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INTRODUCTION

The observation of neutrinoless double B decay would offer an
opportunity to determine the mass of the neutrino, if the nuclear
matrix element was known. As it stands, there is a lack of clarity in
the approaches to calculating the nuclear matrix elements; variations
at the ‘order-of-magnitude’ level are seen in the results. This would
be reflected in the uncertainty of any calculated mass following a
positive observation of the process and constitutes a concern in the
community (1).

In order to constrain the calculations, we set out to provide
nuclear-structure information relevant to the decay process. There is
no reaction that directly mimics neutrinoless double B decay.
However, the ground-state wave functions of the parent and
daughter nuclei, and the differences between them, must be
important ingredients—these can be probed using single-nucleon
transfer reactions. In this work we study neutrinoless double § decay
candidate nuclei °Ge (parent) and °Se (daughter) aiming to map
out the proton and neutron occupancies of their ground states.

EXPERIMENTAL

This program of research was performed as several experiments,
each in a similar manner, best exploiting two facilities: the Wright
Nuclear Structure Laboratory (WNSL—Yale) and the Research
Center for Nuclear Physics (RCNP—Osaka). At WNSL, the
neutron-adding and removing reactions, (p,d), (He,a), (d,p) and
(0,’He), were performed (2). The respective beams bombarding
isotopically enriched targets of °Ge and "°Se (*Ge and "*Se were
also used for consistency checks) at energies favorable for single-
nucleon transfer. The outgoing ions were momentum analyzed by
an Enge split-pole spectrograph at various angles. A gas-filled
focal-plane detector backed by a plastic scintillator provided particle
identification. The angular distribution of the outgoing ions provides
information on angular-momentum transfer. To deduce absolute
cross sections, the elastic scattering cross section was measured at
angles corresponding to Rutherford scattering.

The proton adding and removing reactions, (*He,d) and
(d,’He) were measured at RCNP using the Grand Raiden
spectrometer (3). In order to deduce the spins of the states populated
in the (d,’He) reaction a polarized deuteron beam was used. The
focal-plane detector consisted of vertical drift chambers backed by a
plastic scinitllator.

RESULTS

Cross sections extracted from the data were used to extract
spectroscopic factors and hence determine the occupations using the

Macfarlane and French sum rules. The results for both neutrons and
protons are shown in Figure 1 (3), and compared to recent
theoretical results. It is seen that the Fermi surface is much more
diffuse than result (A) suggests. Both results (B) and (C) are tuned
to spectroscopic data, hence the apparent improvement.
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Figure 1. Experimental results compared with theoretical results
from References (4), (5) and (6).
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