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Measurement of proton elastic scattering from
136Xe at 200 and 300 MeV/nucleon
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The Measurement of Elastic Scattering Anytime
anywhere any-beam (MESA) project, which is part of
the Transformative Research Innovation Platform of
RIKEN platforms (TRIP), is aiming to measure pro-
ton elastic scattering of various nuclei and determine
the global optical potentials.1) Proton elastic scatter-
ing is one of the most precise probes to determine the
proton and neutron density distributions in the nuclei,
which play an important role in studying the equation
of state of the nuclear matter.
The proton elastic scattering of medium heavy

nuclei; 86Kr,2) 44Ti3) and 50Ca4) was performed
(TRIP23-01 and TRIP24-01-01) for the MESA project.
We focused on 136Xe as one of the benchmark nuclei
in the heavy region. The measurement of elastic scat-
tering of protons from 136Xe was performed at F12 in
November 2024 (TRIP24-01-02). In this experiment, a
345MeV/nucleon 136Xe beam was decelerated to 200
and 300 MeV/nucleon and selected by its charge state
using BigRIPS, and then transported to F12 at a high
rate of about 600 kcps. Because of the high intensity
of the beam, the standard detectors were moved out
after measuring the beam profile. The DELTA5) and
ESPRI6) detector systems were employed to detect re-
coil protons. The 50µm thick polyethylene target and
1mm thick solid hydrogen target were used for DELTA
and ESPRI, respectively. The setup of the detectors
at F12 was similar to that of the TRIP24-01-01 exper-
iment.3,4)

While the data analysis is ongoing, we show online-
analysis results in this article. Figure 1 shows the kine-
matical correlation between the recoil angles and pro-
ton energies obtained by the ESPRI device. Elastic
events are visible in the shade between θlab = 74◦ and
81◦. The plots for particle identification (PID) are
shown in Figs. 2(a) and 2(b). Figure 2(a) shows the
correlation between the deposited energies in 300 µm
thick Si strip detector and GAGG(Ce) calorimeter. We
also employed the pulse shape analysis of GAGG(Ce)
calorimeter for PID.7) Figure 2(b) shows the result of
this new method. The ∆E-E method works well in the
low energy region, whereas the method using the pulse
shape analysis can separate the proton and deuteron

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

66 68 70 72 74 76 78 80 82 84 86
 (deg)labθ

0

0.5

1

1.5

2

2.5

3

3.5

4
310×

D
ep

os
ite

d 
En

er
gy

 in
 N

aI
(T

l) 
(a

.u
.)

Fig. 1. Kinematical correlation between recoil angles and

proton energies measured by NaI(Tl) calorimeters of

the ESPRI device. The locus of elastic protons can be

seen by a shade at higher angles.
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Fig. 2. PID plots of DELTA. (a) Correlation between the

deposited energies in ∆E Si detector and GAGG(Ce)

calorimeter. In the low energy region, the loci of the

protons and deuteron are visibly separated. (b) PID

plot obtained using the pulse shape analysis method.7)

The horizontal and vertical axes indicate the integrated

charge of the signal, Q, and the charge divided by the

pulse height, H, respectively. Lines represent the pro-

ton and deuteron loci predicted by the response func-

tion depending on AZ2.

loci in the higher energy region.
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Measurements of charge-changing and reaction cross sections of
neutron-rich Ca isotopes
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In the neutron-rich region of the nuclear landscape,
nuclei exhibit many surprising properties. The forma-
tion of exotic structures such as neutron skins and halos
have been observed,1) and evolutions of nuclear shell
structure have been reported in light exotic nuclei.2)

Experimental findings of such new phenomena are es-
sential to elucidating the underlying mechanisms and
refining the nuclear models. The evolution of the shell
structure of neutron-rich nuclei is of particular interest
owing to new shell closures appearing and conventional
ones disappearing.
The N = 32 and 34 new shell closures are prominent

in neutron-rich Ca isotopes from the mass measure-
ments of 52–54Ca3) and the observed large excitation
energy of the first 2+ state in 54Ca.4) However, recent
measurements of the proton (charge) root-mean-square
(rms) radii of 49, 51, 52Ca5) have raised questions on the
proposed N = 32 shell closure. The measurement of
masses of 55–57Ca6) also suggests a shell closure at N
= 34.
The size of a nucleus, which can be defined as the rms

radius of its nucleon density distribution, can provide
important insights on the evolution of the shell struc-
ture. Extensive studies7) on the isotopic and isotonic
trends of nuclear charge radii have shown that strong
correlations exist between the charge radii and other
ground and excited state observables of closed-shell nu-
clei. Along an isotopic chain, the charge (proton) rms
radius (denoted as the proton radius hereinafter) ex-
hibits a decrease at neutron shell closure. While such
a decrease is seen for 48Ca related to the N = 28 shell
closure, the proton radius of 52Ca measured by isotope
shift shows an increase compared with 50Ca.5) In a re-
cent experiment performed at the RIKEN RIBF facil-
ity, we investigated the interaction and charge changing
cross sections of 48–55Ca with energies of approximately
250 MeV/nucleon reacting with a C target of thick-
ness of approximately 1 g/cm2. The measurement was
based on the transmission technique, where the ratio of
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Fig. 1. Particle identification (preliminary) before the reac-

tion target at the F8 focal plane of BigRIPS.

the number of outgoing un-reacted nuclei to the num-
ber of incident particles provides the interaction cross
section. The charge changing cross section was mea-
sured from the ratio of the number of particles with
Z ≥ Zincident to the number of incoming particles for
the nucleus of interest. These isotopes were produced
from the fragmentation of a 70Zn primary beam with
a 9Be production target. The isotopes were identified
(Fig. 1) using the ∆E-Bρ-TOF method using the Bi-
gRIPS fragment separator. The reaction target was lo-
cated at the F8 achromatic focal plane. The energy-loss
(∆E) was measured via multi-anode ionization cham-
bers placed before the reaction target at F7 focal plane
and after the target at F8. Fast timing plastic scintil-
lators located at the different focal planes from F3–F11
measured the time of flight of the ions. The magnetic
rigidity was derived from the positions measured using
parallel plate avalanche counters (PPAC) and the mag-
netic field of the dipoles. The charge changing cross
sections were determined from the energy deposit in
the ionization chamber for nuclei with Z ≥ 20, after
the target at F8. The unreacted Ca isotope of inter-
est was transported to the F11 focal plane through the
zero-degree spectrometer. The analysis of the data is
currently in progress.
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