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Complete details are given in a paper submitted
elsewhere. '

The results of our calculation for "'Ta, "'Ho,
and "'Tm are displayed in Tables I, II, a d ID,
respectively. %e indicate the values of the pa-
rameters for which these calculations were made.
The values of the parameters are generally with-
in the acceptable region of fit for the respective
nuclei. If more than one transition is indicated,
the energy is the weighted average (weighted ac-
cording to calculated intensities of the E 1 radia-
tion). The corrections listed with the weighted
averages represent the difference we would ob-
tain for the weighted result calculated with and
without making the corrections.

One observes from the tables that there is con-
siderable variation in the total corrections from
nuclide to nuclide. The total corrections for the
K x-ray transitions vary by as much as 3.09 keV
and for the L x-ray transitions the corrections
vary as much as 3.73 keV. %e also note that
within a single nuclide, there is a large variation.
In "'Ho we encounter a variation as large as

3.25 keV in K x-ray transitions and 2.88 keV in
the L x-ray transition.

In looking at the contributions of the individual
parts to the total correction we find that the ex-
tended-space part varies by 2.25 keV for both K
and L x-ray transitions. The variation in the nu-
clear-polarization correction varies by as much
as 2.50 keV in ~s'Ho.

It is, therefore, not possible to account for the
effects of either correction by the addition of con-
stant amounts of energy to the values of the cal-
culated energies. Nor can the total correction be
obtained by adding a constant number to the ener-
gy of the transitions calculated without the cor-
rections.
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For the case of the Reid soft-core potential the elastic neutron-deuteron scattering is
studied. The three-nucleon equations are solved exactly for the pure s-@rave parts of the
bvo-nucleon 7.' matrix vrhile the higher partial-wave components of the force are treated
perturbatively. Results are presented at 14.1 and 46.3 MeV. In particular, it is found
that the pronounced minimum in the elastic cross section at higher energies, calculat-
ed vrith pure s-@rave interactions, is filled in predominantly by the d-wave component
of the deuteron.

Although there exist by now various three-body
calculations on polarization phenomena, all of
these studies have been carried out with separa-
ble forces. ' On the other hand, solutions have
been presented only for simple local s-wave po-
tentials. ' One of the remarkable results of the
latter calculations is the considerable improve-
ment of the elastic cross section in the forward
direction compared to the results of s-wave sep-
arable interactions, whereas there is a signifi-

cant effect in this region of the presence of P-
wave forces in the separable case. Therefore
it is interesting to study the effects of inclusion
of higher partial-wave components in the nuclear
force in the case of local interactions.

In this Letter we report on a calculation of n-d
elastic scattering using the full Reid soft-core
interaction. ' For this interaction exact numeri-
cal solution of the Faddeev equations is preclud-
ed by computational limitations in view of the
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large number of coupled channels. We therefore
have taken resort to a perturbational treatment
of the non-s-wave components in the nuclear
force. The same procedure has been success-
fully applied in the case of separable interac-
tions. ' '

The general analysis of the Faddeev equations
proceeds in the same way as in Ref. 2. The tran-
sition matrix for n-d elastic scattering, which is
given in the notation of Ref. 2 by

m =",(f I(s-H, )l x&", +2",(f I g „'(~+i~)li &".,
get m

k wm, lw1,

with T„' satisfying the Faddeev equations

z (~)=r, (z)v„, —g r, (~)G,(~)z'„(~),
m&l

can be treated perturbatively with respect to the
non-s-wave parts of the two-nucleon interac-
tions. Because of the occurrence of d-wave com-
ponents in the deuteron wave function we may ac-
cordingly write for the initial and final states
I ~& =

I
~'&+ ~l ~'& and

I f &
=

I f '&+ ~l f '» wh~~~ &I ~'&

and Xl f '& represent the d-wave parts of the deu- .

teron. Furthermore, the two-nucleon T matrix

I I I I & & I I I I & & ~ & 12
n -d scatter ing

E
~ b =14.1

~ J.C. Allred et al
+J.D. Seagrave
, p A.C. Berick et al 14.3 MeV

can be split into two parts,

T = T ")+ XT & ')
Z Z

(3)

100. I I, I I I I I I & & ~ I

where T, '" is identified as the 'S, and s-s ele-
ments of the 'S,-'D, channel of the two-nucleon
T matrix. For the second term in Eq. (3) we
take the s-d and d-d matrix elements of the 'S,-
'D, channel; the D2 D2 P Pp and 'P, chan-
nels; and the p-p matrix elements of the 'P, -'E,
channel of the two-nucleon T matrix.

With use of the above separations, Eg. (1) can
be simplified in a straightforward way up to the
first order in the parameter A.. In so doing, the
S-matrix element M can be expressed in terms
of the solutions to the Faddeev equations with

only s-wave two-body T-matrix elements. The
latter equations are solved in the same way as
in Ref. 2 employing the Pads method. As a check
on the computer code, we used Pieper's separa-
ble potential set D to recalculate his numerical
results at 10.04- and 22.7-MeV neutron lab en-
ergy. ' The three-nucleon scattering amplitudes
were in agreement with his results. Stability
checks indicate that the numerical inaccuracy in
our results is a few percent.

Subsequently, using the Reid soft-core poten-
tial, calculations were carried out up to 50-MeV
neutron lab energy. Some results at 14.1 and
46.3 MeV are shown in Figs. 1-5. The differen-
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FIG. 1. Differential cross section at 14.1 ]VfeV for
various choices of two-nucleon interactions:
pure s waves in So and 38& and pure s-wave deuteron
wave function normalized to 1. —~ —,So, S&, P&,
3PO~ 3P&, 3P2, and pure s-wave deuteron. ———,'So,
38&- D&, and deuteron including d-wave component.

, full Reid soft-core potential.
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FIG. 2. Differential cross section at 46.3 MeV. The
curves are the same as in Fig. 1.
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FIG. 3. Neutron polarization at 14.1 MeV:
Sp S1 D j P1 +p Pi and P2 ~ Other curves are

the same as in Fig. 1.

FIG. 4. Neutron polarization at 46.3 MeV. The
curves are the same as in Fig. 3. The data are from
Refs. 8 and 11.

tial cross section at 14.1 MeV is shown in Fig. 1,
together with experimental points near this en-
ergy. ' From this we see that if we include only
s-wave components in the two-body T matrix and
keep only the s-wave part of the deuteron with
normalization 1 the results are similar to the
case of the simple s-wave potentials. ' By com-
paring Fig. 1 with Fig. 7 of P, it is clear that
inclusion of the p-wave forces gives an increase
in the forward direction which is less for the lo-
cal potential than for the separable potential.
This is intuitively expected because the repulsive
core in the local s-wave potential reduces the ef-
fect of the higher partial-wave forces. In Fig. 2

is shown the cross section at 46.3 MeV. '' The
very deep minimum which is found by using only
s-wave parts of the two-body T matrix is raised
significantly by including the d-wave component
of the deuteron. This strongly suggests that the
d-state probability of the deuteron may be ob-
tained by detailed study of this region. It should
be noted that a similar effect has been suggested
to explain the discrepancy found at the position
of a minimum in the breakup cross section. '

Figures 3 and 4 show the nucleon polarization
at 14.1 and 46.3 MeV.'" " Our results con-
firm the conclusions of the other authors, that
the dominant contribution comes from the p-
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FIG. 5. Deuteron vector polarization at 14.1 MeV.
The curves are the same as in Fig. 3.

wave forces but that the other partial-wave com-
ponents also give important contributions. For
this polarization we find a reasonable agree-
ment with the data only at higher energies. At
14.1 MeV the separable potentials give a better
fit, while at all angles, but especially in the
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backward maximum, our curve is too low. More-
over, the calculated height of the backward max-
imum is energy dependent, whereas experimen-
tally it is found to be nearly constant between 15
and 50 MeV. " Finally, the deuteron vector po-
larization at 14.1 MeV is displayed in Fig. 5.
There is only qualitative agreement with the da-
ta at 14.95 MeV. The results of Fayard, Lamot,
and Elbaz' and Doleschall" indicate that here
part of the differences can be attributed to the
use of perturbation theory. The dip for interme-
diate angles is not deep enough. However, since
the experimental minimum is found to be strong-
ly energy dependent, the situation is probably
slightly better than shown. "

To conclude, with the notable exception of the
forward differential cross section where the
presence of the repulsion in the local s-wave po-
tentials reduces the effect of the higher partial-
wave forces, the sensitivities of the n-d observ-
ables are qualitatively the same for the local po-
tentials as for the separable potentials. Further-
more, the pronounced dip near the minimum in
the cross section which is found at higher ener-
gies using only s-wave potentials is filled in pre-
dominantly by the contribution from the d-wave
component of the dueteron. As a result, the de-
scription with local interactions is in reasonable
agreement with the data for the differential cross
section over the whole energy range considered.
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Cross sections are presented for the production of 7Li and YBe in the a +e reaction be-
tween threshold and 140 MeV. Implications of these measurements for the problem of
the origin of VLi in the universe are discussed.

The observed abundances of most stable nu-
clides can be understood in terms of two main
processes: (1) nucleosynthesis during stellar
evolution, ' which applies principally to carbon

and heavier elements, and (2) spallation of inter-
stellar matter by galactic cosmic rays, ' which is
most important for the elements with A & 22.
There are, however, a few nuclides whose abun-


