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The structure and dynamics of light nuclei form fascinating subjects
for investigation. The presence of marked cluster structures is a
characteristic property.

Different clustering modes often exist in a o + d, threshold 1.47 MeV
single nucleus, in different levels or co-

existing in the same level (configuration CQQ

mixing).
Simple example: °Li. Dominant mode in low- *He + t, threshold 15.79 MeV

lying levels is a + d, but *He + t also present. @

exploited to probe structure of other nuclei

Intrinsically interesting but can also be @
via suitable choice of direct reaction.
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Cluster structures involving the tightly bound a particle are frequently
Important.

Many of the neutron-rich isotopes may be visualised as either
clusters of a particles with neutrons acting as “bonds” or as
combinations of a particles and the neutron-rich He isotopes °He and
SHe.

These asymmetric clustering modes can manifest as low-energy
dipole transitions. The different modes can mix in a single level
which thus provides valuable information on the structure.

P



T

The '°Be nucleus forms an interesting example of this type, with a
number of different clustering possibilities in addition to the four-body
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To date, while several low-lying dipole levels have been predicted in
°Be, only one, at E« = 5.960 MeV, has been observed

experimentally. It also has a very small B(E71) value and is thus
weakly populated.

A recent experiment carried out at the ReA6 facility of the NSCL at
Michigan State University measured the scattering of deuterons from
19Be in inverse kinematics using the AT-TPC.

A 9.6 MeV/u "Be beam of = 2000 particles per second entered the

AT-TPC which was filled with pure deuterium gas at 600 Torr
pressure, acting as both target and detector medium.
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Elastic and inelastic scattering were observed. The well-known
3.368-MeV 2* level was cleanly separated, with a weakly populated
peak at ~ 6 MeV containing several unresolved levels including the
5.960-MeV 1~ and a strong peak centred at 7.27£0.10 MeV.
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The centroid of the 7.27-MeV peak does
not correspond with either the known
7.371-MeV 3~ or 7.542-MeV 2* levels
(although they are not resolved).

Angular distributions were obtained for the
elastic scattering and inelastic scattering
to the 3.368-MeV 2* and the 7.27-MeV
peak.

The curves on the angular distribution
plots represent coupled channels (CC) fits
to the data.
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CC is a standard technique for describing inelastic scattering. The
iInelastic couplings are explicitly included by deforming the diagonal
optical potential: we take the derivative and multiply by a strength, the
so-called “deformation length” d.

The inelastic scattering to the 3.368-MeV 2* level was fitted with a
value of & = 1.89 fm, in agreement with previous values obtained from
proton scattering data [Phys. Lett. B 481, 7 (2000)].

The angular distribution for the 7.27-MeV peak is incompatible with
either a 2* (dashed blue curve) or a 3~ (dot-dashed red curve)
assignment.
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A value of & = 0.76 fm was obtained for the 7.27-MeV level assuming
a 17~ assignment, 5-15% of the energy-weighted sum rule (EWSR) for
the total dipole strength in °Be. This is to some extent an upper limit,
since some contribution from the 7.371-MeV and/or 7.542-MeV levels
to the observed peak cannot be ruled out.

We thus have strong evidence for a new 1- level in °Be close to the
neutron and a particle emission thresholds. It may possibly be
identical with the previously observed 7.371-MeV level, although the
3~ assignment would be incorrect in that case.

How does this compare with structure model calculations?
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The Gamow coupled channels (GCC) approach [Phys. Rev. Lett. 126,
142501 (2021), Phys. Rev. Res. 5, 023183 (2023)] assuming a °Be +
2n structure can reproduce the general features of the two 1~ levels:
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