Lawrence Berkeley National Laboratory
Recent Work

Title
HINDRANCE FACTORS FOR ALPHA DECAY

Permalink
https://escholarship.org/uc/item/80z7c23d

Author
Michel, Helen V.

Publication Date
1960-05-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/80z7c23c
https://escholarship.org
http://www.cdlib.org/

UCRL -9229

UNIVERSITY OF
CALIFORNIA

Ernest Q,ﬂaammce
Radiation
Laborator

TWO-WEEK LOAN COPY .

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

BERKELEY, CALIFORNIA



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



PSR A e

) RN 44 e

5;."-7> :‘ L . : ?PW* "“ '-~ DR
Ty P N fg,

S6RL-9229

UNIVERSITY OF CALIFORNIA

Lawrence Radiation Laboratory
Berkeley, Ccalifornia

Contract No. . W-7h05-eng- -48

Ao

HINDRANCE FACTORS FOR ALPHA DECAY
Helen V. Michel

May, 1960

Printed for the U. S. Atomic Energy Commission



UCRL-9229
oo

%
HINDRANCE FACTORS FOR ALPHA DECAY
Helen V. Michel

Lawrence Radiation Laboratory .
University of California
Berkeley, California

May, 1960

The theoretical half livesfor alpha emission have been calculated for nearly
all of the complex alpha spectra. The spin independent (£4=0) equations of
Prestonl were used for the calculations. The nuclear radius for the even-even
nuclei was determined with the assumption that the alpha transition to the
ground state is unhindered; i.e., the hindrance factor = 1. For odd mass
nuclides the average of the nuclear radii of the adjacent even-even nuclides
was usea. .For odd-odd nuclides the average of the nuclear radii of the
adjacent odd mass nuclides of the same atomic number was used.

Table I contains the experimental data and results for the even-even
nuclides and Table IT has those for the odd mass and odd-odd nuclides. No
references are included for the experimental data since many of the alpha
groups are somewhat uncertain.

Column l.specifies the alpha emitting nuclide and the energy of the excited
state in the daughter nucleus.

In Column 2 is the alpha particle energy of the highest énergy group (in a
few cases the most intense group) which has been observed.

Column 3 cbntains the total alpha decay energy for the group listed in
column 2. This includes.the alpha particle emnergy, the nuclear recoil energy,
and a correction for the rearrangement of the electron orbitals during the
passage of the alpha particle through the coulomb barrier. This latter
quantity is dependent on Z and varies from 34 kev for Rn to 42.5 kev for Fm.

Column 4 contains the measured half life. If there are other modes of
decay, column 4 also contains the percent of alpha branching and the partial

half life for alphm emission.

*
This work was done under the auspices of the U.S. Atomic¢ Energy Commission
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Column 5 contains the measured relative alpha particle abundance.

Column 6 shows the calculated half life for each alpha group.

Colum 7 and column 8 indicaté the nuclear radius used in the calculation.

Column 9 contains the hindrance factor for the alpha decay for each
observed alpha group. This is simply the ratio of the experimental partial
half life for a given group to the calculated value. The experimental partial

half life for any alpha group can be determined from.columns ‘4 and 5.

Iy, A; Prestqn; Ph&s..Rev. TL, 865 (1947).



. Table I

. C

Alpha - Alpha - Total Experimental Relative Calculated .Radius R/Al[ 3 Hindrance
emitter particle alpha half-life abundance- half-life (fermis) (fermis) factor
energy decay a-branching (%)
(Mev) energy Q half-life _
’ (Mev) ‘
Fm?é 7.20 7.3578 3.2k h 85 3.81k b 9.355 1.4850  1.00
a 42 1k 5.722 h 4.0
@139 0.9 14.13 h 30
Cfgzg 6.112 6.2518 2.2 yr 84.5 2.599 vy 9.5014Lk  1.5123 1.033
o L3k %7%-g=2;27 , 155 .30 y 3.40
o 146 1/2 - 0.28 14.43 y 56
Cf§5g 6.024 6.1631 11 3 83 13.26 y 9.3489  1.4920 1.00
a b 17 22.38 y 2.9
a 1k2 0.32 73.29 ¥ g
féug 6.753 6.9057 35.7h 78 45.01 h . 9.306 1.4933 1.02
a 42.12 22 £8.29 h 2.4
o 140 © 0.16 183.7 h 1.2 x 10°
o 291 0.015 879.5 h 2.7 x 1Q2
Cméhg 5.798 5.9347 19y 76.7 24h. 77y - 9.31k 1.4987 1.000
o L2.88 23.3 41.98 y 1.94
Q 111.8 0.016 145.4 y 8.2 x 10°
a 292 hx1073 993.2 y 5 x 102

6226-T900



Table I (contd.) .
Alpha Alpha Total ‘Experimental Relative Calculated Radius R/Al[ 3 ‘Hindran_ce
emitter  particle alpha  half-life abtindance  half-life (fermis) (fermis) - factor
energy decay g-branching (%)
(Mev) energy O half-life
7 (Mev) v ' .‘
cmé}g 6.110 6.2528 162.5 4 3.7 2:205x10° @ 9.3088  1.5021 1.000 -
a bh.11 26.3 3.638x10° 4 1.698
@ 146 ~ 0.035 121824103 a 3.9 x 10°
@ 303.7 6x1075 77882105 4 3.5 x 10°
« 51k 3x107 1.092x10° 4 5 x 105
o 605 3.-2xlo'LL 3.592xlo5 a 141
@ 9kl 1uxi0™t 3.788x107 a 3.1
Q@ ~1010 2x1077 1.05ux108 a 8
Pug}g 4.898 5.010k  3.76x10° y Th _ 5.081x10° y  9.38406 1.51k2 1.00
o 45 e 26 1.030x10° y ' 1.40
Pqiug 5.162 5{2885@ 6580 y 75.5 8.7o7x103 y 9.396 1.520k 1.001
a 45 2k.5 1.668x10" 3 1.610
- @151 0.085 7.959xloLL y 97
: Pu?% 5.495 5.6279  89.6 y 72 13610% y  9.2973  1.5087  1.00
@ 3.5 : 28 2:87x10° y | 1.146
@ 143.31 0.095 §3300x10° 11k
o 296.4 0.00k . 6,905x105 y 3.2 x 10°
a 499 7xlo‘6 ' 1.327x105 y 9.6 x 10°

6226-T40N



Table I (cont'd.)

Alpha Alpha Total Experimental Relative Calculated Radius R/Al/3 Hindrance
emitter particle alpha half-life abundance  half-life (fermis) (fermis) factor
energy decay a-branching (%)
(Mev) energy « half-life
(Mev)
P9238 (cont'd.) .
a 810 lexio™t  1.798x107 y b2
,Pu§3g 5.763 5.9014 2.7y 68.9 3.92 y | 9.30266 1.5139 1.00
a-47.5 30.9 6.98 y 1.252
a 156 0.18 26.84 y 56
a 321 0.002 225 y 6 x 10°
Pg§3g 6.17 6.3164 9 hr 67.6 9.76 4 9.3636  1.5283 0.997
a 51.67 ;'7% @ a3 17.18 & 1.20
o 17k 1/z 0.1 67.21 a 2.39
Uﬁ?iv 4.182 4.2906  h.h9x10° 'y 77 5.82x10° y 9.5342  1.5472 1.00
a 48 23 1.1488x10™° y 1.31
a 160 0.23 1.413x10™ y 13.8
U§38 4. 499 4.6136  2.39x100 y 73 3.274x107 3y 9.347 1.5211 1.00
a k9 27 7.695x101 y 1.15
a 163 ~0.5 5.953x108 y 8

6226-THoN



Table I (cont'd.)
Alpha Alpha Tofal Experimentél H ‘ARelative Calculated Radius ‘R/Al73 Hindraﬁce
emitter particle alpha halfl-life abundance half-life (fermis) (fermis) factor
energy decay a-branching (%)
(Mev) energy Q half-life .
: (Mev) _

Uigg L. 768 4.8885 2.48x10° y 72 . 3.uh0xlo5 y 9.3475 1.5256  1.00

a 52.L 28 7.94x10° y - 1.11

a 170 0.3 5. 45x10° y 15
Q505 2.5x107°  2.043x10° y 4.9 x 10°
a 630 1x107° 2.227xlOlO y. .17x_102
U§3gf' 5.318 5.4484  73.6 y 68 1.083x10%y  9.3269  1.5267 1.00
57,5 32 2. 349102 y o 0.98

a 186.1 0.32 1.393x103 y 16.5

a 326 0.01 1.046x10" 3. 7 x 10+
U238 5.88M4 6.0257 20.8 d 67.2 30.76 4 9.3338  1.5323 1.006
a 72.13 32.1 70.67 4 0.917
a 2264 0.4 4h1.2 a 12

a 230 0.3 460.8 4 15

ngg 6.68 6.8369 9.1 m 70 13.34 m 9.261 1.5249 1.02

a 93 E 9?2;8.6 .29 32.15 m 1.03

o 246 /e ~0.6 142.3 m 11

a 280 ~0.5- 199.7 m _ .10

6226-Ta0N



Table I (cont'd. )

Alpha Alpha Total .Experiméntal Relative Calculated Radius ,R/Al/3 Hindrance

emitter particle alpha half-life abundance half-life (fermis) (fermis) factor
energy decay O-branching (%) '
(Mev) energy Q half-life
. (Mev) ,

Thgég 3.994 51001 1.39x0%° y 76 1.835x10°% y  9.4700  1.550L  1.00

a 59 ' 2k 6. 14x1070 y 0.94

o 185 0.2 8.923x10™" y | 8
Thg?gh 4. 682 4.8010 8.0x10" y Th 1.079x10° y  9.3330  1.5322 1.00

a 67.62 ' 26 3.193x10° y 0.96

a 210 0.2 3.uloxlo6 ¥ 12

a 253 0.03 7.126x106 y 4 x 10*

@ 320 | 0.001 2.298x10 y 3 x 10*

a W16 . < 8x107° l.292x108 y 8 x 105

a bhis | 8x10~° 2.199x10° y .5 x 107
_Thgzg 5. 421 5.5541  1.90 y vl 2.699 y 9.310 1.5329 0.99

a 8. 47 o 28 7.969 y 0.85

o 217 0.4 45.8h y 10

o 253 . | 0.2 W75y | 13

o 289 0.03 122.4 y 5 x 10t
Thézg 6.330 6.4802  30.9 m 78 39.38 m 9.339°  1.5423 1.01

a 111.1 ' 20 \ 120.3 m 1.28

o 242 ' 1.7 468.3 m : 3.9

a 309 0.6 953.7 m 5

6226-TIon



Table I (cont'd.)

R/Al/3

Alpha Alpha  Total EXperiméntal Relative Calculated Radius Hindrance
emitter  particle alpha  half-life abundance  half-life (fermis) (fermis)  factor
energy decay a-branching (%)
(Mev) energy « half-life
(Mev) '
Thézg 7.7 7.3365 1 s 79 1.24 s 9.2973  1.5401  1.02
a 177 19 5.397 = 0.98
a 410 ~1.5 B1.04 s 1.6
a 475 ~0.5 73.61 s 2.
Ra§23> b 777 4.8082 1622 y " 94,3 1.715x10i y  9.3452  1.543%4 1.003
@ 187 5.7 3.103x10" y 0.92
a k8 0.0115 2.196x10° y 5.65
a 610 0.0017 4. 425100 y 2.2
.Ragzg' 5.68L 5.810L  3.64 4 95.1 3.827 4 9.3206  1.5440 1.000
a 241 4.9 66.73 d 1.11
a 530 0.01. _2.691x103 a l4x.ldl
a 650 0.01 .1.369x10LL d 3 .
Raé?g 6.551 . 6.7063 38 & 96.8 39.92 s 9.2984  1.5450 - 0.983
a 324.6 ' 3.2 883.9 s 1.34 -
o 650 0.10 2,55.7x10h s 15
o 800 0.032 1.330x10° s 0.89
a 850 0.002 2.3u1x105 s 8

6226-T4oN



Table I (cont'd.)

1/2

_Aipha | Alpha ‘Total Experiméntal Relative Calculated Radius R/Alﬁ | Hindrahece
emitter particle alpha half-life abundance half-life (fermis) (fermis) factor:
energy decay a~branching (%)
(Mev) energy O half-life
(Mev) ' -

33228 745 7.6231  0.023 s 99 0.02328 s 9.259 1.5432 00

a 465 1 0.8980 s ‘ .6
R#Z?é 5.1486 5.6208 3.825.4 99.9 3.899 d 9.323 1.5k91  0.582

@ 510 ~0.07 2.577x10° d . 1
Rnézg  6.282 6.4324 5h.5 s 99.7 54.46 s 9.3519  1.5586 1.003

a 545 " 0.3 1,4u6x10h s .3
Rn‘ilg 7.127 7.29kk  0.030 s 99.8 0.02995 s 9.3704  1.5666 .00k

a 609 0.2 4.895 s 3.06

216 ' -5 -5 |
Ro "/ 8.0k 8.2259 L4.5x10°7 s 100 4.504x1077 s 9.34kk  1.5671 .999
Rns}g 6.264 6.4185 23 m ~100 22.9 m 8.5076 1.4359 .00
R0 6.037 6.184 2.7 h ~100 2.78% h 8.5847 1.4536 .01

a 0

9T% o
T ,a=2.8 h

—o'[_,‘

6226=-TIoN



Table II -

Radius

7.807.3, o

Alpha Alpha ‘Total Experimental Relative -~ Calculated Hindrance
emitter particle alpha half-life abundance half-life _(fermis) factor
energy decay Q-branching (%)
(Mev) energy @ half-life _
o+ (Mev)
Fnt?? 7.03 7.1846 | 21.5h 90 18.68 9.3614  1.28
] Egsg 6.633 6.7817 20.03 4 90 11.53 4 9.42822 1.93
Sobalt 7.7 17.70 4 4.7
.a.82.7 0.8 27.12 4 9.x 101
@93 0.9 30.61 4 3
-« 138.3 0.25 48.76 d 164
o 156.8 0.1 59.34 3 x 107
o 207.2 0.1 101.8 4 2 x 10°
© o 390 0.0k 763.1 4 7 x 10"
a 431 0.05 1215 'd 33
S a b7s 0.02 2008 d 5 x 10t
Cf§5é (+) 5843 5.9790 |  3.1x10° y 91.03 y 9.42517 3L )
a 179 (+7) 3.2x107 y 880.8 y CLnI 3.6
ce2¥ 6.194 6.3365| 360k0 y 1.9k 1.879 3 9.3359  9.88 x 10°
a 56 1.12 3.559 y 8.9:x 10°
o 12k 0.40 1.15 x 10*

_'["[-

6226-THoNn



‘Table II (cont'd.)

Alpha Alpha - Total Experimental Relative Calculated Radius Hindrance

emitter particle alpha half-1life abundance half-life (fermis) factor
energy decay a~-branching (%)
(Mev) energy o half-life -
i (MEV)
Cf2h9 (cont'd.)
o 207 0.08 20.77 ¥ 2.2 x 10"
a 257 3.25 37.77 ¥ 293
- o 301 2.97 6Lh.52 y - 188
a 357 ' 1.21 128.4 y 232
a 39k 83.72 203.3 vy 2.115
a h22 0.52 289.1 y 239
a 450 4.36 2.2y 20.03
a 511 ) 0.43 897.7 ¥ 93
-BKZ”g o 3hid . 8.4504x105 y  9.3359  -—-
& ~0 5.40 5.5088 2:2X0 TR, g, 1.458x10" y 2.85
Y : Tl/éa£3.9lxlo y — 6
a ~390 2.383x10° y 0.27
_Bkgug ——- ~10* y - 1.262x10° y  9.331L —
o 843 5.67 5.8062 BT, . 3.666x10° y oy
Q265 7 60 3-939x103 y h.k
a ~U60 S ~5 5.862x10 " y - 3.4

_2‘[-

6226-T400



Table II (cont'd.)

Experimental

Calculated .

- Alpha Alphs Total Relative Radius Hindrance
emitter particle  alpha half-life abundance  half-life (fermis) factor
energy decay o-branching (%)
(Mev) energy & half-1ife
) _ (Mevl 7 _
Bkgug 6.37 6.5165 “-987d 32 .09733 y 9.310 4.0-x 10°
0.11% «
o 206 Tl/éa=12.h y b1 .9327 y 32.4
a 480 27 22.75 y 2.0
213 S ,. - ' 2
Bk, 5 6.72 6.8731 4.5 ;A 30 .9069 d 9.311h 4.6 x 10
0.15% a
o 192 T1/3°:125 a 53 . 6.246 4 37.8
a 550 ' 17 291.9 4 2.5
,Cméhg' - 8x103 y —— 7.685x10% y  9.3269 -
a ~80 5.45 5.5805 ~15 2.236xlo3 y : 2k
a 172 ~TT 7.867x;o3 y 1.32
Qa ~230 ~ 8 1.766;:101L y 6
243 , A : _ 3
an-o | 6.061 6.2025 35y 1.0 1.049 y 9.311k 3.3 x 10
o 7.12 99. Tk o 4.8 1.137 y 6.4 x 10°
a 56.94 - 1.2 2.019 y 1.4 x.10
a 75.23 6.1 2.500 y 230
o 163.69 0.15 7.080 y 3.3 x 103
o 195.51 0.70 10.33 y IS
a 285.7 73 31.10 y 1.54
o 330. 544 11.5 54.07 y 5.62

- E'[_

6226-THoN



Table II (cont'd.)

Alpha

Totai

Experimental

Calculated

Alpha Relative Radius Hindrance
emitter particle .alpha half-life abundance half-life (fermis) factor
energy decay Q-branching (%)
(Mev) energy O half-life
(Mev)
szb'3 E (cont'd.) |
a 387.38 1.6 110.6 y 20
Q 391, 4k 0.18 116.4 y 1.7 x 10°
a 43h.15 0.15 200.4 y 1.2 x 10°
a 460 0.02 279.2 y 6 x 10°
o 485 0.05 386.0 y 1.8 x 10°
Amgfg 5.339 54674  7.95x100 y 0.17 2.882x10° y  9.34903 1.6 x 10°.
a3l 0.16 4. 421x105 y 1.12 x 10°
o Th 86.9 8.061x10° y - 1.127
a 117 11.5 1.h8x10h y L. 6L
Q173 1.3 3.31hx10" y 18
an? — 3538;; . - Sl DT 9.350TL -
| a 350 5.196 5.3147 Tl/20:317xlou 2.182x10" y 1.45
Amg%é 5.533 5.6679 L6l y 0.39 193.4% y 9.3524 6.1.% 10°
a 33.2 0.24 298.8 y 6.4 x 102
a 59.57 85 423.3 y 1.28
a 103.0 12.8 752.8 y 478
~a 158.6 1.7 1595 y 17

-hT-

6226-THoN



Table II (cont'd.) .

‘Total

Alpha Alpha - Experimental Relative Calculated Radius Hindrance

emitter particle alpha half-life abundance half-life (fermis) factor
energy . decay Q-branching (%)
(Mev) energy Q half-life
(Mev) '

Amzul (cont'd.)

o225 1.5x102 3970 y 7.7 x 10°

o 2674 2x1073 7167 3 3 x 103
Pui&é -—- Tl/za=6.l+xlo5 y - 5.853){.’].0lL y 9.39003 ---

a 1b5 L.893 5.0149 75 5.314x107 y 1.61

a 191 | 25 1.094x10° y 2.3
P@§3g - 2.4360x10" y - 1.3o6xlot y  9.347 . ---

o .07 5,147 5.2736 72 1.306x10 " y 2.59

a 13.2 16.8 1.578xio” y 9.19

a k6.5 - 2.562x10u y ———

a 52 10.7 2.772x104 y 8.21 -

a 8h. 0.037 b 4hox10* y 1.48 x 105

o 104.3 -=- 5-997x104 y -==

o 151 0.013 1.205x107 y 1.6 x 105

o 172 0.005 1.657x10° y 2.9 x 105

a 23k 0.005 u.275x105 y 1.1 x 109

a 373 0.002 3.829x10% y 3 x 10°
a h26 0.005 .9.081xlo6 y 5 x_lOl

a 497 0.0015 | 2.9§Ox107 v 55

-GT-

6226-T90N



Table II (cont'd.)

Alpha

Alpha Total Experimental Relative Calculated Radius Hindrance

emitter particle alpha half-life abundance half-life (fermis) factor
' énergy decay o-branching (%)
(Mev) energy a half-life '
, ' (Mev) ‘

23g 5.65 5.786 45, ilg 3 21 16.36 y 9.300 1.10:2750

a 290 3l;2a—378003 79 702.7 3 6.8 -
Np23g 4. 872 k.9927 2.ZOxlO6 y 3.1 ,2.663x105 y 9.3222 2.7 x 102

a6 ~L 2. 923x105 y 8 x 10°
56 1.4 6. 393x105 2.5 % 10°
o 69 1.5 7.842x10° y 1.9 x 10°
. a 86 k2 1.028x10° y 5.1

a 103 28 1. 3h7x106 5.8

a 108 5 1. h59x106 30

a 140 0.8 2. uu3x106 1.1 x 10°
@ 157 0.7 3. 2215100 v 10 x 10°
o 162 1.5 3. h9lxlO6 y B2

a 171 0.4 b ob7x10® y 1.4 ¥ 10°

a 177 1.2 L, u6hx106 L1 '

a 200 1.5 6. 518x106 23

o 205 ho 7.073x10% 3 7.8

a 228 6.0 . 1,037x107 y 3.54

a 273 0.35 2.208x10" y 28

a 293 0.5 3.093x10" y 1

a 360 0.02 9.811x10" y 1.1 x 10°

_9"[..

6226~-T40N



Table IT (cont'd.)

Alpha Alpha ‘Total Experimental Relative Calculated Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) factor
' energy decay Q-branching (%) '
(Mev) energy o half-life
' (Mev) ‘ \

Ug3g h:559 4. 6755 7.13xlo8 y 6.7 1.130x107 y 9.34725 9.4 x 10°
a 40 2.7 2.236x107-y 1.18 x 105
@95 0.9 5.803x10 y 1.4 x 105
Q 191 29 3.197xlo: y 7.7
a 20k 43 4.051x10" y 4.1
a 224 12 5.839x108 y 10
a 390 5.8 1.329x1010y 0.92

U§§g~ 4.816 4.9377 | 1.62x10° y 84.2 1.650x105 y  9.3372 1.166
a 42.8 13.7 3.228x105 y 3.66
@ 98.9 1.95 7.883x10° y 10.5
@ 120 ~. 02 1.108:a0° y 7 x 10°
o 146 ~.01 l.692x106 y 1 x 105
o 164 0.04 2.256x106 y 1.8 x 10°
o 164 -~ 0L 2.256:x10° y 7 x 107
a 211 ~.02 4.9h2x10° y 2 x 102
o 245 ~.01 8.747x10° 3 2 x 10°
a 285 ~,01 .1.722x107 y 9 x 1ol
a 321 0.0k4 3.197x107 y 13
o 367 ~. 004 7 1

7.130x10" y

6 x 10

_L'[_

6226~Ta0n



Table II (cont'd.)

Alpha Alpha Total Experimental Relative Calculated Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) - factor
' energy  decay a-branching (%) ' '
(Mev) energy @ half-life
(Mev) , ‘
Uzzg' 6.355 6.5051 58 min 6l .20k2 a 9.297h 1.5k
29 ;O% 3;0201 . 20 274 4 3.7
a 65 1/z 11 .3959 d 4.6
o 102 .5799 4 3 x 0%
a 138 3 Bl d. 8
@ 178 1 1.278 4 2 x 107
~Pé§3é | 5.046 5.1719 3-h3x10u y 10 ‘1.h3lxlo3 y 9.330 2.4 x 1o2
o 29 ' 23 _2.196x103 y 68
a ks 2h 2.806x10% 51
a 76 2.3 %.353x100 y 3.4 x 10°
a 110 22 7.180x10° y 22
a 127 2.8 9.236xlo3 y '}i.3 pre 102
o211 1.k 3.278x10h y 75
a 329 11 2.059x10° y 1.5
a 356 1.4 3.167x105 y 7.7
a 387 2.1 5.254x10° y 3.1
Paézg 5.665 5.8027 1.54 . 19.1 k0.7 a4 9.3219 22.3
‘a 40.5 8'25£;200 . 9.8 228.8 d o " 26.8
a 56.3 1/2 13.4 277.8 4 16.1

-Q1-
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Table II (cont'd.)

Alpha

Alpha Total Experimental Relative Calculated Radius Hindrance
emitter particle alpha half-~life abundance half-life (fermis) factor
energy decay Q-branching (%)
(Mev) energy | @ half-life
' (Mev)
_Pa229 (cont'd.)
o 80.6 4.7 372.6 a 34
a 91.9 36.8 - 428.9 @ 3.80
@ 107.3 | 3.9 517.9 a4 30
a 136.7 8.9 745.3 4 9.0 .
a 155.9 0.60 948.8 4 105
@ 172.1 0. 74 1159 4 70
o 19k.1 C1.77 1529 4 22.2
a 252.4 0.07 3216 4 - 2.7 x 10°
d.z63.7 0.15 3716 4 1.1 x ;Lo2
a 356 0.05 12363 4 - 1.0 x 10°
Paézg 6.138 6.2846 | 22 h- 2.5 .6523 da 9.31095 2.8 x 10
a2l é?/jobus.s 5 105 .8115 a 5;8
o 38.1 ' 12.0 L9770 4 391
.a 52.1 2.3 1.135 4 1.8 x 103
a 66.3 20.7 1.321 4 168
a 77.2 1.0 1.486 a4 3.1 x 103
o 102.8 2.3 1.959 4 1.02 x 105
o 116.4 9.0 2.970 @ 22l
a 133.6 0.8 2.738 a 2.1 x 1o3
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Table II (cont'd.)

Alpha Alpha Total Exyerimehtal Relative Calculated Radius Hindrance
emitter particle  .alpha half-life abundance half-life (femis) factor
energy decay a-branching (%)
(Mev) energy  « half-life
~ (Mev)
_P3228 (cont'd.) -
a 146.2 0.3 3.137 4 5 x 105
a 155.8 1.1 3.488 4 1.2 x 103
. 163.3 2.8 3.791 a 4.3 x 10°
o 170.0 2.7 4.08L 4 b2 x 10°
o 198.8 0.6 5.608 d 1.4 x 105
o 204.6 0.5 5.987 d 1.5 x 103
a 22h. 4 0.8 7.457 a 8 x 10°
a 239.5 1.1 8.840 d 4.7 x 10°
a 272.6 1.4 12.83 4 2.6 x 10
a 289.6 0.3 15.55 d 1.0 x 103.
a 304.3 0.4 18.38 d 6 x 10°
a 343.2 7.3 28.71 4 21.9
a 349.4 11.3 30.90 4 13.1
a 369.9 1.k 39.13 4 84
a 383.7 2.0 45.96 4 50
o 388. ) 1.4 148,51 d 67
a 393.5 2.5 51.48 a 36
a 439.4 1.0 88.38 a 52
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Table IT (cont'd.)
- Alpha Alpha Total Experimental Relative Calculated | Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) factor
: energy decay .| a~branching (%)
(Mev ) energy o half-life
, . (Mev) 7
Pﬁézo | 6.526 6.6801 %8%3 m 2.3  18.29 m 9.300 107 ;
- a°10.7 -Ti;szu5'l'm 0.3 © 20.30m 7 x 10
a 67.3 49.5 35.06 m 2.60
a 109.7 S 11.5 53.06 m 7.38
a 117.8 ' _ 14.8 57.49 m. ' 5.30
@ 132.0 _ 9.3 66.12 m 7.3
o 157.9 R 2.6 85.6L.m 20
o 177.6 | 7.8 104.0 m 5.6 .
a 198.6 - | 0.7 128.5m 50 0
a 208.6 - | 0.k k2w | 8 x 10"
a 235.6 _ 0.8 ~ 186.7 m _ 30
Thézg 5.040 5.1659 | T340y 8 4.691x10° y 973215 zv,.ofx_lo2
a 77 ‘ : . 10 1.ul5x103 y 52
@ 153 12 4.326x10° y 14
- a 210 | 60 1.016x10" y 1.20
a 240 ’ o 10 1.603x10% y k.6
mZ?l 6.036  6.1806| 18.174d | 23 .63384 9.3245 125
a 30.0 : | 2.8 . .8733 4 7.4 x 10%
a 61.5 ' - - | 2k 12314 j 62
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Table II (cont'd.)

Experimental

Relative

Alpha Alpha Total Calculated Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) factor
energy decay G-branching (%)
(Mev) energy Q half-life
, (Mev)
=% (cont'd.)
@ T79.9 - 3.5 1.504 4 3.5 x 10°
a 12k.2 0.9 2.449 4 8 x 10°
a 17k b 3.0 4.279 4 142
o 234.9 1.0 8.463 4 2.1 x 10°
a 247.1 0.3 9.729 4 6 x 10°
a 280.0 0.3 S 14.19 4 % x 10°
a 286.1 21 15.21 4 5.7
a 329.8 5.0 25.27 4 1k k
o 334.2 8.7 26.57 4 7.9
a 342.6 4.0 29.34 4 15.5
a 350.4 1.5 32.17 4 38
o 376.0 1.9 L3.42 4 22
THho22 6.79 6.9490 8m - 9 .5197 m 9.318 1.8 x 10°
a0 o > 956 o 2
o 55 T a8.Lm 7 .8493 m 1.k x 10
a 98 1/e 2 1.253 m 3 x 102
o 151 3 2.035 m 1.h x 10°
o 174 3 2.517 m 1.1 x 10°
a 301 _1h 8.297 m 7.3
o 324 43 10.35 m 1.89
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Table IT (cont'd.)"
Alpha Alpha Total Experimental Relative Calculated Radius Hin.d,rance
emitter particle alpha half-life abundance half-life (fermis) factor
' " energy decay ¢-branching (%)
(Mev) energy @ half-life _
(Mev)
.'I‘h225 (cont'd.) : .
o 361 | : 15 14.75 m 3.8
a 460 : ' 2 38.93 m 11
o hok 2 _ 54,58 m , 8
Acézg 5.818 5.959L | 10.0 4 54 | 2.322 4 9.3298 8.0
a 36.3 27:9 3.401 4 10.26
a 98.8 ' 9.5 7.130 & 14.8 6%
a 107 o 2.6 7.818 4 49 !
o 149 | 0.8 12.72 4 1.0 x 10°
a 194.5 _ 3.8. 21.71 & 12.1
a 223 0.6 30.39 4 55
a 252 ' . 0.7 42.94 4 33
o 280 | 0.07 60.22 4 2.4 x 10°
Ragzg 5.867  6.009 11.684  0.96 RGN 9.3095 2.56 x 193
o 4.8 , - .5007 4 _—
o 1h.k ‘ : o 0.3 .5566 4 7 x 103
a 38.0 o 0.05 .T21h 4 3.2‘x110“
a 127 ' ‘ 10.5 ~1.945 4 57.2
a 158.9 » | ' 50.L 2.796 4 8.29
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Table IT (cont'd,)

Alpha

Alpha Total Experimental " Relative Calculated Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) factor
energy decay a~branching (%)
(Mev) energy @ half-life
' (Mev)
Rey 69.6  lcomtld.) 23.6 10.05 a 4.93
e 338.5 10.3 22.71 4 %.99
o 376.5 . 0.86 35.92 4 37.8
a L45.6. 2.4 83.37 4 5.8
o 515.6 0.20 199.1 d 29
a541.8 0.07 277.5 4 60
a 589.6 0.03 | 509.7 4 8 x lOl
a 59u°6} 54k.0 @ 2
‘ | T
_Razzé 6.75 6.9095 30 s 30 6.945 s 9.2787 1k k
o 91 20 15.52 s 9.7
a 151 37 26.63 s 3.0
a 174 8 32.85 s 11
a 18h 3 35.93 s 3 x 1ol
o 301 0.4 106.1 s 7 x 10t
a 361 0.3 187.3 s 5 % ;ol
o 499 0.7 T13.4 s 6
a 60L 0.3 1973 s 5
Frgfé 6.332 6.4833 4.8 m 84 ;1.7u2 m 9.32515 3.28
a 220 16 15.12 m 2.0

6226-T90N



Table II (cont'd.)

Alpha Alpha Total Experimental. Relative Calculated Radius Hindrance
emitter particle alpha half-life abundance half-life (fermis) factor
energy decay o-branching (%)
(Mev) energy o half-life
(Mev) ‘ : ,
Rng}g ' 6.813 6.9739 | 3.92 s 82 A1k9 s 9.3612 11.5
a 271.6 13 4.356 s 6.9
o hOl. 5 14,11 s 6
Rnélg T-735 7.91h4k 5.!+xlO'lL 5 . 100 3.388X1Q’h_s 9.35Tk 1.59
RaZS 5.847 5.9941 | 16 n 33.5 1.031 a 8.5%61 .M
a 68.8 §6% e 556 a 64.5 2.177 4 -~ w1823
: 1/2°% +2 q
a 239 2 14.68 d 9
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





