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The angular distribution of deuterons inelastically scattered from Mg?* with excitation of
the 2% level (4.23 Mev), which results from excitation of a single quantum of deformation,
is investigated. Both nuclear and electric interaction of the deuteron and nucleus are taken
into account. The theory is compared with the experimental data.

.A paper of Hinds, Middleton, and Parry! gives
results of an experimental study of the inelastic
scattering of 8.9 Mev deuterons by Mg, with
excitation of the 27, 4+, 2% levels which have en-
ergies of 1.37, 4.12, and 4.23 Mev respectively.
The angular distributions of the scattered deuter-
ons when the first level (2%; 1.37 Mev) and the
third level (2%; 4.23 Mev) are excited differ both
in shape and in magnitude. The probability of scat-
tering with excitation of the 4.23-Mev level is
smaller in order of magnitude than the probability
for scattering with excitation of the 1.37 Mev level,
even though the spin and parity of the levels are
the same. The scattering of deuterons by Mg?*
with excitation of the 1.37 Mev level was treated
in our previous pa.per.2 In the present paper we
investigate the scattering of deuterons by Mg?
with excitation of the 4.23-Mev level.

The Mg24 nucleus is known to be highly de-
formed, so that it has a spectrum of rotational
levels corresponding to the different values K
of the projection of the total angular momentum I
of the nucleus on its symmetry axis.

The lowest terms in the spectrum have K= 0
and I=0, 2%, 4% etc. In treating the inelastic
scattering of deuterons by Mg? with excitation
of the 1.37-Mev level, we made the assumption
that the target nuclei are excited to the K = 0,
I=2% rotational level, and that the deformation
of the nucleus is not changed, i.e., no quanta as-
sociated with 8 and y deformations are emitted
(ng =0, ny=0).

Since the cross section for inelastic scattering
of deuterons by Mg? with excitation of the 4.23-
Mev state is smaller in order of magnitude than
that for excitation of the 1.37-Mev state, it is nat-
ural to assume that the 4.23-Mev level arises from
the creation of one quantum of y deformation and
therefore corresponds to K = 2. Thus this level
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is characterized by the quantum numbers K = 2,
I1=2, ng = 0 and n, =1. (Values of the param-
eter vy different from 0 and 7 show that the nu-
clear shape deviates from axial symmetry.) An
indication that the 4.23-Mev level in Mg? corre-
sponds to K =2 is also contained in a paper of
Rakavy.3

We shall calculate the inelastic scattering of
deuterons by Mg on the basis of the above as-
sumptions.

The interaction between the deuteron and the
Mg?* nucleus is taken in the form
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where ¢, ¢, and ¥ are the Euler angles which
determine the position of the nuclear axis relative
to a fixed system of coordinates; the subscripts p
and n refer to the proton and neutron in the deu-
teron; wa is the unitary matrix transforming the
spherical functions; Vy, and Ry are the familiar
parameters of the uniform model; «,, are the
deformation parameters and are operators for the
creation of phonons.

In Born approximation, the matrix element of
the transition is

< 000k|V|2MKK > = IT': (q)
X <0 o 1>\ ooy D32, e
g

3Z¢*R?

3
5rp«

(2)
] erPYy, (9, @p)dr,

X {& [i VRS (rp— Ro) +

= VoR, (8(ra — Ro) €™ Y, (9u9n) dra},



712 T. I.

where 35 and Pyg (M is the projection of I
on the z axis of the fixed system), which are the
wave functions of the nucleus in the initial and final
states, have the form?

q’uoo = 1/]/§ T
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I (g) = [—q— tan™ L1,
where q =|k —k’| (k and k' are the wave vec-
tors of the center of mass of the deuteron at the
start and end of the process); « is the known size
parameter of the deuteron; <O0|ay,|1> is the

matrix element for creation of a phonon and is
equal to?

<Olag|1>=(1/2 VB, (4)

where By, and C, are, respectively, the mass
coefficient and the coefficient of deformability of
the nucleus.

Using formulas (3) and (4) and the fact that the
selection rules require v =K, we get for the ma-
trix element (2)
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where <...|...> are Clebsch-Gordan coeffi-
cients, the J, are Bessel functions, and r, is
the electric radius of the nucleus.

We finally get for the differential cross section
for inelastic scattering of deuterons by Mg (with
K =2)

do 202 (V,RY)® RE 11 (q)
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where u is the reduced mass of the (d, Mg*)
system and Ej is the energy of the incident deu-
teron in the center of mass system.

In order to compare our formulas with experi-.
mental data, we must choose values for the param-
eters. We evaluated the quantities B, and C,
using the formulas?
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where 47R2S = 15.4 AY3 Mev, A is the mass num-
ber of the nucleus, and M is the mass of the nu-
cleon.

If we use the values of reference 2 for V; and
ry (Vp=1.84 Mev, ry=6x10"% cm), take R, =
3 x 10713 ¢m, and assume that the interaction of
the deuteron with the nuclear vibrations is repul-
sive [i.e., choose the + sign before the nuclear
term in formula (1)], the angular distribution of
the deuterons, as shown in the figure, is in good
agreement with the experimental data (curve 2).

Curve 1 corresponds to the inclusion only of
the nuclear interaction of the deuteron and the
nucleus, and curve 3 takes account only of their
Coulomb interaction.

Thus, under our assumptions, simultaneous in-
clusion of both Coulomb and nuclear interactions
gives satisfactory agreement with experiment. It
is interesting that the occurrence of a second max-
imum in the deuteron distribution is explained.

It should be stated that there is some difference
between the theoretical results and the experimen-
tal data with respect to the absolute value of the
scattering cross section. However, since the co-
efficients By and C, are evaluated approximately,
no special significance should be attributed to this
discrepancy.
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