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212 Alpha barrier penetrabilities for·the long-range alphas .of Po and 

Po
214 

are calculated by using the diffuse exponential nuclear potential derived 

from optical-model analysis of alpha elastic-scattering data. The calculations 

are .made on the same basis as reported by Rasmussen in two previous publica-

tions. Partial half lives for alpha and gamma emission are calculated on the 

assumption that the long-range.alpha.decay is. unhindered.with respect to the 

ground-state alpha decay. 
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INTRODUCTION 

. Rasmussen has .reported alpha-decay barrier-penetration calculations 

.using.an exponential nuclear potential. 1 ' 2 Details of' the calculation were 

discussed
1 

and numerical results for all measured alpha transitions of'.even-

1 2 even and odd-mass nuclei were.given. The alpha-nuclear potential_used was 

the real part of' a potential_ given by Igo to fit alpha .. ~lastj_c~sca.ttering da.ta~3 

{ 
1 17 A l/ 3 r.} 

V(r) = = 1100 exp · 0 .
57

4 - _ Mev. 

This potential is. used here to calculate with the IBM-650 computer the 

alpha-decay barrier-penetration factors for the long~range alpha particles. from 

·.· 212 214 
the excited states of Po and Po The centrifugal potential_ for-the 

angular.momentum of the alpha.particle, as.determined from the decay schemes; 

is included in these calculations" The penetration factors .are used to cal= 

culate the partial half lives of the levels for alpha decay, assuming that ,the 

decay is unhindered with respect to the ground-state decay" The relative alpha-

particle and gammac..ray abundances are then used to calculate partial half lives 

for the gamma transitions from these same state:?" 
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a4 . . 
In the case of Po , two different proposed level schemes and decay 

·.. 4 
schemes are used. The first of these, due to Bishop .(see Fig. 1), assumes 

that all of the long-range alpha groups arise from transitions to the ground 

state of Pb
210

. The second, due to Hauser5 (see Fig. 2), proposes that three 

of the long-range alpha groups arise from transitions to excited states of 

Pb
210

. This proposal was made to account for the fact that gamma rays from 

the levels corresponding to some of the alpha groups have not been detected. 

The numeric~l results for Po214 are svmmarized in Tables I and II 

along with the decay,...scheme data utilized. The alpha barrier-penetration 

factor, P, is given for each of the states, assuming spins and parities as 

indicated in Figs. 1 and 2. This penetration factor is then used to calculate 

the partial alpha half life for each level: 

t ex, excited.· state \,, ground state (~) , 

where P and P are penetration factors for the ground-state and excited-
g e 

state alpha decay. 

This partial alpha half life and the relative alpha and gamma abun-

dances lead to partial gamma half lives which are compared with single-particle 

gamma half lives calculated from the formulae given by Moszkowski. 6 The value 

obtained by Nierhaus and D~niel7 of 19% of the beta transitions in Bi
214 

going 

214 direct]yto the ground state of Po was used. The gamma-ray intensities in 

both cases are taken from the work of Bishop
4 

and of Dzhelepov et a1.
8 
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Fi Le . P 214 b Bi h g. 1. vel scheme and decay scheme of o as given y s op 
. (reference 4). Ea in Mev includes electron screening correction. 
Alph~·intensities in square brackets relative to Na (ground state) = 10 • ~·in kev~ gamma intensities in parenthesis relative to 
Ny (609 kev):!: 1. 
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Fig. 2. Level scheme and decay scheme of Po214 as given by Hauser 
(reference 5). Ea in Mev includes electron screening correction. 
Alpha intensities in square brackets relative to·Na {ground state) 
= 106. Pb2l0 level populated in alpha decay: 
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ground state 
first excited state 
second excited state 
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TABLE I 

p 0
211t alpha-barrier penetTation factors and partial half lives of excited states ·based on the decay scheme 

i. due to Bishop. a 

Energy E with" · N re 1 at.i ve ex 
1 

Barrier- Partial Jll E Partial Single particle T 

1 
1 ex . . ex 106 . a:nglllar + . . b , f' v .. ..._ . ( ?i ) ".! b , .c ~ • , b lf. - . f c s:p eve ... screenlng -co . penevra't-lon ex ,_a_~,_ rl.::l.aulve J:>.ev 1 .a . .L.L .Ll:!:e, .a .. · .Ll ey --

(kev) correction ground-state momen'tum factorJ:P life (sec) to 102 grm.md- T l/
2 

(sec) T S (sec) T J.j2 
(Mev) decaysb state decays - P 

-· --- 6 -16 6 ·6 -L~ -
10 0 1.58xl0 1. 3 'XlO 7. '711~ 

8.312 

8.971 

9.066 

0 

609.3 

1281.3 

1378.0 

___ ...;. 

1415.9 9.103 

J.668.o 9.351 

1847. 6 9. 52'1 

2016.7 9·693 

2144 9.818 

2270.2 9.941 

2440.8 10.109 

2508.5 10.i76 

a Reference 4. 
b Reference 14. 

0.43 2 4.65xlO-l5 5.5x10-6 

o.J+5 

(2.7)d. 

22.0 

0.38 

1.35 

0.35 

1.06 
0.36 
1.6'{ 
0.38 

0 

2 

0 

2 

2 

2 

4 

4 

2 

2 

-13 -8 
3.43xl0 7.5x10 

'6 -13 -8 3.4 Y~O 7.5x10 

6.93xlo-13 

l.52:xlC_,...l2 

3.64xlo=l2 

8 , , -12 . .L.Lx:lO 

4.71xl0-12 

8.34xlo-
12 

5.48xl0-1l 
. r 
7.36xl.O- .L 

3.7x10-8 

1 ~ , -8 
·-· (x .•. O 

?.lxl0-9 

3.2x1.0-9 

5.5x'10-9 

3.lxl0-9 

4.7xlO-lO 

3.5x10-lO 

c Calculated from the formulae given by Moszkowski (Reference 6). 
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6 /, 
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2.1 
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1661 ... 
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3.4xlo-14(E2) 

d These values were calculated assuming that the partial 'Y half life of the 1378-kev gamma is five times the sing~e-
_:particle gamma half life. · 

e Conversion electrons. Strength parameter IPIK = 0.035 (see Reference 16). 
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TA:s;LE Il 
4 ~----

Po21 alpha-barrier penetration factors and partial half lives.of excited states based on the decay scheme due to 
a Hauser. 

2016.7 9°693 

2440.8 10.109 
9~346 

2508.5 10.176 

2700 

2886 

3046 

10.363 

10.546 

10.703 

9·939 
a. Reference.5. 

0.35 

L67 
. 0.38 

0,38 

1.12 

0.23 

-0.1 
0.36 

-b. ~ference l!+. _ 

2 

2 
0 

4 
3 

2 
l 

2_ 
,
.L 

2 
0 

3.64xlo-12 

8.llxl0 
-12 

-ll 
5.48xlO_l2 
2.43xl0 

-ll 
2.40xlO_ll 
4.55xl0 

_() 

7 
6o3 

3.2xl0 -9 .0.6 
7.6 

-10 
4.7xl0 -8 2.1 
l.06xl0 

-9 l.07xlQ10 <~l 
5.7x10 

6 -10 -10 -2 l. 5xl0_10 1.56x10_10 5xl0 
2.27xl0 l.l4xl0 

~.5~10=~~ 7.3x1o:~: -4:~xro~2 
4.87xl0 5.3xl0 ~ 

-10 -ll -2 
6.71x10_11 3.8x10_10 3.7x10 
4.15xl0 6.2xl0 

c. Calculated· from the _formulae given by MQszkowski (Reference 6). 

~:: ~~-!~:~~{;d1~le~trons. Strength,par~et~; :is-]p I~ ~- 0-.035. (~~~ Reference 16). 
• • ..... •• 0 

... . 
... c . .- v.. ........ v 

, .. · . 
I • 

. 11· t 

-13 
2016.7 l.9xl0 14 
l4o8 0 0 l. 5xl0-

2441 

1900 

2700 

2886 

3046 

3.7xl0-l4 
l.9xlo-13 

->3.7xl0-l4 
>2.0xl0-l4 

3.5xl0-l3 
2.6xl0-l3 

3:9xiO~l4 
2.8x10-l4 

l.Oxl0-14 
6.0xl0-l3 

-13( ) l.4xl0 13 E2 
l.4xl0=15 (E2) 
3.6x10 (Ml) 
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No alpha group has been detected from the 1378-kev leveL By comparison 

with the E2 transitions f:rom the 1281- and.l416-kev levels the partial gamma 

half life .of the 1378-kev gamma ray is. assumed to be five times the single 

particle value. This assumption gives a value of 2.7 alphas from this level 

6 . .' . :'. · .... :·" •' 
per 10 ground-state transitions. This number·could easily be unresolved from 

the abundant alpha group from the 0+ 1416-kev level; thus, the data on this 

level are consistent with the alpha-decay datao 

The caich±ations aido dliow tiiat i~<-is r:ea~onaoie tliat some of the 

gamma rays from certain alpha-emitting states have not been detected. On the 

other hand, the second decay scheme allows one to calculate relative reduced 

transition probabilities_," 5
2 

(see reference _l), for the decay of a few given 

levels .to the first excited state and to ,the ground state -of Pb210 . This 

r~tio-is shown in Table III~ and is seen to increase.greatly as the energy 

increases. This.would indicate that the transition to the ground state becomes 

quite hindered as the energy of the initial state increases. 

The results of these calculations do not differ appreciably from those 

of H~;t,rser, 5 who used a .simpler potential and experimental level spacings o The 

calculations on the groups leading to excited states are very interesting. ':!;'he 

large variation in .reduced trans.ition probabilities .shown in Table III, indi-

210 cates that the assumption of alpha.decay to the .excited· states .of Pb may 

not be valid. 

212 
Po 

The ievel.scheme and decay scheme.of 212 9 
Pq~ ---~. due to Emery and Kane 

212 
The results for Po are an. d 1 t s t 1· 10 i h i Fi 3 a so o ergeev e a . s s own n go .. o 

s:umma.rized in Table IV. The gamma .inte.nsities and multipolarities are. taken 

9 ~0 from Emery. and Kane and the level energies .from Sergeev et alo · 
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.TABLE III . 

Ratio of reduced.width to first excited state to reduced width to grow:rd 
state _for Po214 alpha-emitting levels. -

.Level ( kev) 

0 

2441 

3046 

f? (excited sta,te) 
:2 . ..· . 
5 (ground state) 

·Oo086 
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E(kev) I7T -
1800 0+ 
1680 (2+) 
1620 I+ 
1513 ? 

727 2+ 

0 0+ 

MU-21293 

212 
Fig. ). Level scheme and decay scheme of Po as given by Emery and 

Kline (reference 9). Eo: in Mev includes electron screening correction. 
Ey in kev. .All intensities (in parenthesis) relative to 100 Po212 
ground state transitions. 



'X'ABLE IV 

Po217 alpha-barrier- penetration factors and partial half lives of excited states. 
CXJ 
\0 
~ Energy 
~ level(kev) 

Ecx with 
screening 
correction 

Ncx re~a~ive ex Barrier Partial Ny relative ~(kev) Partial S~ pwti~ ts 
to 10 ground- angul~;tr penetration ex half tq 102 ground- 'Y h?]f'J..ite 'Y ·~ ]jfu _P_ 

g 

I 
C\l 
r-l 

I 

(Mev) 
state .decays~; momentl.IDl factor, P life (sec) state decays !1j2·'1{sec) tsp (sec) tl/2 

:;_o 8.810 ro
6 

0 l.32xl0-l3 3~04xlo-7 

727 9.522 35 2 
-12 -8 

3.30x10 .1.2xl0 10.2 727 
. -12 -lL , 

4.lxl0 l.7xJ,.O (&?).:.4.1.-

1680 10.452 ' 
20 2 2.24xlo-10 l.8xlo-10 

0.6 953 6.0xlo-13 4.4xlo-12(E2) 7.3 
-14( ) 2 .• 9xl0 Ml 0. 048 

1800 10.573 180 0 5·95xl6-
10 6.7xl0-11 

~l 1074 1.2il0-12 2.4xlO-J2 (E2) 2.0 

0.008 c 

a. Reference 14. 

b. Calculated from the formulae given byMoszkowski (Reference 6). 

c ··· Conversion electrons. .Strength parameter is I pI K = 0. 041 (see Reference .16) . 
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Partial .alpha and gamma half lives are calculated as in the case of 

214 
Po above. The results here .differ by about a .factor of two from those of 

Emery a.nd Kane, 9 who also based their .calctil.at.ions on the ground-state decay 

while Using a .simpler potential. 

R t . ingl.. t 1 . li . .. ··tal .. r·· .11,12,13 . a 1os of s e ... par ic e half ves .to experim:en . half ives ·· · 

.for first excited (2+) states in even-even nuclei are shown in Fig. 4 as a 
:,. •' 

. function of· mass .number. The r~tios calculated here for Po 
212 

and Po 214 

agree very well with the general trend, indicatingthat the assumption of 

unhindered alpha decay is probably good for these first excited states. 
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Fig. 4. Half-lives of first excited (2+) levels of even-even nuclei-
ratio of single particle to experimental half-lives. 
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