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The decay structure of the particle-unetable  nucleus “Li was studied using  the method of  sequential
neutron decay spectroscopy (SNDS) at 0’. The decay energies of “Li can be derived from the
relative velocity spectrum of the ‘Li daughter and the neutron measured in coincidence. Evidence
for low-lying s-wave strength was  observed  with a scattering length of < -20 fm, corresponding to
a peak energy of < 50 keV.

PACS numbers: 27.20.+1x,  21.10.Dr

I. INTRODUCTION

The detailed structure of the neutron unbound nucleus
“‘Li continues to be of high experimental [l-6]  as  well
a8  theoretical interest [7-g]. The spin and parity of the
‘OLi  ground state is essential for the understanding of the
two-neutron halo nucleus “Li. The simple shell model
predicts the ground-state to be a p,,z neutron coupled
with a ~3,~  proton to either a l+ or a 2+ state. How-
ever, “‘Li  is B member of the N=7  i&ones  where with
decreasing mass the sljz state becomes lower in energy
relative to the pl,~  state and forms the ground state in
“Be. If this trend continues towards the lighter nuclei,
“‘Li should have a ground state where the ~3,~  proton is
coupled to the ~1,~  neutron to form a l- or a 2- state
[lO,ll].

Although most theoretical calculations predict the
shell inversion [ll], it is still controversial [7,12]. Ex-
perimentally, several measurements report the observer
tion of p-wave resonances. From the first measurement
of Wilcox et al. which reported a state at 800*250  keV
[13],  to the more recent data of Bohlen (42Oh50  keV and
800&60  keV)  [14], Young (538t62  keV)  [15], and Bohlen
(240fSO  keV and 530f60  keV)  [4] the situation is not
clear. In ref [4] the authors report that the reanalysis
of the data of their earlier paper [14]  showed only one
peak at 530 keV consistent with Young’s result. The
preliminary analysis of an experiment by Caggiano  et al.
[6] confirms the observation of the two states reported
by Bohlen et  a(.  [4].  Thus, it seems that there are ap-
parently  two p-states at -240 keV and -540 keV which
potentially could correspond to the lt and 2+ state.

The observation of the a-wave is even more compli-
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cated. A neutron s-wave  state in the continuum is not
contained by any barrier and thus is not a real resonance
but its low-energy properties can most conveniently be
described in terms of a scattering length. However, it is
sometimes referred to as a virtual resonance. The first
observation and interpretation of low lying strength in
terms of a virtual .wvave  resonance was  shown by Kryger
et al. [16].  A previous pion absorption measurement ob
served a peak at 150 keV [17], however, it is most likely
associated with the p strength discussed above. Kryger
et al. populated light neutron rich nuclei by fragmen-
tation of l8O,  and deduced the relative decay energy
from a coincidence measurement of 9Li and a neutron.
Since this first experiment, several other experiments
showed independent evidence for low lying strength in
‘OLi  [2,3,5,15,18-201.

We repeated the experiment of Kryger et al. with
improved energy resolution in order to establish more
stringent limits for the s-wave parameters. We analysed
the data in terms of the scattering length of the system
neutron plus ‘Li  arising from the breakup of lsO.  We
also aimed to determine if the central peak observed by
Kryger et al. could potentially be interpreted a8 the re-
cently  observed 240 keV p-wave [4,6].

II. EXPERIMENTAL SETUP

The experiment was  performed at the National Super-
conducting Cyclotron Laboratory (NSCL). An “0  beam
with a kinetic energy of 80 MeV/nucleon  provided by the
K1200 cyclotron bombarded a 94 mgjcn?’  thick 9Be  tar-
get located in front of a quadrupole-dipole  magnet com-
bination (Figure 1). The magnets were tuned to optimize
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