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RIBF experimental program in TRIP project 2024
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The TRIP1) use case “Nuclear Transmutation,”2)

was launched in FY2023 to promote at the social im-
plementation of unstable nuclear physics, particularly
in medical RI and nuclear waste, through the acqui-
sition of RI-Beam Factory (RIBF) experimental data
and theoretical development. This use case comprises
three main tasks: automation of accelerator experi-
ments, acquisition and sharing of experimental data,
and development of unstable nuclear theory. There
are three experimental programs: measurement of elas-
tic scattering anytime anywhere any-beam (MESA),
symbiotic systematic and simultaneous cross-section
measurements across the nuclear chart (S3CAN), and
gamma-ray tracking in R5 using the germanium clus-
ters array (GT-5). These experimental programs are
complementary, and by conducting each measurement
on the same nucleus, researchers can extract informa-
tion such as optical potentials and nuclear radii. This
report outlines the progress of these experimental pro-
grams.
As the first TRIP experiment, TRIP23-01-01 was

performed in March at the E6 course, and proton elas-
tic scattering of 86Kr3) was measured under the MESA
program. A new detector system for recoil particles,
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named DELTA,4) was successfully introduced. The
second experiment was carried out in May (TRIP24-
01-01). For the MESA program, proton elastic scatter-
ing of the unstable nuclei 44Ti5) and 50Ca6) was mea-
sured using DELTA and ESPRI7) setups at the F12
area. For the S3CAN program, interaction and charge-
changing cross sections were measured for nuclei in the
Si-Co region using carbon and CH2 targets. A new ion-
ization chamber was installed in the F3 chamber. In
November, TRIP24-01-02 experiment was conducted,
and proton elastic scattering of 136Xe8) and interaction
cross section of Zr isotopes were measured. In addition,
automated systems of high voltage control9) and gas
handling10) were successfully commissioned. A new
cryogenic target system is now available for upcoming
TRIP programs.11) Development is also underway to
automate the surveying analysis of experimental se-
tups using a photogrammetry system.12)

In summary, a significant amount of nuclear reaction
data was successfully obtained under the 2024 TRIP
use case. From 2025, an in-beam gamma-ray spec-
troscopy experiment will be conducted under the GT-5
program using a segmented germanium detector.
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Measurement of proton elastic scattering of 44Ti in
the TRIP-MESA project
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In the TRIP use case,1) the MESA project is dedi-
cated to the measurements of elastic scattering of pro-
tons, deutrons, and α-particles with radioactive ion
beams via inverse kinematics. In this paper, we re-
port proton elastic scattering of 44Ti measured in the
TRIP24-01-01 experiment.
The schematic of the beamline is shown in Fig. 1.

The TRIP24-01-01 experiment was performed in May
2024. In this experiment, the proton elastic scatterings
of 44Ti and 50Ca5) were measured with ESPRI2) detec-
tors and the ∆E-∆E-E type telescope array DELTA3)

at the F12 focal plane. The 44Ti beam was produced
via projectile fragmentation of 70Zn primary beam at
345 MeV/nucleon in a 9Be target with a thickness of
10 mm. The isotopes were separated using BigRIPS
and transported to F12. Secondary beams were iden-
tified using time-of-flight (TOF), magnetic rigidity Bρ,
and energy deposit (∆E) information. TOF informa-
tion was obtained with plastic scintillators placed at F3
and F7. Bρ was determined from a position measure-
ment with parallel plate avalanche counters (PPACs)
placed at F3 and F5. An ionization chamber placed at
F3 and F7 provided the ∆E information. A gaseous
N2 scintillation detector was used to measure timing.
Projectiles were tracked with two beam drift chambers
(BDCs) placed downstream of the N2 scintillation de-
tector. A solid hydrogen target (SHT) was used as the
proton target for ESPRI detectors. The recoil protons
from SHT were measured with a recoil proton spec-
trometer (RPS). A BDC3 and the DELTA chamber
were placed downstream of the SHT. For measurement
with the DELTA, four targets were prepared: CH2
(50 µm thickness), carbon (25 µm thickness) for the
background measurement, empty for the tuning, and
mask target for the calibration of the DELTA chamber
position. The recoil protons from these targets were
measured with the DELTA. The gaseous Xe scintil-
lation detector4) and LaBr3 (Ce) scintillator were in-
stalled downstream of the DELTA chamber for particle
identification.
The DELTA measurement results are shown in Fig. 2.

The x-axis indicates the scattering angle of the recoil
particles, and the y-axis indicates the energy loss of

∗1 Department of Physics, Rikkyo University
∗2 RIKEN Nishina Center
∗3 Department of Physics, Kyoto University
∗4 Center of Nuclear Study, University of Tokyo
∗5 Institute of Modern Physics, Chinese Academy of Sciences
∗6 Department of Physics, Konan University

Fig. 1. Schematic of beamline and detectors to measure pro-

ton elastic scattering.

Fig. 2. Correlations between the recoil angle and energy de-

posit.

recoil protons in second ∆E detector. We preliminary
obtained a clear locus for correlations between the recoil
angle and energy deposit. This is confirmed that the
proton elastic scattering was correctly obtained with
the DELTA. Analysis with ESPRI detectors and further
detailed data analysis are in progress.
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