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ABSTRACT

Alpha barrier penetrabilities for the long-range alphas .of Po212.and

Pozlh-are calculated by using the diffusevexponential.nuclearcpotential.derived
from optical-model snalysis of alpha_elastié-scattering data. The éalculations
are made on the same basis as reportedwby Rasmﬁssen in two previoUs,ﬁublicaQ
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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ANALYSIS OF LONG-RANGE ALPHA-EMISSION DATA

R. D. Griffioen and J. O. Rasmussen

Lawrence Radiation Laboratory
University of.California
. Berkeley, California

. September, .1960

INTRODUCTION -

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

fﬁsing,an.exponential.nuclear,potential;l’g:Details,of.the calculation were

’ discussedlﬂand numerical results for all measured alpha transitions of. even-

even1 and. odd-mass2 nuclei .were given. .The alpha-nuclear potential used was
3

1/5
V(r). = - 1100 expj{ 1-17OA57H - ? Mev.

This potential is. used here to calculate with the IBM-650 computer the
alpha-decay barriérapenetration.factors,for the long-range alpha particles from
' : .. 212 21k , ‘ , A
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-

culaﬁe,the'partial.half lives of the levels for alpha decay, assuming that the

~ decay is unhindered with respect to the ground—s,taté,decay° The relative alpha-

particle and gamma-ray abundances are then used to calculate partial half lives

for the gamma transitions from:thése,same states.
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Poelu

In the case of Péglu

, two different proposed level schemes and decay
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

210

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

of the long-range alpha groups arise from transitions to excited states of-
Pb2lo° 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 numerical results for Pogl& are summarized in Tables I and IT
along with the decay—scheme data utilized. The alpha barrier-penetration
factor, P, is given for each of the states, assuming spins and paritiesvas

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

the partial alpha half life for each level:

P

‘P
t , = :
&, excited state 'tOL, ground state <£> B
- \Eg

where Pé and Pe are penetration factors- for the ground-state and;éxcited-
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 singlerarticle
gamma, half,iives calculated from the formulae given bvaoszkowski,6 The vaiue
obtained by Nierhaus and Déniel7 of 19% of the beta transitions in Bie:u+ going
directly to the ground state of PoElu was used. The gamma-ray intensities in

I
both cases are taken from the work of Bishop and of Dzhelepov et al.

>
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. Fig. 1. Level scheme and decay scheme of Po2lh ag:given by Bilshop
-+ . (reference 4). By in Mev includes electron screening .correction.
-Alphg intensities in square brackets relative to Na (ground state)
= 10°. _in kev, Gamma intensities in parenthesis ¥elative to

Ny (609 kev)= 1.
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Fig. 2. Level scheme and decay scheme of Pozlu as given by Hauser
(reference 5). Ey in Mev includes electron screening correction.
Alpha intensities in square brackets relative to Ny (ground state)
= 106. Pb210 jevel populated in alpha decay:
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ground state
first excited state
second excited state .
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- TABLE I

211 . N .
Po * alpha barrlev pe etfaulon factors ana partial half lives of excifed states based on the decay acheme

due to Bishop.2

Energy Ea with'' N rﬁ%atlve %n 187 Barrier- Partial N, y Partial | Single partigle T
level  screening & 10 moig;t;m peretration O half reative (iev) Yhralf life, helf life,” o
(kev) correction groundbstate factor, P  life {(sec) to 102 ground- T1/p (sec) T ap fsec) 1/2
: (Mev) decays . ' state decays. “. '
o 6 t L A-16 _ L | 4
0 7.7k 10 0 1.58x20 1.636x10° " —--- | meoe moe- ———- ———
» - -12 -1
€09.3 8.312 0.43 2 L.65x107 5 5.5%x10 6 Lo | 609.3 5.6x10 4.0x10" l’Ee‘ 7.1
1281.3 8.97% 0.4% 0 3.43x30° 5 '7°5x10‘8 (2.33(2) 1281.3 2.6x107° ———— ———
) -8 . -13
1378.0 9.066 (2.7)d Z. 46x107 ~15 7.5%x10 Z.g 1326 %3 hx10 *gg 6.8x10 llEEO% $O°2%
’ . 7 9 L‘— 1 jle -.) E2 \5,0; .
. 5.5%10"" " (n)  (0.012]
1415.9 9.103 22.0 ¢ 6.950077 3,710 (0.3), e T e T S
_ , 1.3 806.3 6.3x10° 9.9x107"°(E2) 0.1
12 - \ -1 -
1668.0 9.351 0.38 2 1.520107° 2 7x10 8 0.8 1668.4 8.1x107 2.,6x10 15(Ez) 0.%2
, - -1 -1
1847.6 9.527 1.35 2 2.64x10 7.1x10 7 207 18ug°5 5,6x10_l§ l.6xlO_lg(E2) 0.29
: % 1236.3  1.5x10 : l.leanL’EE 8.0
1,3x10 *'?Mlg 0.087
-1 - ' : -13
2016.7 9.69% 0.35 2 8.11x10712 3.2x%10 7 0.6 2016.7 1.9x10 7 1.0x30_ BkE/) 0.53
: : ' 7.6 LL08.0° 1.5x1077 7 - 6.1x10 ’(EQ) bz
} 8.9x10" 5(M1\ 0.59
ikl 9.818 1.06 4 4. 71310 }2 5.5%10 9 ( &21) 153k 25.8x10“15 b 0x10 *5/E°) €0.69
2270.2 $.941 0.36 L 8.34x10" " 5.1x10'9 (£0.8) 1661 Zdﬂimio”f5> 2.7x10 lz’(Ee) £1.9
-1] - =1
2440.8 10.109 1.67 2 5. 4810 if b.7x1 © o ol 3.7x10 *T 3. 9x10 (E2) 1.1
. -1l iy -
2508.5 10.176 0.3%8 2 7.%6x10 . 3.5%10 0 o 2508.5 6.3x10 lf 3, k107 (E2) 0.54

a
b

Reference L.
Reference 1k. _
© Calculated from the formulae given by Moszkowski (Reference 6).

d These values were calculated assuming that the partial Y half life of the 1378-kev gamma is five times the single-
partlcle gamma, half life.

© Conversion electrons. Strength parameter lle = 0.0%5 (see Reference 16).




TABLE II

Ha

Pozlh

user .

alpha-barriervpenetration factors and partial half lives .of excited states based on the decay scheme due to

Partial

iPaftial'

Energy Qa with N relative Barrier- 1\[X B Single particle T
R level screening t0 106 angular  penetration Q half rélative (Qév) Yhalf life,  half life,© /s
"\ (kev) correction ground-state momentum factor,P  life (sec) to 102 ground- Tl/g(sec) TS,(sec)
A (Mev) decay state decays - P :
£ - - - )
B 0 7.71h 1062d 0 vl.58XlO_ig 1.636x10 L S - (25 011 Mew)
6.951 ~10 2 2.99x10 8.6x107¢  --o- S e (5% 0.0096Mev)
609.3 8.312 0.43 2 u.65x,10'15 5.5%10 Lo 609.3 5,6x10'12 hox107T(E2) 7.1
=1 - . =1 -
1281.3 8.971 0.45 2 2.08x10 15 ’;.leo_g 1.3 1281.3 4.3x10 12 9°8x10‘15(E2) 0.23
_ - 3.7x10 Y P T e
1h15. .103 22.0 0 6.93x10 (0:3) e L ek mmem o Eali
77 1.3 K 806.3 6.73x10°%  9.0x107%(E2)  0.16
1847.6  9.527 1.35 2 - 5.6ux10"12 7.1x10'9 1.7 1848.5 5.6x10:ig 1.6x10:%2(E2) 0.29
6.3 1238.3 1.5x10 - 1.2x10_7),(E2) 8.0
1.3x10 ~ (M1) 0.087
-12 -9 o -13 13 »
2016.7 9.693 0.35 2 8.11x10 3.2x10 0.6 2016.7 1.9x10 Jj }.OxlO“i.(EE) 0.53
' 7.6 1408.0 1.5x10 6.‘_‘51_-Xi6_15(E2) L1
o . 8.9x10'l5(M1) 0.59
, . -11 -10 R, I -1k
2440.8 10.109 1.67 2 5.48x10_7, L4.7x10 g 2.1 24 3.7x1_o_l5 3,9x10 ~ (E2) 1.1
9.346 10.38 o 2.43x10 1.06x10 1.9x10 \ 0.21
2508.5 10.176 0.38 4 Q.MOxlo:ii l.O7x19ig <11 1900 .>3°7xlojlL lohxlOZig(EE) <3.8
3 4. 55x10 5. 7x10 >2.0x10 lwhxlO_l5(E2) <7.0
3.6x10 7 (ML) <0.18
2700  10.363 1.12 2 l.65x10:18 1.56x10:i8 5%1072 2700 5.5x10:i§ E.hxlo:it(EQ) 0.069
: 1 2.27x10 1.14x10 2.6x10 e.uxlo_l5(E2) 0.092
. 1.3x10 -7(M1) 0.005
- 11 e - NI, U RS VA
2886  10.546 0.23 2 BJEQX10_18 7.5x10_i; 4 :3%107° 2886 3.9x10_ii “1i7x10 7, (E2)  aikk
. 1 4.87x10 5.3x10 2.8x10 l.7x10_15(E2) 0.61
, 1.0x107(ML) ©0.036
046 10.703 ~0.1 2 6.71x10:i$ 5.8xlO:ié 3. 7x10"2 3046 1.0x10:i§ 1.3x10'14(E2) 1.3
9.939 0.3%6 0 4.15x10 6.2x10 6.0x10 0.022
“a. Reference 5.
b. Reference 1k. 3
c.-Calculated: from the formulae given by Moszkowski (Reference 6).
d.: Referegnce-15. - Lo e e Dt e Y
e. Qqnvergipn_electrons. Strength parameter is]p|K = 0.035 (see Reference 16).

P )
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No.alpha group has beenldetecped-from the 1378-k§v lgvel° By comparison
with the E2 transitions from tﬁé;lé81a andﬁlhl6aké§ lévéis.ﬁhe ngﬁial gam@é
,half.life,0f~the115784kev_gamma ray}is.assuﬁéd.ﬁbibeifi&enfimeS.the singlé,'
particle value. 'This'a3sumptionngivesﬂa value‘df 2,7_alphas from this’leve1
per 106 gfbund-sta%é,tfaﬁéifibhs. This number ‘could easily be unresolved from
the abundant alpha group from the O+ ihlG-kev.lével; thus, the data on this
level are consistent with the alpha-decay data.

| The calcilaticis also erow that it-ig reasonsble that soms of the
Eaﬁma.fays from certain alpﬁé-emitting statés héve not.béen.detected. On the
other hand, the .second decay scheme allbws one to calculate relative reduced
transitionAprQbabilities,;ﬁe_(seevreferenceil),'for the decay of a few given
levels to the first excited state and to the ground state -of Pb210° This
.rgtio is shown in Table III,.-and is seen to increase greatly,as_the~energy
increases. This would indicate ﬁhat 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 fromvthose

D

of Hauser,” who used a .simpler potential and experimental level spacings. .The

calculations on the groups leading to excited.states,are very interesting. The

large variation in.reduced trangition probabilities shown in Table IIT indi-

cates that the assumption of alpha. decay to the exclted states of Pbelo.may

not be wvalid.

P0212

The level scheme and decay scheme .of Pq?%?vdue to Emery andrKane9

: o] 212
and.also to Sergeev et al,lo_is shown in .Fig..3. The results for Po .are

sumarized in Table IV. The gamma intensities and multipolarities are taken
100

from Emery,and.Kane9_and.the»Ievel.enefgies,from‘Sergeev.et al,
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TABLE I1I

Ratio of reduced width to first exc:Lted state -to reduced. Width to ground
state for Po2ll" alpha-emltting levels.

. S 2 ' '
Level (kev) : . - % (excited state)
® (ground state)
o _ K 10.086
2hhy , . ‘501

30k6 | I 58
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E(kev) I

)
2.3) E—— —

1800 O+

1680 (2+)
1620 I+
1513 7

893(0.6)
- LI074(~1)
1800](0.008)

785(1.6)}
1620((2.6)

7271(10.2)

727 2+

. 1513{(0.7)

MU-21293

Fig. 3. Level scheme and decay scheme of Pozl'2 as given by Emery and
Kane (reference 9). Ea in Mev includes electron screening correction
in kev. A1l intensities (in parenthesis) relative to 100 Po2l
ground state transitions.



TABLE IV

Poalg alpha-barrier penetration factors and partial half lives of excited states.
@ — - =
Ei ‘Energy E, with N Te ative o Barrier Partial relative Ey(kev) Partial  Sirgle partidle t
i’ level(kev) screening t6 10° ground- angular penetration & half tQ 102 ground- V¥ half life, Y. 5P
2 ~ correction state decays®, momentum factor, P .1ife (sec) state decays Fv (secS (sec) t1/2
3] 27
= : ‘(Mev) :
o) 8.810 10 0 1.32x10°>  3.04x107  --- a—— pee R e
-12- -8 1 a-l2 N B AN
~TeT 9.522 235 2 3.30x10 1.2x10 10.2 727 4.31x10 1.7x107 T (E) 41—
1680 10.452 |, 20 2 2.2ux10710 1.8x10_}0 0.6 953 6.0x1071> u.uxlo'lQCEe)'7.5
| F 2.9x10" 4 (u1) 0.048
- 1800 10.573 180 o 5.95x10 70 6.x07 1074 1.251072 2.4x10° 2 (@) 2.0
' 0.008 ¢ |
.
o
7
- .a. Reference 1h.
b. Calculated from the formulae given bthoszkowskl (Reference 6).
¢+ Conversion electrons.

.Strength.parameter isAlle

= .0.041 (see Reference .16).
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Partial alpha and gamma half liveg are calculated as in the case of
21k . .
-Po -above. The results here .differ by about a factor of two from those of
,Emerysand'Kane;9 who -also based their calculations on the ground-state decay
while using a simpler potential.
c o ~ o g 11,12,13
Ratios of single«particle half lives to experimental half Iiveg™
,for»first.exciﬁéd.(2+) states in even-even nuclei .are shéwn:in.Figu.L as a
. e s . 212 21k
function of mass number. The ratios. calculated here for Po and Po

. agree .very Wellfwith,the general trend,,indicating”that.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 nuclel—
ratio of single particle to experimental half-lives.
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