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The transition probabilities W(E2, y) are known

only for the 2+ -O transitions; therefore, it is
necessary to use the theoretical ratio (1) to deter-
mine the relative transition probabilities for use
in (2). The relation

+l
, +' +' + W(EO, e;2 -2 )
i2 i2 2 =Q -Q

W(E2, y;2 -2 )

where n~ is the theoretical E2 convergion coef-
ficient, gives the desired ratio of transition prob-
abilities. The monopole transition probability
W(EO, e; 2+ -2+) was determined in turn from
(1) and the experimental B(E2;2+ -0)d values.
The nuclear monopole strength parameter, p, is
defined by

W(EO, e ) =Ops,

where 0, the electronic factor, is given graphi-
cally. ~

Reinere has treated the problem of monopole
enhancement for deformed nuclei and has derived
a formula for the ratio of the EO to E2 transition
probabilities from P-vibrational states. For Th'"
his formula leads to p, (2+; 2+ -2+) = 3.8, a value
which is intermediate between the experimental
values Obtained by Methods A and B. For U"',
however, Reiner's formula gives p(2+;2+ -2+)
=1.-4 which is a factor of ten larger than the value
obtained experimentally. The explanation of the

discrepancy is not apparent in terms of the simple
vibrational model used by Reiner, since Th"'
and U ss have similar atomic numbers, equilibri-
um deformations, and vibrational energies which
are the only parameters entering into the calcu-
lation. The values obtained for the nuclear
strength parameter p are close to the approxi-
mate value of &~ predicted by Church and Weneser
for 0+ -0+ transitions from vibrational states in
spheroidal nuclei. ~ Again, however, it is not
clear why the value of p should differ by a factor
of two between Th"' and U'". Perhaps one sees
in these discrepancies the influence of the dif-
ferent ground-state configurations.
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Since the early works on the alpha disintegra-
tion problem, the barrier for the alpha emission
has traditionally been taken to be purely Coulomb-
ian with an abrupt cutoff at the nuclear boundary
defined by some appropriate A~ law. Alpha
decay was first considered' by the present author

by assuming that the potential barrier is not pure-
ly Coulombian and should be taken as 2(Z -2)e'/r
- V, where V is defined as the short-range inter-
action between the emitted alpha particle and the
residual nucleus. Subsequently, the form of the
interaction, V, which is superposed on the

Coulomb field, has been taken differently by dif-
ferent authors ' in their calculations of the bar-
rier penetrability.

It is, however, worth while to note that in the
above calculations of the penetrability factor,
the nuclear part of the barrier has been taken to
be purely static, while the careful analyses of
the recent experimental findings strongly sug-
gest' ' the velocity dependence of both the nucleon-
nucleus and the alpha-nucleus interactions. On

the other hand, owing to the uncertainties in the
knowledge of the effect of the intranuclear dynamics
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on the half-lives of the alpha-emitting elements, it
is important that the calculation of the penetrabil-
ity factor be made with reasonable certainty by
taking all such points into consideration.

The purpose of the present work is therefore to
study the effects of the velocity-dependent char-
acter of the alpha-nucleus interaction on the mag-
nitude of the alpha-decay barrier penetrability
factor. For this purpose we have taken an inter-
action kernel possessing a nonlocal part repre-
sented by a 5 function approximated by a Gaus-
sian exponential, so that

f
V(r, r ) ='-V0fl '2' l5&(r -r ), (1)0

E

and

p$ 2

k')
where Vo and the form function, f (r), of the static
part are taken from Igo's potential, viz. , V, = 1100
Mev and f(r) =exp[-(r-1.17A~')/ 0574], r being
in fermis; and the extent of the nonlocality, b,
is given by Frahn" for nucleons as b=0.902~10 "

cm, which is also assumed by us to be the range
of nonlocality of nuclear potential for a particles.
Now using the above potential in the integro-
differential equation analogous to that taken by
Frahn and Lemmer, "we find the radial part of
the Schr5dinger equation for the emitted alpha
particle to be

d'u /dr'+ (2 p, /&') [&(r)E —(lf'/2g) l(l + 1)/y'

where

- 2(Z - 2)eae(r)/r + V,f(~)e(r)]u&

+pe(r)(f "(r)/4 -f '/2r+f 'u '/u ) =0, (2)

e(r) = [1+7'f (r)] ' and q = (lLb2/2lf2)VO.

Now in connection with the studies of nuclear
energies, Green" has shown that the terms cor-
responding to the part within second braces in (2)
contribute negligible shift of the eigenvalues.
Therefore, neglecting in Eq. (2) the terms in-
volving derivatives of f (r), and using the WKB
method of solution for simplicity, we find that the
penetrability factor for the ground state transi-
tions is given by

exp -2 -V, re ~ -F.e r dx.~(2p)'+) o 2(Z - 2)e e(r)
I ] J r (4)

The integral in the exponential has been cal-
culated numerically by using Simpson's rule and
taking 120 strips. The turning points rz and r,
remain unaffected as for a static potential since
the modifying factor e(r) in the iritegral is com-
mon to all the terms.

It is interesting to note that the effect of the
nonlocal interaction is quite remarkable. For
example, in the case of «,Fm', calculation
gives a value for the penetrability factor of
5.848 &&10 ', which is about double the value ob-
tained with the corresponding static potential,
viz. , 3.524 x10 '4.

Numerical calculations for the whole series of
the alpha-active elements and for their excited-
state transitions are in progress and a detailed
report will be published in due course.
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