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Study on 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 specific phenom-
ena expected to appear in neutron drip-line nuclei.
It has been explored through indirect studies such as
the determination of the E1 cluster sum rule via the
Coulomb breakup reaction.1) In order to directly deter-
mine the momentum distribution of two valence neu-
trons of the Borromean nuclei 11Li, 14Be, and 17,19B, a
kinematically complete measurement was performed at
the RIKEN RIBF for the quasi-free (p, pn) reaction on
these nuclei.2) The opening angle between the two neu-
trons was reconstructed from the measured momentum
vectors of all the particles.

The experiment was carried out by using the SAMU-
RAI spectrometer3) combined with the liquid hydrogen
target system MINOS.4) The beam momentum was de-
termined from the time-of-flight (TOF) between focal
planes F7 and F13. The trajectory was measured us-
ing the beam drift chambers (BDCs). The momen-
tum vectors of a decay neutron, a knocked-out neu-
tron, and a recoil proton were determined from the
TOF and position respectively measured by the NEB-
ULA, the WINDS, and a recoil proton detector (RPD).
The position and the angle of a heavy fragment at the
entrance and the exit of the SAMURAI spectrometer
were measured by the forward drift chambers (FDCs).
The rigidity was determined so as to reproduce the
set of the tracking information by using the calculated
magnetic field.

The resolution of each momentum vector, estimated
from the detector responses and angular straggling
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Table 1. Estimated resolution of momentum vectors de-

duced from the detector responses and angular strag-

gling. The unit is MeV/c.

Particle Detector σPx σPy σPz

Beam 11Li BigRIPS+BDC 0.08 0.08 8
Recoil p RPD 12 10 12
Knocked-out n WINDS 15 16 15
Decay n NEBULA 0.2 0.2 5
Fragment 9Li FDC 0.1 0.1 12

Total 20 19 25

around the target, is summarized in Table 1. The mo-
mentum resolution of the recoil proton was dominated
by the angular straggling, while that of the knocked-
out neutron was limited by the time resolution of the
WINDS. The required resolution of about 20 MeV/c
was achieved.

Figures 1 (a), (b), (c), and (d) show the difference of
the sum of the four-vectors of all the particles between
the initial and the final states projected onto the x-,
y-, and z-direction and the energy, respectively. Ow-
ing to the momentum and energy conservation law, in
each spectrum the peak should be centered at zero;
this is a test of the consistency of both the reconstruc-
tion and measurement. The widths of the spectra are
consistently explained by the estimated resolution.

Data analysis is currently in progress.

Fig. 1. Spectra showing the consistency of the reconstruc-

tion in the (a) x-, (b) y-, and (c) z-direction, and (d)

the energy via the verification of the momentum and

energy conservation.
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