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HE simple theory! of the photo-disintegration of Be® which

was adequate for the interpretation of the empirical total

cross section versus y-ray energy data,? may be used to interpret

the data recently obtained on the angular distribution of the

photo-neutrons from Be®. The prospective (loosely bound) photo-

neutron is assumed to move in the “effective field”’ (non-tensor) of

the remainder of the nucleus (Be8). The disintegration process at

low energies results from electric dipole transitions from the

ground 2P;;, state to S and D states of positive energy. These
transitions lead to an angular distribution

do/dQ=a+b sin?, (1)

for the ejected neutrons. a and b are functions of the y-ray energy
and may be expressed in terms of the cross sections for the P—S
and P—D transitions. Values of a/b have been obtained for the
following three cases:

(1) The ground state is a 2Pj/; state. The 2D5;y—2Dj, splitting
of the unbound D doublets may be neglected. Then

a/b=(17/12)+(25/12)(ops/oprD), (2
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FIG. 1. Values of a/b obtained from Egs. (2)-(4).
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where ops is the cross section for the Pjs—>Sy; transition, and
app is the cross section for the Pjo—>Ds/s,3/2 transition.

(2) The Djss2— Djy)s splitting may not be neglected. For energies
less than about 3 Mev, only one D component (the one of lower
energy) participates in the transitions. Since the 2P splitting seems
to be inverted, it is reasonable to assume that the 2D splitting also
is inverted; thus the Ds; level should occur at a lower energy
than the Dy, level. Using P3/e—>S1/2 and Pgjs—Ds/s transitions
only,

a/b=1+(5/3)(cps/sPDs2, 3)

where oPDs); is the cross section for the P3/o—Ds/» transition.

(3) The P32— P2 splitting of the bound P levels and the
Ds/2— D3y splitting of the unbound D levels may be neglected.
Then

a/b=3%[14(20ps/arp)]. “@

Some general conclusions may be drawn from Egs. (2)-(4).
Empirical data? indicate that the total cross section has a maxi-
mum at about #»=1.7 Mev, a minimum at about 2.5 Mev, and
a subsequent rise beyond 2.5 Mev. Thus for energies somewhat
less than 2.5 Mev, ops>>0pp, and the angular distribution should
be spherically symmetrical. For y-ray energies 22.5 Mev, the
angular distribution should deviate markedly from spherical
symmetry.

Quite recently the angular distribution of the photo-neutrons
was measured®# for y-ray energies of 1.70, 1.81, and 2.76 Mev.
The distribution was found to be spherically symmetrical for
the 1.70 and 1.81 Mev vy-rays. At 2.76 Mev, Hamermesh,
Hamermesh, and Wattenberg obtained a/b=1.22, and Meiners
obtained a/b=1.1540.07. The experimental values of a/b at
2.76 Mev are consistent with Eq. (3) but do not agree with the
results predicted by Eqs. (2) or (4). Equation (2) gives a lower
limit of 17/12221.4 for a/b. Since opsKopp at 2.76 Mev, Eq. (4)
predicts a value of a/b which is considerably smaller than the
observed value.

In order to obtain numerical values for a/b from Egs. (2)-(4),
aps, opp, and cPDjs/; have been calculated for a nuclear model in
which the interaction between the loosely bound neutron and the
remainder of the nucleus is represented by a potential well of
radius 5X 107 cm. The well depth for S and D states was taken
as 3.0 Mev. These parameters were chosen so that the theoretical
total cross section versus y-ray energy curve agrees with the
experimental one.® The well depth for the ground P state was
chosen so that the photo-disintegration threshold energy has the
correct value. Since there is considerable uncertainty about the
value of the threshold energy, two limiting values for this energy,
namely, e=1.63 Mev and ¢=1.68 Mev, were used in the calcula-
tions. The calculated values for the cross sections have been used
to evaluate a/b from Eqgs. (1)-(4). The results are shown in Fig. 1.
It may be seen that Eq. (3), which is based upon the assumption
that the disintegration results from Pj;—>Si/2 and Pgz—>Ds/2
transitions, leads to a value for ¢/b which is in excellent agreement
with the empirical results at 2.76 Mev.

An experiment in which y-rays obtained from the Van de Graaff
generator are to be used to determine the angular distribution of
the photo-neutrons from Be? over an energy interval extending
from the threshold energy up to about 3 Mev is underway at
Notre Dame.
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