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The angular distribution of ¥ rays following simultaneous Coulomb excitation of target and projectile is
shown to provide a new method of measuring ground state quadrupole moments.

Recently several authors [1-3] have investi-
gated the process of mutual target and projectile
excitation which occurs in heavy-ion Coulomb
excitation. These processes are a result of the
multipole-multipole [Elp x Elt] interaction be-
tween the target and projectile; they have been
shown to be much smaller than the usual mono-
pole-multipole (EQ X E[] terms. In this note, we
report on a study of the angular distribution of
gamma rays following such an excitation and
show that it leads to a new method of measuring
ground state quadrupole moments.

The interaction potential between two non-
overlapping arbitrary charge distributions has
recently been given by Alder and Winther [3]
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) Here T,ln is the tensor product of the target and
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The sum in (1) is extended over all possible mul-
tipolarities It and Ip of the target and projectile
(designated by subscript t and p respectively).
The terms in eq. (1) in which both Ij and It do
not vanish correspond to the multipole-multipole
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interaction, which leads to multual target and
projectile excitations. Note that the value of [ is
limited to the algebraic sum of Ip and It; this is
a consequence of the requirement that the two
charge distributions do not overlap. In order to
calculate the cross section for this process, we
may use the usual semi-classical theory of
Coulomb excitation [4]. The result for the first-
order calculation can be cast in the notation of
ref. 4:
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For the case of dual E2 excitation the cross sec-
tion is typically of the order of 1% or less of the
cross section for target excitation alone, For
the case where the projectile ground state spin
is larger then 1/2, one of the possible [E2 X E2]
interactions leads to excitation of the target, but
a reorientation of the projectile ground state.
The cross section for this particular process
will be proportional to the square of the projec-
tile ground state quadrupole moment . (An in-
terference term between [E0 xE2] and [E2 x E2]
would give a term linear in @, but it appears
only when a polarized beam is used). The cross
section for this process is small, but we show
now that observation of the angular distribution
of the target de-excitation ¥ ray can serve to
magnify this effect enough to make a measure-
ment of the quadrupole moment possible, The
reason for this is as follows:

A projectile scattered at 180° from a target
nucleus cannot transfer angular momentum along
the direction of its motion. Therefore, if the
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target has a 0% ground state, an [E0 x E2] exci-
tation will populate only an m = 0 excited sub-
state. The de-excitation ¥ ray angular distribu-
tion will be a pure E2 pattern with zeros at in-
tegral multiples of 6 = 37. In the case of an

[E2 x E2] interaction angular momentum can be
transferred to the target if an equal amount but
of opposite sign is transferred to the projectile.
Consequently, the excited state of the target will
not be so sharply aligned as in the [E0 x E2]
case and this will be reflected in a less pro-
nounced angular distribution. Specifically, the
zeros at su7 will be filled in. The observed y
yield at 6 = 4u7 in coincidence with backscattered
projectiles will only contain a contribution from
the [E2 X E2] term, and this will be a direct
measure of @<,

For particles scattered at a given angle 9, a
calculation of the angular distribution of the tar-
get de-excitation y ray after mutual excitation
gives the following formula (the decay y ray from
the projectile is nof observed):
dw 1
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Here Ji and Ji' refer to the ground and excited
state, respectively, of the target. Values of the
integrals [4] Sg7, 4, (9, £) and the ¥ - y correla-
tion coefficients [5] Fx(Jt,Jt') can be found in
the literature. The resulting normalized distri-
butions for the [E0 x E2] and [E2 x E2] excita-
tions are given in fig. 1, and verify the intuitive
discussion given above. The two ways of populat-
ing the same target level (namely via an

[EO0 x E2] process or an [E2 x E2] process) do
not interfere, and each will give its own contri-
bution to the distribution.
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For the case of an 11 MeV 7Li scattered at 180°
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Fig. 1. The normalized ¥ angular distribution following
[E2 % EO] (dashed line) and [E2 % E2] (solid line) Coul -
omb excitation by back-scattered ions.

from a 24Mg target, this ratio becomes
1.211%10-2, If the experimental value of the
W(45°) /w(0°) ratio for the [EO X E2] y distribu-
tion is 20:1 then the quadrupole effect will en-
hance the counting rate in the valley by 14%.
This sensitivity is of the same order as in most
reorientation measurements.

A few remarks concerning this effect are in
order:

1) In an actual experiment, the finite size of
the v and particle detectors and also the attenua-
tion of the ¥ distribution due to hyperfine inter-
actions will tend to obscure the quadrupole en-
hancement. However, these effects can be
measured very accurately by repeating the ex-
periment with a projectile of zero quadrupole
moment. (e.g. 41-Ie, or even 6Li which has a
very small quadrupole moment, can be used for
the case cited above).

2) Our considerations with regard to the van-
ishing intensity of ¥ rays at 00 are valid even in
cases involving multiple-order processes in the
[EO x E2] interaction, since they follow from the
symmetry of the problem.

3) A competing [E2 x E2] effect which can
lead to a similar enhancement of intensity at 0°
is one in which an excited level in the projectile
is populated simultaneously with the excitation
of the target. However, such effects can be
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