
o u t t ransverse r e l a x a t i o n . T h i s decrease was ca lcu-
l a ted 2 0 , a n d the measured values were co r rec ted . 

A l l measu remen ts were p e r f o r m e d at a tempera -
t u r e o f the samp le o f 3 0 ° C ; the resul ts are g i v e n 
i n c o l u m n 4 o f T a b l e 2 ; the e r r o r s are t he m a x i -
m u m e r r o r s . 

C o m p a r i n g the T2 va lues a t ta ined b y the spin-echo 
techn ique o f C a r r a n d P u r c e l l w i t h those ca l cu la ted 
f r o m the l i n e w i d t h s , there is agreement w i t h i n the 
l i m i t s o f e r r o r w i t h GeCl 4 , GeBr 4 , and GeMe 4 . T h e 

20 W. SAHM, Diplomarbeit, Tübingen 1970. 

r e l a x a t i o n t i m e T2 o f G e ( O C H 3 ) 4 , measu red b y the 

C a r r - P u r c e l l techn ique , c o r r e s p o n d s to tha t calcu-

l a ted f o r a s ing le l i n e b y the least square fitting 

r o u t i n e . T h e r e l a x a t i o n t imes o f the o the r ge rma-

n i u m a l ky l es do n o t c o r r e s p o n d w i t h the w i d t h s o f 

the N M R - l i n e s , as these l ines cons is t i n an unreso lv -

ed s p e c t r u m o f m a n y s ing le N M R - l i n e s . 

W e l i k e to thank P ro f . D r . H . K R Ü G E R for his sup-
por t of th is work , D r . O . L U T Z for many he lp fu l dis-
cussions, and the Deutsche Forschungsgemeinschaft for 
f inanc ia l support . 
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Among the numerous doubts associated with the estimation of the alpha-decay penetrabilities, 
two queries have been selected in order to investigate their justi f ication: is the ambiguous 
determination of a-nucleus potential a real obstacle and is the JWKB an inadequate approximation ? 

I n the s t u d y o f a lpha decay, theore t i ca l successes 

have been i n v a r i a b l y achieved o n l y i n r e p r o d u c i n g 

the gene ra l fea tures o f e x p e r i m e n t a l data , i . e. i n 

e x p l a i n i n g b e h a v i o u r s b u t n o t abso lu te va lues. T h u s 

the first g rea t a c c o m p l i s h m e n t was the e x p l a n a t i o n 

o f the m a r k e d dependence o f the h a l f l i f e u p o n the 

e n e r g y o f the em i t t ed a -pa r t i c l e as due t o the ene rgy 

dependence o f t he p e n e t r a b i l i t y f a c t o r 2 a n d the 

second was the e x p l a n a t i o n o f the reduced w i d t h s 

v a r y i n g w i t h the mass n u m b e r as due to the va r i a -

t i o n o f the a - p a r t i c l e f o r m a t i o n p r o b a b i l i t y w i t h the 

leve l ass ignments o f the mos t loose ly b o u n d f o u r 

nuc leons 3 . 

A s f o r abso lu te va lues, no approach has g i v e n a 

s a t i s f a c t o r y e x p l a n a t i o n , a n d every t ime the au tho rs , 

i n t h e i r conc lus ions , n u r t u r e d the hope tha t the dis-

c r e p a n c y r e c o r d e d was l a rge l y due to some i nsu f f i -

c ienc ies i n the d e t e r m i n a t i o n o f the pene t rab i l i t i es . 

T h e i m p o s s i b i l i t y o f u n e q u i v o c a l d e t e r m i n a t i o n o f 

the a -nuc leus p o t e n t i a l , the i naccu racy o f the first-

Reprints request to Prof. Dr. A. S Ä N D U L E S C U , Inst i tutul de 
Fizica Atomica, Casuta Postala Nr. 35, Bukarest, Rumä-
nien. 

1 G . G A M O V , Z . Physik 5 1 , 2 0 4 [ 1 9 2 8 ] . 
2 U. E. C O N D O N and R. W. G U R N E Y , Nature London 1 2 2 , 

4 3 9 [ 1 9 2 8 ] . 
3 H. J. MANG, Phys. Rev. 119,1069 [ I960 ] . 
4 H. J. MANG, Ann. Rev. Nucl. Sei. 14 ,1 [1964]. 

o r d e r J W K B a p p r o x i m a t i o n , the n o n l o c a l i t y o f the 

p o t e n t i a l b a r r i e r , the unce r ta i n t i es i n assessing the 

decay energ ies , the neg lect o r a p p r o x i m a t e cons ide-

r a t i o n o f the c o u p l i n g be tween d i f f e ren t poss ib le 

channels, are o n l y some o f the n u m e r o u s i nsu f f i c i en -

cies i n v o k e d 4 - 8 . 

T h e first t w o have been t aken u p i n th is le t te r i n 

o r d e r to es tab l i sh i f these can r e a l l y be he ld respon-

s ib le f o r the sa id d i s c r e p a n c y , o f some o rde rs o f 

m a g n i t u d e , e x i s t i n g be tween the theo re t i ca l and the 

e x p e r i m e n t a l abso lu te va lues o f the decay cons tan t . 

F o r t h i s p u r p o s e we have a p p l i e d the t heo re t i ca l 

c o n s i d e r a t i o n s b r i e f l y r e v i e w e d b e l o w to the g r o u n d -

g r o u n d state t r a n s i t i o n s i n even-even p o l o n i u m iso-

topes. 

A l p h a - d e c a y cons tan t has l o n g been cons ide red 9 

to be a p r o d u c t o f the p r o b a b i l i t y o f a - p a r t i c l e f o r -

m a t i o n i n s i d e the nuc leus a n d the p r o b a b i l i t y o f 

w h e r e R\n and /? o u t a re the i n t e r n a l a n d ou te r t u r n -

i n g p o i n t s g i v e n b y Q ( r ) = 0 . 

5 G Y . B E N C Z E and A . S Ä N D U L E S C U , Physics Letters 2 2 , 473 
[1966]. 

6 G Y . B E N C Z E , Physics Letters 23, 713 [1967]. 
7 E . A . R A U S C H E R , J. O . R A S M U S S E N , and K. H A R A D A , Nucl. 
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this particle penetrating the nuclear and coulombic 
barrier, expressed in the form 

A = £ a * ( r e ) P ( r c ) (1) 

where rc is the channel radius. 

In agreement with most previous works we will 
use the following definition for the penetrability 
factor P(r c ) 

P ( r c ) = 2 * r c - | i / , ( o o ) | V | y M 2 (2) 

where y>(r) is the radial outgoing wave of the 
Schrödinger equation 

+ < ? 2 ( r ) y = 0 , 

Q2(r) = 
2 m 

h2 

Here E is the alpha decay energy, i. e. the experi-
mental a-particle energy corrected by recoil and 
electron screening 10, z the charge of the initial nu-
cleus and U (r) the alpha-nucleus potential assumed 
to be of Woods-Saxon form 

U(r) = -V0 1 + exp r-R„ (4) 

V0 being the depth, R0 = r0 A'1' the radius and a the 
diffusivity of the potential. 

If the first order JWKB approximation is used the penetrability factor (2) becomes 

P ( r c ) ^ 2 | < ? ( r c ) | r c - e x p 
Rn\ 

- 2 f I <?(£)! df 

rcQ(rc) e x p [ — 2 / Q& d £ ] 

P(r c ) ^ — *!• 
2 cos2[/'<?(!) 

f o r Rin<rc<Rout> 

for rc<Rm. (5) 

In order to visualize the effects of the well known 
ambiguities of the optical model analysis of a-par-
ticle elastic scattering on alpha penetrabilities we 
have plotted in Fig. 1 the reduced widths <52(8.6 fm) 
derived from Eq. (1) as function of mass number. 
We have used the existing experimental data (see 
Table 1) and the three sets of Woods-Saxon para-
meters, which yield minimum ^-values for the 
angular distribution of a elastic scattering on Bi 
target, obtained in Ref. n . 

From this figure we see that only the shallow 
potential (curve a) can be distinguished from the 
other two deep potentials (curves b and c ) . This 
characteristic remains the same even if we compute 
the penetrabilities for every isotope in its turning 
point. 

Based on the coupled channels analysis combined 
with cluster information about the bound states 12 

or on the calculation of composite-particle potentials 
from the known nucleon potentials 5 ' 1 3 we can ex-
clude the shallow potential (curve a). 

1 0 J. 0. RASMUSSEN, in: a-, ß- and y-ray spectroscopy, ed. by 
K. SIEGBAHN. North-Holland Publ. Co., Amsterdam 1965, 
Chapt. 11, p. 703. 

11 L. MCFADDEN and G. R . SATCHLER, Nucl. Phys. 84 . 1 7 7 
[1966]. 

t£H 196 !9S COO 202 2CM 206 208 210 212 2« 216 218 

Mass number 

Fig. 1. The experimental reduced widths (52(rc = 8.6 fm) for 
Polonium isotopes for the following three sets of Woods-Saxon 
parameters 11: 

Seta: F0= 58.8 MeV, r0 = 1.454 fm, a=0.560 fm. 
Set b: F0 = 124.7 MeV, r0 = 1.380 fm, a=0.566 fm. 
Set c: F0 = 177.3 MeV, r0 = 1.342 fm, a=0.569 fm. 

1 2 W . J . T H O M P S O N , G . E . C R A W F O R D , and R . H. DAVIS, Nucl. 
Phys. A 98, 228 [1967]. 

1 3 J. R . ROOK , Nucl. Phys. 6 1 , 219 [1965]. 



Table 1. Experimental data for alpha-decay ground state tran-
sition of even-even polonium isotopes. 

Mass Experi- Corrected Branching Total 
number mental energies ratios half-life 

energies 
[MeV] [MeV] [%] [second] 

194 6.850 7.026 100a 0.5 
196 6.530 6.698 100a 5.9 
198 6.160 6.319 100 a 1.02 X 102 

200 5.850 6.001 12.2 6.84 xlO2 

202 5.581 5.726 2 2.7 X103 

204 5.376 5.515 0.645 1.296 XlO4 

206 5.224 5.359 5 7.6 XlO1 

208 5.114 5.246 100 9.24 XlO7 

210 4.305 5.440 100 1.196X107 

212 8.785 8.986 100 3.05 XlO-7 

214 7.687 7.865 100 1.643 XlO-4 

216 6.777 6.937 100 1.45 XlO-4 

218 6.002 6.146 99 1.83 XlO2 

a Assumed value in the absence of experimental data. 

As the two remaining possibilities (curves b and 
c) are superposed we conclude that the determina-
tion of Woods-Saxon parameters from the fit of 
alpha decay data is not possible, since such a proce-
dure leads to the same ambiguities as the optical 
model analysis of elastic scattering data. 

As regarding the exact and JWKB values of the 
penetrability factor, rather different conclusions 
have been already reported 5 ' 1 4 '15. 

The validity of the approximate formulas (5) 
have been tested by comparing their rc dependence 
with that of the exact formula (2 ) . The results for 
three Polonium isotopes are represented in Figure 2. 
Despite the similitude between JWKB and exact 
curves we consider the JWKB approximation as a 
somewhat inadequate method owing to its inappli-
cability round the internal turning point R m . This 
area of 0.3 fm to the left and 0.4 f to the right is 
the only physical region where the origin of the 
a-particle may be looated16. Even without taking 
into acount physical reasons the phase-integral me-
thod can not be applied far inside the barrier where 

14 L. SCHERK and E. W. VOGT , Canad. J. Phys. 46, 1119 
[1968], 

1 5 L . GR. IXARU and H . J. KREUZER, Energia Nucleare 1 7 , 6 2 
[1970], 

16 H. D. ZEH, Z. Physik 175, 490 [1963]. 
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Fig. 2. Comparison of exact and JWKB penetrabilities for 
212, 208 and 210 polonium isotopes (from down upward). 
F0 = 198 MeV, r0 = l,35 fm, a=0.59 fm stand for the used 

set of parameters 18. 

a restriction of its valability occurs and where 
higher approximation must be used 17. On the other 
hand the region inside the nucleus can be employed 
only up to the proximity of the first zero of y ( r ) , 
i. e. at most one fermi from the internal turning 
point. 

Finally, we can conclude that neither the JWKB 
method nor the ambiguous shape of alpha-nucleus 
potential can explain the discrepancy in the absolute 
values of alpha decay constant. 

17 N. FRÖMAN , Ark. Fys. 31, 381 [1966]. 
18 L . GABRIELLI, B . G . HARVEY , D . L . HENDRIE, J . MAHONEY, 

J. R. MERIWETHER, and J. VALENTIN , Nuovo Cim. 6 1 B , 
177 [1969]. 


