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Study of neutron-neutron correlation in Borromean nuclei
via the (p, pn) reaction with the SAMURAI spectrometer
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Dineutron correlation is one of the phenomena ex-
pected to appear in neutron-drip-line nuclei. It has
long been presumed that the dineutron correlation is
a key ingredient to understand the binding mechanism
and exotic structures of these nuclei. E1 strengths
often deduced in previous Coulomb breakup studies
have been used by employing the E1 cluster sum
rule to characterize their correlation.1) However, the
model dependence was not negligible owing to the 9Li
core excitation and the final state interactions.2) The
kinematically complete measurement of the quasi-free
(p, pn) reaction was thus performed with Borromean
nuclei 11Li, 14Be, and 17,19B at the RIBF so as to
determine the neutron momentum distributions that
help characterize the correlation.3) The opening angle
between the two neutrons was reconstructed from the
measured momentum vectors of all the particles.
The experiment was conducted using the SAMU-

RAI spectrometer4) and the liquid hydrogen target sys-
tem MINOS.5) The beam momentum was determined
from the time of flight (TOF) between focal planes
F7 and F13. The trajectory was measured by beam
drift chambers (BDCs). The momentum vectors of
the neutron knocked out from 11Li, another emitted
from the resulting 10Li residue, and the recoil proton
were determined from the TOF and position measured
by neutron telescopes WINDS and NEBULA, and a
recoil proton detector (RPD), respectively. The posi-
tion and angle of 9Li at the entrance and exit of the
SAMURAI spectrometer were measured by forward
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drift chambers (FDCs). The magnetic rigidity was de-
termined from the tracking information thus obtained.
The magnetic field of the spectrometer was calculated
and taken into account. The relative energy Erel of
the reaction residue 10Li, the missing momentum of
the knocked-out neutron in the ground-state 11Li, and
the opening angle cos θY of two valence neutrons in
11Li were reconstructed from the obtained momentum
vectors.
Figure 1 shows the cos θY dependence of Erel.

Smaller cos θY values are highly favored as Erel de-
creases, while the yields are evenly distributed over
cos θY at a higher Erel. Because the small Erel value
corresponds to the surface region of the nucleus,6) this
result suggests that the dineutron correlation is much
more developed in the surface region. This is qualita-
tively consistent with the theoretical prediction.7)

Fig. 1. Erel vs. cos θY plot for the 11Li(p, pn)9Li + n reac-

tion.
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