144 5.593 9.59 7.9392 9.3215 9.1955
240,94,146 5.17 11.316 10.5865 11.9816 11.8348
24294148 4.985 13.18 11.8273 13.2298 13.0676
244,94, 150 4.66 15.37 14.6974 16.1135 15.4527
238,96,142 6.62 5.51 3.4426 4.822 47128
242,96,146 6.216 7.28 5374 6.7662 6.628
244,96,148 5.8 8.755 7.623 9.0265 8.8691
246,96,150 5.475 11.26 9.5497 10.9632 10.7879
248,96,152 5.05 16.09 12.3628 13.7896 13.5932
240,98,142 7.719 2.03 -0.4268 0.9457 0.849
246,98,148 6.862 421 3.0598 4.4628 43114
248,98,150 6.361 7.56 5.4597 6.8744 6.7033
250,098,152 6 8.49 73637 8.7883 8.5995
252,98,154 6.217 .01 6.1336 7.5563 73616
246,100,146 8.378 0.17 -2.1608 -0.7636 -0.8959
248,100,148 3.002 1.66 -0.8459 0.559 0411
250,100,150 7.557 338 0.8469 2.2609 2.0958
252,100,152 7.17 3.254 24431 3.8658 3.6841
254,100,154 7.301 414 1.8036 3.2266 3.0667
256,100,156 7.25 4.405 2.0126 3.4391 3.238
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252,102,150 8.55 0.74 -2.1008 -0.6814 -0.8469
254,102,152 8.226 1.82 -0.9914 0.4349 0.2546
256,102,154 8.581 0.53 -2.2897 -0.8656 -1.0515

slae! aiple sl Ayl il (s Ajlies MV s gyl il culilal Lyl adlly iy sl aae s 4,0 LESH 2acY) =Y Jgaa
(PW.M) 5 (RM) 5 (W.M) #3503 Ganen dylaill sl pe 553 il

AZN Q. (MeV) logT(exp.) logT(calc.) for W.M logT(calc.) for log T (calc.)for KM
R.M
I 186,82,104 6.47 0.68 0.0056 0.348 0.5826 0.2561
190,82,108 5.697 425 3.4479 3.5928 3.8751 3.6344
I 192,82,110 5.221 6.57 5.9382 5.9586 6.1811 6.09
194,82,116 4.738 9.99 8.8396 8.7219 9.1226 8.9553
210,82,128 3.792 16.57 16.0536 15.3877 16.0239 15.9437
190,84,106 7.693 -2.59 -3.4749 -3.0723 -2.8894 -3.2658
194,84,110 6.987 -0.38 -1.0625 -0.8073 -0.6166 -0.8971
I 198,84,114 6.309 2.27 1.6256 1.7271 1.9453 1.7487
202,84,118 5.701 5.13 4.4335 4.3792 4.6441 4.5151
I 204,84,120 5.37 4.1 6.1589 6.0182 6.3191 6.2208
206,84,122 5.327 7.14 6.3947 6.2097 6.518 6.4326
I 20884124 5.11 7.96 7.6301 7.373 7.7115 7.647
I 210,84,126 5.3 7.07 6.5443 6.2804 6.5968 6.5332
212,84,128 8.954 -6.52 -7.0506 -6.9703 -6.7048 -7.1284
I 216,84,132 6.906 -0.84 -0.7623 -0.9312 -0.7066 -0.8694
198,86,112 7.349 -1.18 -1.4576 -1.2451 -1.0992 -1.3427
206,86,120 6.384 2.74 2.2572 2.2326 2.419 2.3072
210,86,124 6.159 3.95 3.2466 3.1246 3.3298 3.2564
214,86,128 9.208 -6.57 -6.8896 -6.8611 -6.6415 -7.0275
I 218,86,132 7.263 -1.46 -1.1569 -1.3287 -1.1523 -1.2882
222,86,136 5.59 5.52 6.0101 5.6073 5.8751 5.8997
210,88,122 7.152 0.57 0.1367 0.1076 0.2289 0.1188
212,88,124 7.032 1.18 0.583 0.5088 0.6361 0.5474
214,88,126 7.273 0.39 -0.3022 -0.324 -0.2747 -0.3769
218,88,130 8.546 -4.59 -4.3388 -4.443 -4.3032 -4.5792
222,88,134 6.679 1.59 1.9652 1.6838 1.8368 1.8285
224,88,136 5.789 5.52 5.9949 5.6109 5.8302 5.8986
226,88,138 4.871 10.73 11.2601 10.7533 11.1065 11.2243
218,90,128 9.849 -6.96 -6.866 -6.9513 -6.8155 -7.1448
222,90,132 8.127 -2.69 -2.2735 -2.4834 -2.3987 -2.4996
226,90,136 6.45 3.39 3.8668 3.5163 3.6493 3.7284
228,90,138 5.52 8.825 8.4223 7.9855 8.2135 8.3609
230,90,140 4.77 12.49 13.0294 12.506 12.8672 13.0463
232,90,142 4.083 18.55 18.32 17.7027 18.2509 18.4305
226,92,134 7.701 -0.57 -0.0409 -0.3418 -0.2982 -0.2813
228,92,136 6.803 2.9 3.3077 29512 3.0282 3.1373
230,92,138 5.933 6.43 7.2525 6.837 6.9889 7.1689
232,92,140 5414 9.5 10.0463 9.5789 9.8031 10.0172
234,92,142 4.858 13.04 13.523 12.9999 13.3309 13.5677
236,92,144 4.49 14.87 16.1713 15.5977 16.0212 16.2666
238,92,146 4.27 17.25 17.9156 17.2968 17.7862 18.0361
234,94,140 6.31 5.89 6.3984 5.9483 6.0354 6.2568
238,94,144 5.593 9.59 10.0537 9.53 9.7095 9.9877
240,94,146 5.17 11.316 12.5584 11.9978 12.2529 12.5534
242,94,148 4.985 13.18 13.7528 13.1565 13.6336 13.7643
244,94,150 4.66 15.37 16.4655 15.3882 16.2237 16.0854
238,96,142 6.62 5.51 5.938 5.439 5.4708 5.7364
242,96,146 6.216 7.28 7.804 7.2421 7.3176 7.6276
244,96,148 5.8 8.755 9.9256 9.3377 9.4686 9.809
246,96,150 5.475 11.26 11.7488 11.1339 11.3187 11.6803
248,96,152 5.05 16.09 14.3936 13.7554 14.0268 14.4058
240,98,142 7.719 2.03 2.4895 1.9389 1.8717 2.1054
246,98,148 6.862 421 5.8163 5.1896 5.177 5.5088
248,98,150 6.361 7.56 8.0654 7.4242 7.461 7.8349
250,98,152 6 8.49 9.8579 9.1981 9.2819 9.6839
252,98,154 6.217 8.01 8.7617 8.0576 8.1144 8.5145
246,100,146 8.378 0.17 1.1157 0.4322 0.3133 0.5612
248,100,148 8.002 1.66 2.3586 1.6568 1.5488 1.8422
250,100,150 7.557 3.38 3.9478 3.2327 2.3992 3.4869
252,100,152 7.17 3.254 5.4485 4.7192 4.6561 5.0389
254,100,154 7.301 4.14 4.8997 4.1283 4.058 4.4673
256,100,156 7.25 4.405 5.1284 4.3258 4.261 4.6547
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252,102,150 8.55 0.74 1.3955 0.5917 0.4337 0.7422
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—&— pb log(T)exp.
—ill— pb log(T)calc.
po log(T) exp.
—— po log (T) cal.
—¥— Rn log(T)exp.
—@— Rn log(T)calc..
—— Ra log(T)exp.
Ra log(T)calc.
—— Th log(T)exp.
—&— Thlog(T)calc.
—— U log(T)exp.
] —&— U log(T)calc.
—l— Pu log(T)exp.
175 —¥— Pu log(T)calc.
—@&— Cm log(T)exp.
—f— Cm log(T)calc.
—a&— Cf log(T)exp.
—&— Cf log(T)calc.
Fm log(T)calc.
No log(T)exp.
N —>¢— No log(T)calc.

log[ T(sec)]

e
o O
\ !

- (0-B.M)) zisail covn Byl = Lng 3l osill N iy figaill ae ga il yae Sple sl 3le— ) JSA&)

—— pb log(T)exp.
—— pb log(T)calc.
—— po log(T )exp.
—&— po log (T) cal.
—*— Rn log(T)exp.
—&— Rn log(T)calc..
—— Ra log(T)exp.
Ra log(T)calc.
—@— Th log(T)exp.
—— Th log(T)calc.
—&— U log(T)exp.
—— U log(T)calc.
—a— Pu log(T)exp.
—o— Pu log(T)calc.
—&— Cm log(T)exp.
—&— Cm log(T)calc.
—&— Cf log(T)exp.
—o— Cf log(T)calc.
Fm log(T)exp.
Fm log(T)calc.
No log(T)exp.
—¢— No log(T)calc.

. log [ T(sec)]

(0-B.My) zisal crun Hung3ll — Gy )l N i jiguil 230 e cauail) jae siple sl ale — ¥ JSA)

—— pb log(T)exp.
—@— pb log(T)calc.
—a— po log(T )exp.
—&— po log (T) cal.
—%— Rn log(T)exp.
—@— Rn log(T)calc..
—a— Ra log(T)exp.
—&— Ra log(T)calc.
—a— Th log(T)exp.
—— Th log(T)calc.
—@— U log(T)exp.
—a— U log(T)calc.
—o— Pu log(T)exp.
—— Pu log(T)calc.
—@— Cm log(T)exp.
Cm log(T)calc.
—@— Cf log(T)exp.
—— Cf log(T)calc.

log [ T(sec)]

Fm log(T)exp.
Fm log(T)calc.

-10 - No log(T)exp.
N —— No log(T)calc.
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—— pb log(T)exp.
20 _ —— pb log(T)calc.
—— po log(T )exp.
—&— po log (T) cal.
—%— Rn log(T)exp.
—=e— Rn log(T)calc..
—+—— Ra log(T)exp.
Ra log(T)calc.
—a— Th log(T)exp.
—&— Thlog(T)calc.
—@— U log(T)exp.
—a— U log(T)calc.

>(X3< —o— Pu log(T)exp.

T ] —&— Pu log(T)calc.

—o0— Cm log(T)exp.

155 175 —&— Cm log(T)calc.
—o— Cf log(T)exp.
—&— Cf log(T)calc.
Fm log(T)exp.

Fm log(T)calc.

No log(T)exp.
N —— No log(T)calc.

log[ T(sec)]
(6]

-
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| |
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—¥— Rn log(T)exp.
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—+— Ra log(T)exp.
Ra log(T)calc.
—=—Th log(T)exp.
Th log(T)calc.
—&— U log(T)exp.
U log(T)calc.
Pu log(T)exp.
w Pu log(T)calc.
Cm log(T)exp.
165 Cm log(T)calc.
—— Cf log(T)exp.
Cf log(T)calc.
Fm log(T)exp.
Fm log(T)calc.
N No log(T)exp.
—¢— No log(T)calc.

log [ T(sec)]
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Fm log(T)exp.
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—— No log(T)calc.

(6]
|

log [ T(sec)]

o
|

©

1
(6)]
|

N

o
L

Z

(KM) z35a8 on Zn il — Gml) ssill N il gl dae e il jee piples) 3Ble —1 JSA)

Ay



Vo dndiac 1z 22all ¢ 56 2UseiQ015 pslell il ol Unall aually Lian)
V1T

20 - —e—pb log(T)exp.
—— pb log(T)calc.
po log(T )exp.
po log (T) cal.
—*— Rn log(T)exp.
—e— Rn log(T)calc..
—+— Ra log(T)exp.
Ra log(T)calc.
==¢==Th log(T)exp.
—o— Th log(T)calc.
—— U log(T)exp.
—a— U log(T)calc.
—o— Pu log(T)exp.
1 Pu log(T)calc.
Cm log(T)exp.
175 Cm log(T)calc.
—— Cflog(T)exp.
—— Cf log(T)calc.
Fm log(T)exp.
Fm log(T)calc.
No log(T)exp.
N ——No log(T)calc.
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