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(p,pn) reaction in inverse kinematics

Quasi-free (p,pn) scattering

 Two isotopic chains: 10-20C and 48-52Ca
 Observables to be extracted in (p, pn)  reaction

Strength Distribution of the single-particle states as a function of Sn

Rrms of each neutron single-particle state
Distribution of C2S and Rs(Reduction factor) as a function of Sn

Decay mode of respective neutron single-particle (hole) states 
Note: (p,pn) data are much more scarce even for stable nuclei compared to (p,2p)

～ Systematic study of neutron single-particle states for a wide range of A/Z & Sn～
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Experimental setup

0-5 5 10 m

NEBULA
SAMURAI
magnetMNEUT

n/p

10-20C
40-52Ca beam
250 MeV/u

HIME

PDC

HODO

FDC

HODO

n

CATANA

STRASSE

Liq. H2
(75mmt)

n/p

p

Beam

Figure 4: Schematic view of the experimental setup.

For the knocked-out neutron measurement in the (p, pn) channel, we use HIME
and MNEUT (Neutron ARM), together with the STRASSE on the left-hand side
with respect to the beam axis. The HIME is composed of 360 modules of plastic
scintillator array arranged into 24 bars × 15 layers. Each module has the dimension
of 4 (H or V)× 2 (D) × 100 (V or H) cm3. The effective area is 96 × 100 cm2, and
the depth is 30 cm. We locate HIME (front face) at 1.5m from the target center
and at 45 degrees with respect to the beam axis. MNEUT is made of 64 modules
of plastic scintillator array arranged into 16 bars × 4 layers. Each module has the
dimension of 6.5 (H)× 10 (D) × 200 (V) cm3. The effective area is 104 (H)×200(V)
cm2, and the depth is 40 cm. We locate MNEUT(front face) at 3m from the target
center and at 40 degrees with respect to the beam axis. The acceptance is about
0.4 sr. The neutron detection efficiency is about 55%. The momentum resolution of
the knocked-out neutron is evaluated to be about 7 MeV/c, and the Sn resolution
is about 2 MeV in 1�.

For the (p,2p) channel, we use a full setup of STRASSE for the two proton
tracking, while the CATANA can cover one proton and the total energy of the other
proton is measured by the TOF to the neutron detectors HIME and MNEUT. The
Sp resolution is the same as the (p, pn) channel.

4 Estimation of Yield and Beam Time
Table 1 shows the cross sections calculated using the DWIA (by K. Yoshida). The

target thickness is 0.5 g/cm2. The acceptance of the detector system is evaluated
to be 4.7%, and the intrinsic 1n efficiency is 55%, using GEANT4 simulations. The
beam time is evaluated using these values. As described below, if we run in a
series, the total machine time will be 9 days, while if we run carbon and calcium
experiments separately with a large time gap, we need total 10.5 days due to the
extra separate tuning/calibrations (1.5 days).
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Total size X:1040,  Y:2000, Z:400 mm
Bar size X:65,  Y:2000, Z:10 mm

# Bar 64 (16 bars x 4 layers)
PMT H1949 + H1161

MNEUT-S （NEW)
Total size X:1070,  Y:960, Z:240 mm
Bar size X:1070,  Y:60, Z:60 mm

# Bar 64 (16 bars x 4 layers)
PMT BICRON (R329)
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MNEUT-S : Increase of εn × ΔΩ → +30% 



・MNEUT-L

Assembling the bar (-2011)
Signal check at SAMURAI (2025)

・MNEUT-S

 Re-assembling the bar (2024) 
Signal check at SAMURAI (2025)

・Magnetic shields

Measurement of leakage field of SAMURA (2023)
 Simulation of the magnetic shields (2024)

・Stands

GEANT4 Simulation (-2024)
 Design (2024)
 Construction (2025)

・Experiment 

If MNEUT, STRASSE, and HIME is ready (2025-)
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cm2, and the depth is 40 cm. We locate MNEUT(front face) at 3m from the target
center and at 40 degrees with respect to the beam axis. The acceptance is about
0.4 sr. The neutron detection efficiency is about 55%. The momentum resolution of
the knocked-out neutron is evaluated to be about 7 MeV/c, and the Sn resolution
is about 2 MeV in 1�.

For the (p,2p) channel, we use a full setup of STRASSE for the two proton
tracking, while the CATANA can cover one proton and the total energy of the other
proton is measured by the TOF to the neutron detectors HIME and MNEUT. The
Sp resolution is the same as the (p, pn) channel.

4 Estimation of Yield and Beam Time
Table 1 shows the cross sections calculated using the DWIA (by K. Yoshida). The

target thickness is 0.5 g/cm2. The acceptance of the detector system is evaluated
to be 4.7%, and the intrinsic 1n efficiency is 55%, using GEANT4 simulations. The
beam time is evaluated using these values. As described below, if we run in a
series, the total machine time will be 9 days, while if we run carbon and calcium
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Summary
 Systematic study of neutron single-particle states for a wide range of A/Z & Sn

(p,pn) in inverse kinematics with the dedicated (p,pn) setup introduced at SAMURAI 
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Measurement of leakage field of SAMURA (2023)
 Simulation of the magnetic shields (2024)
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GEANT4 Simulation (-2024)
 Design (2024)
 Construction (2025)

・Experiment 

If MNEUT, STRASSE, and HIME is ready (2025-)


