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Abs t rac t 

The a -decay ra tes of I 8 6 , i 8 8 , i 9 0 , i 9 2 p b n a v e 

been reported to have an anomalous dependence on 
neutron number. Theoret ica l c a l c u l a t i o n s do not 
reproduce t h i s unusual behavior. To obta in more 
p rec i se a -decay branching r a t i o s , we r e i n v e s t i g a t e d 
the decay propert ies of I 8 8 , i 9 0 , i 9 2 p b # Qur data 
r e s u l t in a -decay reduced widths whose dependence 
on N i s s i m i l a r to that observed fo r other 
e lements. 

A rather regu la r behavior as a func t i on of 
neutron number i s observed fo r the reduced widths 
of a -decay t r a n s i t i o n s which connect ground s t a t e s 
of doubly-even i s o topes . These s-wave t r a n s i t i o n s 
have reduced widths that are l a r g e s t f o r parent 
nuc le i with a few nucléons beyond a c losed she l l 
and which then decrease as the next she l l i s 
approached. In c o n t r a s t , the s-wave widths of 
I 8 6 , i 8 8 , i 9 0 , i 9 2 p b n a v e b e e n r epor ted 1 ) to behave 
anomalous ly. Their widths were f ound 1 ) to increase 
by a f a c t o r of 30 between 1 8 6 P b (N=104) and 1 9 2 P b 
(N=110) instead of decreas ing in value as the 
neutron number approached 126. This unusual 
behavior has not been reproduced by theore t i ca l 
c a l c u l a t i o n s 2 ' 3 ) . 

In Ref. 1 the a -decay branching r a t i o s were 
obta ined by comparing a - p a r t i c l e and K x - ray 
count ing r a t e s . The determinat ion of an e l e c t r o n -
capture plus pos i t ron ( E . C + 3 +) decay s t rength 
from K x - ray i n t e n s i t i e s e n t a i l s a number of 
c o r r e c t i o n s . To obta in more r e l i a b l e a - b ranch ing 
r a t i o s , we undertook the i n v e s t i g a t i o n of the 

( E . C + ß +) decay propert ies of these neutron-
d e f i c i e n t lead n u c l e i . 

The i sotopes 1 9 2 P b , 1 9 0 P b and 1 8 8 P b were pro
duced in 1 8 0 W ( 1 6 0 , x n ) reac t i ons by bombarding 
tungs ten , enriched in 1 8 0 W to 92.6%, with 1 6 0 ions 
acce lerated in the Oak Ridge isochronous c y c l o t r o n . 
React ion products were then mass-separated by us ing 
the UNISOR (Un i ve r s i t y I sotope Separator at Oak 
Ridge) o n - l i n e f a c i l i t y , c o l l e c t e d onto an auto 
mated tape system and t ranspor ted to count ing 
s t a t i o n s fo r r a d i o a c t i v e a s say . S i n g l e s and 
coincidence y - r a y data were accumulated s i m u l 
taneous ly with two large-volume Ge(L i ) de tec to r s . 
A l s o , the product ion y i e l d s f o r 1 9 2 P b and 1 9 0 P b 
were large enough to a l low us to obta in conver s i on -
e lec t ron data by us ing a S i ( L i ) detector . With 
these data , (E .C . + 3 ) decay schemes were con
s t r u c t e d . For the determinat ion of branching 
r a t i o s , s i n g l e s y - r a y and a - p a r t i c l e spectra were 
measured with the Ge(L i ) and S i (Au ) detectors 
placed in c a l i b r a t e d geometr ies. The a -decay 
s t rengths were ca l cu l a ted from the observed i n t e n 
s i t i e s O f the a groups O f 1 8 8 , 1 9 0 , 1 9 2 p b # T n e 

(E .C. + 3 +) s t rengths were obtained from the i n t e n 
s i t i e s of prominent y - r a y t r a n s i t i o n s u t i l i z i n g the 
proposed decay schemes (see F i g . 1 ) . The a -decay 
branches were then determined from the two decay 
s t r eng th s . 

These r e s u l t s have been recent ly pub l i shed , 
and the in te res ted reader i s re fer red to the p u b l i 
ca t i ons for de ta i l ed d i s c u s s i o n s of the decay 
c h a r a c t e r i s t i c s of 1 9 2 P b (Ref. 4 ) , 1 9 0 P b (Ref. 5 ) , 
and 1 8 8 P b (Ref. 6 ) . Here in , we examine the p a r t i a l 
a h a l f - l i v e s fo r a l l three nucle i w i th in the frame
work of a decay-rate sys temat ics fo r elements with 
1 > 78. In our d i s c u s s i o n we cons ider the a -decay 

* ) Operated by Union Carbide Corporat ion under Contract No. W-7405-eng-26 with the U.S. Department of 
Energy 

* * )Nuc lea r Phys ics research at the U n i v e r s i t y of Tennessee i s supported by the U.S. Department of Energy 
under Contract No. DE-AS05-76ER04936. 

UNISOR i s a consortium of 13 i n s t i t u t i o n s and i s supported by them and by the U.S. Department of Energy 
under Contract No. DE-AC05-760R00033 with Oak Ridge Assoc ia ted U n i v e r s i t i e s . 

- 174 -



E(keV) 

2000 n 

1250 -
1250 -

1000 -

500 -

0 J 

""Vi 
81 107 

0 - ? 

1 9 0T1 
81 410» 

p-> 

p-> 

-i2=L 
81 111 

F i g . 1 Decay schemes f o r 1 9 2 P b and 1 9 0 P b shown t o ge the r w i th the proposed p a r t i a l scheme f o r 1 8 8 P b . 

r a t e s w i t h i n a t h e o r e t i c a l context so tha t r e l a t i v e 
p r o b a b i l i t i e s can be ob ta i ned . In the f o r m a l i s m 7 ) 
u s e d , a reduced w i d t h , <5 2 , i s de f i ned by the 
e q u a t i o n , x = <5 2 P/h , where \ i s the decay c o n s t a n t , 
h i s P l a n c k ' s c o n s t a n t , and P i s the p e n e t r a b i l i t y 
f a c t o r c a l c u l a t e d f o r the a - p a r t i c l e to tunnel 
t h r ough a b a r r i e r . 

Decay e n e r g i e s and p a r t i a l a h a l f - l i v e s 
a re needed to compute a -decay reduced w i d t h s . In 
Tab le 1 we compare these q u a n t i t i e s f o r 1 8 8 P b , 
1 9 0 P b and 1 9 2 P b , as obta ined i n our cu r ren t i n v e s 
t i g a t i o n s w i t h data repor ted i n R e f s . 1 and 8 - 1 1 . 

1 0 ° 

D i s c r e p a n c i e s can be noted i n the case of i 8 8 P b and 
1 9 0 P b a - b r a n c h e s . The new branches i n c r e a s e the 
c o r r e s p o n d i n g w idths by f a c t o r s of 7.6 and 4 . 5 . 
C o n t r a s t i n g l y , our width f o r 1 9 2 P b , 0 .049 MeV, i s 
much l e s s than the va lue of 0 .094 MeV c a l c u l a t e d 
f rom the e a r l i e r da ta . Here the d i s c r e p a n c y i s due 
p r i m a r i l y to the f a c t t ha t the n u c l i d e ' s h a l f -
l i f e 1 * ) i s 3.5 min, r a t h e r than 2.3 min as r epo r t ed 
by Le Beyec et a l _ . 8 ) and used i n Re f . 1 . 

F i g u r e 2 shows s-wave reduced w id th s f o r 
n u c l e i w i th Z from 78 t o 100 p l o t t e d as a f u n c t i o n 
o f N. I n f o rma t i on used to c a l c u l a t e the reduced 
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F i g . 2 Reduced widths f o r s-wave a t r a n s i t i o n s p l o t t e d as a f u n c t i o n of N f o r i s o t o p e s w i t h Z from 78 to 

100. The dashed l i n e connects w id th s f o r 1 8 6 > 1 8 8 » i 9 0 , i 9 2 P b c a l c u l a t e d from e a r l i e r data (note tha t 
t he 1 8 6 P b va lue i s an e s t i m a t e ) . The open p o i n t s f o r Z=82, connected by the f u l l l i n e , are 
w i d t h s f o r I 8 8 » i 9 0 , i 9 2 p b c a l c u l a t e d from our exper imenta l r e s u l t s . 
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widths f o r i sotopes with A > 196 i s taken from 
R e f s . 12, 13. Data fo r l ead , mercury; and platinum 
nuc le i are taken from Table 1 ; Re f s . 9, 10, 14; and 
Ref . 15, r e s p e c t i v e l y . One sees in F i g . 2 the 
r e g u l a r i t y of the reduced widths as a func t ion 
neutron number with the extremely sharp break at 
N=126. Th i s d i s c o n t i n u i t y has been shown (see e.g. 
Ref. 16) to be e s s e n t i a l l y a she l l s t ruc tu re 
e f f e c t . A l e s s pronounced minimum i s observed fo r 
the subshel l c l o sure at N=152. The reported lead 
anomaly i s ind ica ted by the dashed l i n e in F i g . 2 
which connects the I 8 6 , i 8 8 , i 9 0 , i 9 2 p b widths c a l c u 
l a t e d from the e a r l i e r data summarized in Table 1. 

The widths fo r I 8 8 , i 9 0 , i 9 2 p b 9 computed from 
our data, are shown by the open p o i n t s . They have 
a dependence on N which i s s i m i l a r to that observed 
fo r other elements. To v e r i f y t h i s , the present 
study has to be extended to 1 8 6 P b . Such an i nve s 
t i g a t i o n i s needed p a r t i c u l a r l y because the 1 8 6 P b 
width l i s t e d in Table 1 i s not based on a measured 
a -branch but rather on an e s t i m a t e 1 ) . Necess i ty 
f o r a measurement i s emphasized by the f a c t that 
the more recent h a l f - l i f e r e p o r t e d 1 0 ) for 1 8 6 P b 
leads to a s ub s t an t i a l increase in the ô 2 value 
(see footnote f in Table 1 ) . 

Table 1 . 

Alpha-decay proper t ie s of 1 9 2 P b , 1 9 0 P b , 1 8 8 P b , and 1 8 6 P b 

Current . 
I n v e s t i g a t i o n s 3 / 

Ear l i er 
Data Ref. 

1 9 2 P b E a (keV) 5112 (5) 5110 b) 11 

T 1 / 2 (min) 3.5 (1) 2.3 (5) 8 

a -branch 5.7 x 10 -5 ( 1 0 ) 6.9 x 1 0 " 5 (24) 1 

ô 2 (MeV) 0 . 0 4 9 ^ 0 . 0 1 , 0.094 

1 9 0 P b E a (keV) 5577 (5) 5580 (10) 8 

T i / 2 ( m i n ) 1.2 (1) 1.2 (2) 8 

a -branch 9.0 x lu"3 (20) 2.1 x lu"3 (y) 1 

ô 2 (MeV) 0 . 0 9 4 + 0 ' 0 3 6 
- 0 . 0 2 8 

0 . 0 2 1 + 0 - 0 1 7 

- o . o i o 

1 8 8 P b E a (keV) 5980 (5) 5980 (10) c ) 8 

T i / 2 (s) 22 (2) 24.5 (15) <0 9 

a -branch 0.22 (7) 3.3 x 1 0 " 2 (11) 1 

<52 (MeV) 0 . 1 1 4 + 0 . 0 5 5 
- 0 . 0 4 1 U , U i b - 0 . 0 0 7 

1 8 6 P b E a (keV) 6320 (20) e ) 8 

T i / 2 ( $ ) 8 (2) f ) 8 

a -branch 4.8 x 1 0 " 2 9) 1 

ô 2 (MeV) 0.0028 

a )Data f o r 1 9 2 P b , 1 9 0 P b , 1 8 8 P b are taken from Ref. . 4, Ref. 5 and Ref. 6, 
r e s p e c t i v e l y . 

b ) 0 t h e r va lue: 5060 (30) keV (Ref. 8 ) . 

c ) 0 t h e r va lues : 5975 (15) keV (Ref. 9) and 5990 (15) keV (Ref. 10) . 

d ) 0 t h e r va lue: 26(2) s (Ref. 8 ) . 

e ) o t h e r va lue: 6332 (10) keV (Ref. 10) . 

f ) o t h e r va lue: 4.79 (5) s (Ref. 10). This h a l f - l i f e y i e l d s a 6 2 of 0.0047. 

^ E s t i m a t e . 
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DISCUSSION 

P.G. Hansen: The " lead anomaly" in the a lpha widths 
depends on what you cons ider normal. Wouldn ' t you 
say that the s u r p r i s e i s that the widths are so 
h i gh?Th i s i s the feature that i s being confirmed by 
your work, whi le we might have expected a very small 
W a as f o r the est imate based on the Orsay r e s u l t f o r 
1 8 6 Pb . . . . 

C i ? . Bingham: I would l i k e to comment on t h a t . I t 
does seem a l i t t l e s u r p r i s i n g tha t the reduced 
widths are so h igh f o r the c losed s h e l l Pb n u c l e i . 
The widths are even higher than those f o r Pt (Z=78) 
and Hg (Z=80) n u c l e i . However, we note tha t they are 

lower than those f o r Z=84, 86, e tc . Thus, one might 
sugges t tha t perhaps there i s a nuc lear phys ic s 
reason f o r suppress ing the reduced widths of the Pt 
and Hg decays. 

J.L. Wood: The anomalous r a va lues in the Pb - Hg -
Pt i so topes may be r e l a t e d to very unusual ground 
s t a te s t ruc tu re in the Pt i s o t o p e s . I w i l l speak of 
t h i s po int in my t a l k . 

R.A. Sorensen: The "anomalous" r e s u l t s f o r Pb a t 
Z=82, N=114 are probably due to the f a c t tha t Z=82 
i s not a magic number a t N=114, as w i l l be d i s cu s sed 
in my p re sen ta t i on . 
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