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The use of aligned heavy ion beams for Sub-Coulomb-Scattering on various targets
has turned out to be a very useful tool to do high precision spectroscopy on electro-
magnetic nuclear moments of the projectile nuclei. Due to the beam alignment, nuc-
lear moments as for example the groundstate spectroscopic quadrupole moment Qg show
up to be in first order in the observables T,, and are therefore measurable with much
higher precision as compared to Coulomb-Excitation experiments with unpolarized
beams. The strong coupling to higher excited states helps to make detectable in
addition other nuclear moments such as B(E2) values and moments of the nuclear pola-
rizability. So the present experiment is the only one which is able to measure the
tensor moment of the nuclear polarizability of the groundstate. The possibility to
measure a whole set of nuclear moments in a consistent way in the same experiment
makes possible a sensitive test of theory which is highly desirable not only in the
view of nuclear theory but also as a test for calculations of electric field gradi-
ents in atoms and molecules.

In order to make such an extensive investigation of the small analyzing powers
feasible with sufficient accuracy, much care was taken to optimize the experimental
arrangement. Its most important part is an ionization chamberl) with a large solid
angle (1.8 sr) and rotational symmetry with respect to the beam axis, which allowed
to detect backscattered Li ions with an average counting rate of about 10 kHz. The
spin alignment of the beam was monitored continuously at the position of the target
by observing. the deexcitation y-rays from the 1/2” state in coincidence with back-
scattered Li ions. For each run taken, 2 observables Tel (for pure elastic scatter-
ing) and T§ +inel (for the sum of elastic and inelastic sScattering) were observed.

The analysis of the data was performed in terms of quantum mechanical coupled
channel theory using the program ECIS79. It turned out that 4 contributions have to
be taken into account (see Fig. 1) whereas all additional terms were found to be
negligible on the present level of accuracy. The code was run with 4 independent

parameters Qg, B(E2), Tyq and Tyy using a deformed Coulomb
=71 potential and a coupling potential taking into account the
1. excited state. The effect of virtual excitation via
higher lying states was taken into account using an effec-
tive polarization potential
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The observable Tel+lne1 turned out to be determined by the

arametfr Qg with a small contribution due to T;1. Whereas
Tgé+1ne - T%& was dominated by B(E2) with a small contri-
L=h T bution due to Ty3. The characteristic dependence of the
different parameters on the incident energy and the charge

Z of the target helped to separate the parameters Tj¢ from

0. BE2 Qs and B(E2) by a x2-analysis. 7 58
s The data corresponding to the scattering of Li on Ni
0478 \ 1 l 172 - and 120gn at different energies and scattering angles are
gs. ¥2- displayed in Fig. 2. All data are described consistently
with one single parameter set (solid lines in Fig. 2).
Fig. 1. Symbolic repre- No significant dependence of the parameters on angle,
sentation of the contri- energy or target is observed, provided the bombarding
buting effects. energy does not exceed a critical value, i.e., the assump-
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as follows:
Our measurement of Q4 observed by an
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6 17 allowed to determine this critical
12l 80 Mev ] ¢ MmO MeV 4 threshold in our experiment to be

r e. 1 T 3421 10.3 MeV and 15.4 MeV for the target
8: 3333%’5 L: i ] nuclei 58ni and 12OSn, respectively. As
ar elvinel. ] O F————+—+=+=+= an example, the scattering on Sn at

Al B S 35 Moy = 16 Mev is shown in Fig. 2, where the on-
16+ E i : Vr}Q ] set of Coulomb-nuclear interference be-
ol 90 Mev 1 8 §' 4+ comes visible.

L e i Ll The observed results are shown in the
8r < OJT’T i = 1 first column of table I. The comparison
o 1 6 ° "+~ with other experimental and theoretical

E i “{;l 1 results (see table I) may be summarized
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using the same data gets a much
higher value.
For the first time a consistent set

C . el.+inel. independent method with high preci-
gl sion may test electric field gradi-

- 0 o B ents in the Li-atom and the LiH-mole-
L: 20: }/' cule. Our result proves an analysis

: L 160 MeV 4 of molecular spectroscopy data based
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could be measured. The deviations of
Fl?..Z. Angu%ar distributions of Tgl and B(E2)Can? T2 frow the resglts oE
T§o+lnel for 'Li scattering of 58N;i ang 120gy, Some Cou ex-experiments using unpola-

rized beams may be due to the problem
of correct weighting of both quantities in these experiments. Whereas Qg and B(E2) are
reproduced quite well by recent cluster- and shellmodel calculations, all attempts to
explain the high values of T and 1y, as due to virtual excitation of the giant di-
pole resonance fail by a factor 2 to 3"’. Further calculations are highly desirable
to clarify this point which will be of importance for the understanding of the struc-
ture not only of 'Li but also of other loosely bound nuclei.
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Table I.
QS B(E2) 112 111 reference
present experiment -3.70+0.08 8.3 *0.5 0.23+0.06 0.23%+0.06

atomic and -4.1 +0.6 Orth et al (1975)
molecular -3.66+0.03 Green (1971)
spéctroscopy -4.06 Sundholm et al (1984)
coulex with -1.0 #2.0 7.4 0.1 Bamberger et al (1972)
unpolarized 8.3 +0.6 0.21+0.03 Hdusser et al (1973)
beams -4.0 *1.1 7.42+0.14 0.1540.01 Vermeer et al (1984)
nuclear -3.62 6.26 Bouten et al (1931)
theory -3.50 6.61 Kajino et al (1984)
-3.71 6.80

Hofmann et al (1984)






