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O ABSTRACT 0O

Americium (Am), an artificial element and therefore for which no standard atomic weight
can be determined, most of its isotopes decay by emitting alpha particles. Like all artificial
elements, Am has no known stable isotopes. As early as 1911, Geiger and Nuttall gave a
linear relationship between the logarithm of the half-life and the energy of alpha decay,
which was then called the Geiger—Nuttall law. In 1966, Viola—Seborg generalized the
Geiger—Nuttall law and proposed the Viola—Seborg formula. The half-lives calculated for
the preferred o decay of even—even nuclei by this formula agree well with experimental
data. Royer's formula, one of the most popular generalizations, is widely used in
calculating and predicting alpha decay half-lives.

We calculated the alpha decay half-lives of americium isotopes (Z = 95) with mass
numbers ranging from 223 to 243, using a developed formula similar to Royer's formula.
Our investigation used the Coulomb potential and the centrifugal potential resulting from
the nuclear layer model to obtain the developed formula for calculating the half-lives of the
unfavorable alpha decay of americium isotopes. Our calculations took into account the
experimental values of Q,(MeV). We analyzed the behavior of the angular momentum Im
and its effect on the half-lives of unfavored alpha decays and also examined the effect of
the presence of neutrons in subshells immediately following a subshell ending with a
magic number. Based on this, we were able to calculate the half-lives of the unfavorable
alpha decay of americium (?23~2¢3Am) with a better standard deviation than that obtained
by the Royer's formula and (Royer-am) improved formula.
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P
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2ONp—**°Pa 6.781 4* 1 46m 2.472
BINp—»**'Pa 6.351 512F | 5/2 48.8m | 3.498
22Np—>*Pa 6.011 5 3 147m | 2977
23Np—°*Pa 5.628 512 | 5/2° 36.2m | 3.368
“Np—*'Pa 5.194 512F | 312 396.1d | 7.566

28Np—»22Pa 5.008 6 2
#'Np—"**Pa 4.958 512F | 312
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2.144My | 13.862
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28Np—>Pa 4.597 52° | 32 2.356d | 4.340
“INp—>>"Pa 4.367 5/2° | 1/2° 13.9m | 2.953
2ZAm—?Np | 10.835 | 92" | 9/2 10ms | -1.968
2Am—“Np | 10.355 I T 1ms | -1.968
25Am—>?INp | 10055 | 972" | 9/2 100 us | -2.968
225 Am—***Np 9.275 I T 100 us | -3.968
#TAm—**Np 9.095 92 | 912 20ms | -3.968
8 Am—"*'Np 8.393 2 2 100ms | -1.667
2 Am—"*Np 8.135 512 | 912 18s | -0.968
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(1)dgaad) aqts
Nucleus Qu(MeV) jg i ér Imin TP | logT®®
22Am—?Np | 7.165 T 4" 3 | 131m | 1.810
Am—?°Np | 7.065 5/27 | 5/2° 1 32m | 1.927
4 Am—"Np | 6.795 0 4" 5 |232m | 2315
25Am—>INp | 6.575 512 | 5/2° 1 [103m | 2175
ZAm—>’Np | 6.255 5 5 0 36m | 2.822
ZTAm—"Np | 6.195 512 | 5/2°F 1 | 736m | 2.366
28 Am—>'Np 6.04 1¥ 0" 2 98m | 3.676
Am—>™°Np | 5.922 512 | 5/2° 1 11.9h | 3.801
20Am—2Np | 5.705 3 6 4 50.8h | 4.663
Am—='Np | 5.637 52 | 5/2° 1 [ 4326y | 520
BAm—>"Np | 5.439 512 | 5/2° 1 |7.350ky | 10.167
23Bk—"*Am 7.935 312 | 5/2 2 40s | 11.397
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2428k 38 Am 6.905 3* 1* 2 70m | 2.655
28BKk—2¥Am 6.875 312 5/2° 2 46h | 4.251
24BKk—2%Am 6.779 & 3 2 502h | 4.288
25Bk—2"1Am 6.455 32 5/2° 2 495d | 5.663
2BKk—22Am 6.077 2 1T 2 1.80d | 5.223
#7Bk—*"Am 5.89 3127 | 5/ 2 | 1.38ky | 10.670
#8Bk—>2*Am 5.826 6 6 1 9y 8.485
29BKk—2*Am 5.521 7127 | s2° 2 327.2d | 7.483
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Nuclei Qa(MeV) Imin TEXP |OgTexp |Ongre |OgTRoyer |OgTRoyer—am
*3Am | 10.835 1 | 10ms | -1.968 | -5.072 -7.255 -6.588
Am | 10.355 0 1ms | -2.968 | -4.243 -5.946 -5.766
“>Am | 10.055 1 | 100ps | -3.968 | -3.858 | -5.524 -5.410
“Am | 9.275 0 | 100ps | -3.968 | -2.630 | -3.177 -3.050
TAm | 9.095 0 |20ms | -1.668 | -2.193 -3.080 -2.960
“Am | 8393 0 |100ms| -0968 | -1.071 | -0.531 -0.454
“Am | 8.135 2 1.8s 0.287 -0.490 | -0.210 -0.192
“9Am | 7.405 1 1m 1.810 1.070 2.333 2.470
“2Am | 7.165 3 | 131m | 1.927 1.342 3.928 4.558
“Am | 7.065 1 |32m | 2315 1.946 3.634 3.772
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“*Am | 6.795 5 |232m | 2.175 2.655 5.492 5.450
““Am | 6.575 1 |103m | 2.822 3.440 5.704 5.846
“Am | 6.255 0 |36m]| 2366 4.167 8.043 7.952
“'Am | 6.195 1 | 736m | 3.677 4.513 7.470 7.838
2B Am 6.04 2 | 98m 3.801 5.070 9.133 9.019
“Am | 5.922 1 | 119h | 4.663 5.449 8.836 8.983
“°Am | 5.705 4 |508h| 5.294 6.284 10.976 10.826
“"Am | 5.637 1 |4326y| 10.167 | 6.668 10.370 10.519
““Am | 5.439 1 |7.35ky| 11.397 | 7.747 11.498 11.536
Royer-am Royer
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