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ABSTRACT 

LBL-8l42 

It is shown that the rotational signatures for ground band alpha 

decay can be calculated from nuclear 82 and 84 deformation values. The 

alpha decay probability function over the nuclear surface is equated to 

the differences of the parent and daughter surfaces, hence to the changes 

in deformation parameters. It is suggested that deformation values can 

be used to infer alpha wave functions at the nuclear surface for alpha 

transfer reaction theory on rotational signatures. 
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It has long been recognized that relative intensity 

patterns to rotational band members in favored alpha decay 

are related to the angular dependence of the alpha wave 

function on the nuclear surface. 1 Later ve~y involved mi~ro-

scopic calculations with many Nilsson orbitals and pairing 

mixing were made, projecting out alpha wave functions on the 

nuclear surface. 2 These microscopic calculations, using the 

Froman matrix approximation 3 to propagate through the barrier, 

gave general satisfactory alpha rotational signatures. 

The idea that the alpha surface wave functions could be 

directly related to deformation changes was advanced some 

time ago,4 but not seriously tested until we undertook this 

work. 

Our starting point is to assume that the alpha decay 

surface wave function s~uared is equal to the difference 

between the surface of parent and daughter nuclei. 

= (1) 

[In some cases this difference is slightly negative for some 

values of e and a "shrinking factor" ~, slightly less than 

unity, is introduced during the course of calculations to 

just eliminate any negative difference.] We take the nuclear 

shapes as given by the usual spherical harmonic expansion 

Ree) = r AI/ 3 [1 + ~ B y (e,¢)] 
o ~ v vo (2) 

v>O 
even 



where r = 1.2 F. 
o 
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For deformation parameters we have taken in some cases 

the theoretical equilibrium shape distortion parameters £ 

,. 5 
and £4 of Moller, Nilsson and Nix to get 82 , 8

4
, 8

6 
and' 8

8 

6 using the relations biven by Seeger. In other cases we 

have taken 82 and 8
4 

from our unweighted least squares fitting 

of the experimental (homogeneous distribution) values of Bemis 

et al. 7 for 12 actinide even-even nuclei. The expressions 

below fit their data within experimental error except for 

132Th , which is slightly outside the limits. 

t\ (Z ,N) 0.6588 - 0.2040 Z + 0.001114 Z2 + 0.1166 N - 0.000380 N2 

(3a) 

B
4

(Z,N) = -46.322 +1.1646 Z - 0.006276 Z2 -0.08985 N + 0.0002571 N2 

(3b) 

Figure 1 plots the nuclear shape of the two daughter nuclei 

with the deformation-derived alpha wave function given by the 

distance from the surface to the outer curve. 

The alpha wave function on the nuclear surface is then 

expanded in a Legendre series of even order to give a column 

vector of amplitudes a o ' a 2 , a
4

, a
6

, a
8

, higher amplitudes 

being taken to zero. The coefficients at are calculated by 

integrating the following sim~le formula numerically 

2t + 1 
4rr dx , (4) 

rl 

i-< 
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where 6R(x) = 1+ L {Ef;f (3 P (x) 4lT V V v>O 
even 

and b = (1 - 4A)1/3 

and where A is the mass number of the parent. 

This surface function is then transformed to the alpha 

angular wave function somewhat beyond the barrier by left 

multiplying by a modified Froman matrix k~~, and by a 

diagonal matrix representing the differing centrifugal barrier 

terms encountered by different partial waves. The equation 

for the amplitudes in the external region is as follows: 

(5) 

where the W~/Go values are ordinary WKB penetration factors. 

The amplitude ratios c~/co can be compared directly with the 

inverse square root of the hindrance factor as given by the 

Oak Ridge da'ta ,groupS or the Table of Isotopes group. 9 

The Fr6man matrix elements were calculated by taking both 

quadrupole and hexadecapo1e deformation and electric moments 

into consideration. The two-dimensional WKB barrier integral 

ICr,e) was evaluated analytically along the lines of constant 

e from the nuclear surface to infinity. The matrix elements 

are then evaluated by numerical integration over e in the 

propagation integral 
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2n TI 

=ff 
o 0 

exp[I(oo,e)] Y~'o(e,~) sine ded~ 

(6) 

The integral acquires a small imaginary component, neglected 

by Fr6man, in the integration from the turning point to 

infinity. This component may be considered a Coulomb exci-

tation component. Unlike Froman the integral ICr,e) is 

not Legendre expanded but used directly numerically. 

In Fig. 2 and Table I are shown the calculated values of 

c~/co for two theoretical cases along with th~ reciprocal 

square roots of experimental hindrance factors. 

The agreement is quite satisfactory, somewhat better using 

the experimental deformation parameters than the theoretical; 

Certainly this· alpha rotational signature calculation based 

on nuclear shape changes in alpha decay is in as good agree

ment with experiment as the involved microscopic calculations. 2 

The signature is very sensitive to small deformation changes, 

so one might use the measured alpha signatures in inverse 

calculations to extrapolate the experimental deformations 

to neighboring nuclear regions. 

Another promising application of this approach is for 

alpha transfer reaction theory in the deformed ra~e-earth 

region. In this region alpha decay is not observable, so 

one would deduce the ground-to-ground band alpha surface 

wave function and then use it as a boundary condition in an 

alpha transfer code. 
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There is need for further refinements. The penetra~ion 

of the anisotropic barriei with realistic diffuse nuclear 

potential needs further study. The Froman matrix approximation 

needs study with a diffuse potential. Older coupled-channel 

studies did not include hexadecapole terms and diffuse nuclear 

potentials. The need for a "shrinkage factor" to avoid 

negative differences between parent and daughter surfaces is 

of some concern and suggests that some deeper relationship 

involving shape polarizabilities should be sought. 
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TABLE I. Calculated values of c 1/e
O 

are printed for values of B and Bobtain~d 
·24 

from Eqs. (3a,3b) [Thea. I ] , and the theoretical values B2 , B4 , ••• Be 

obtained from Ref. 5 [Thea. I I ] . Also, values of the experimental 

hindrance factor obtained from Ref. 9 are presented for comparison [Exp] . 

A U -----111 A PU-U A Cu --.Pu 

(daughter) 2+ 4+ (daughter) 2+ 4+ (daughter) 2+ 4+ 

Exp. 0.954 0.270 0.817 0.101 0.726 0.042 

Thea. I 230 0.979 0.220 234 0.896 0.190 240 0.731 0.067 

Thea. II 0.847 0.145 0.632 0.102 0.723 0.071 

Exp. 0.913 0.250 0.845 . 0.101 0.707 

Thea. I 232 0.937 0.205 236 0.889 0.149 242 0.686 0.040 I 

---J 

0.OS8 
I 

Thea. II 0.778 0.142 0.845 0.105 0.715 

Exp. 0.877 0.250 0.845 0.125 0.659 

Thea. I 234 0.899 0.191 238 0.743 0.090 244 0.644 0.016 

Thea. II 0.678 0.099 0.704 0.095 0.683 0.044 
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ALPHA WAVE FUNCTION. ON THE NUCLEAR SURFACE 

X B L 788-5669 

Fig. 1. Plot of the alpha wave function on the nuclear surface 

obtained from Eq. (1) for 234Th and 240pu . 
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Fig. 2. Plot of hindrance factor values against the mass number of 

. the daughter. The solid line gives the experimental 

values [ref. 9], the dashed line is for the smoothed 

experimental B2 and B" obtained by Eqs. (3a,3b) and the 

dotted line represents values obtained for the theoretical 

B2, B .. , .•. Ba [ref. 5]. 
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