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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.

References
1) T. Nakamura et al.: Phys. Rev. Lett. 96, 252502 (2006).
2) Y. Kubota et al.: RIKEN Accel. Prog. Rep. 48, 52 (2015).
3) T. Kobayashi et al.: Nucl. Instr. Meth. B317, 294 (2013).
4) A. Obertelli et al.: Eur. Phys. Jour. A50, 8 (2014).

Study of Gamow-Teller transition from 132Sn via the (p, n) reaction
in inverse kinematics

J. Yasuda,∗1,∗2 M. Sasano,∗1 R.G.T. Zegers,∗3 H. Baba,∗1 D. Bazin,∗3 W. Chao ,∗1 M. Dozono,∗1 N. Fukuda,∗1

N. Inabe,∗1 T. Isobe,∗1 G. Jhang,∗1,∗4 D. Kameda,∗1 M. Kaneko, ∗5 S. Kawase,∗6 K. Kisamori,∗1,∗6

M. Kobayashi,∗6 N. Kobayashi, ∗7 T. Kobayashi,∗1,∗8 S. Koyama,∗1,∗7 Y. Kondo,∗1,∗9 A. Krasznahorkay,∗10

T. Kubo,∗1 Y. Kubota,∗1,∗6 M. Kurata-Nishimura,∗1 C.S. Lee,∗1,∗6 J.W. Lee, ∗4 Y. Matsuda, ∗11

E. Milman,∗1,∗12 S. Michimasa,∗6 T. Motobayashi,∗1 D. Mucher, ∗1,∗13 T. Murakami, ∗5 T. Nakamura,∗1,∗9

N. Nakatsuka, ∗1,∗5 S. Ota,∗6 H. Otsu,∗1 V. Panin, ∗1 W. Powell, ∗1 S. Reichert, ∗1,∗13 S. Sakaguchi,∗1,∗2

H. Sakai,∗1 M. Sako, ∗1 H. Sato,∗1 Y. Shimizu,∗1 M. Shikata,∗1,∗9 S. Shimoura,∗6 L. Stuhl,∗1 T. Sumikama,∗1,∗8

H. Suzuki,∗1 S. Tangwancharoen, ∗1 M. Takaki,∗6 H. Takeda,∗1 T. Tako,∗8 Y. Togano,∗1,∗9 H. Tokieda,∗6

J. Tsubota,∗1,∗9 T. Uesaka,∗1 T. Wakasa,∗2 K. Yako,∗6 K. Yoneda,∗1 and J. Zenihiro∗1

We performed measurements on the 132Sn(p, n) re-
action at 220 MeV/nucleon in inverse kinematics at
RIBF in order to extract Gamow-Teller (GT) transi-
tions from the key doubly magic nucleus 132Sn. This
is an essential step toward establishing comprehensive
theoretical models for nuclei situated between 78Ni and
208Pb.
The experiment was carried out by using the

Wide-angle Inverse-kinematics Neutron Detectors for
SHARAQ (WINDS)1) and the large acceptance
SAMURAI spectrometer2). A secondary beam of
132Sn was transported onto a 10-mm thick liquid hy-
drogen target3), which was surrounded by WINDS to
detect recoil neutrons. From the measured neutron
time-of-flight and recoil angle, the excitation energy
and center-of-mass scattering angle were determined.
The SAMURAI spectrometer was used for tagging
(p, n) reaction events with particle identification of the
outgoing heavy residues. Owing to the large momen-
tum acceptance of SAMURAI, we can measure all the
heavy residues with different rigidities in one setting.
It allows us to reconstruct the excitation energy spec-
trum up to high excitation energies including the GT
giant resonance (GTGR).

Figure 1 shows scatter plots of neutron energy (En)
versus laboratory scattering angle (θlab) for neutrons
detected in WINDS, for events associated with the
132Sn beam component. Scatter plots are shown sepa-
rately for different heavy residues detected in the spec-
trometer. In Fig. 1(a), one can see a clear kinemati-
cal correlation between En and θlab, corresponding to
transitions going to the ground state or low-lying ex-
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cited states in 132Sb. Clear kinematic loci are also vis-
ible in Figs. 1(b), 1(c), and 1(d) and shifted to higher
excitation energies including the GTGR according to
the decay threshold. It means that the γ, 1n, 2n, and
3n decay channels are successfully measured. The data
analysis for obtaining GT distribution is in progress.
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Fig. 1. Neutron spectra as a function of neutron energy

(En) and scattering angle in the laboratory frame (θlab)

for the 132Sn beam component and for events associated

with the heavy residues in the spectrometer: (a) 132Sb,

(b) 131Sb, (c) 130Sb, and (d) 129Sb.
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