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Measurement of proton elastic scattering from 50Ca
with a new telescope DELTA
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We have began a new program of Measurement
of Elastic Scattering Anytime Anywhere Any-beam
(MESA) to construct a elastic scattering database of
various unstable nuclei that is essential for both nu-
clear reaction and structure studies. The MESA pro-
gram is part of the Transformative Research Innovation
Platform (TRIP) project at RIKEN,1) and is now col-
laborated with the ESPRI project2) for measurements
of proton elastic scattering and determinations of nu-
clear density distributions in unstable nuclei. Based
on the study of the ESPRI project, we have newly de-
veloped telescope arrays, DELTA3) which have large
solid angles. We constructed three DELTA telescopes.
Each telescope consists of a micro-strip silicon detector
(SSD1) and 5-mm-pitch strip silicon detector (SSD2)
and CsI(Tl)/GAGG(Ce) calorimeters. In the TRIP23
and TRIP24 experiments in March, May, and Oct. in
2024, we developed the DELTA system and successfully
measured proton elastic scattering in inverse kinematics
using several heavy ion beams.4–6)

In this paper, we report the first MESA measurement
from unstable 50Ca at 300 MeV/nucleon performed at
the F12 focal plane area of RIBF, in May 2024. The sec-
ondary beam including 50Ca was produced from 70Zn
beam at 345 MeV/nucleon and was transported to the
F12 area. At F12, the ESPRI device with a solid hy-
drogen target (SHT)7) and the DELTA telescopes with
a CH2 target were installed in series. The beam trajec-
tories were determined using a N2 gas scintillator and
two multi-wire drift chambers (MWDCs) located before
the SHT. Xe gas and LaBr3(Ce) scintillators were also
installed after the CH2 target for the particle identifi-
cation (PID) of the reaction residues. The intensity of
the cocktail beam was 130 kcps, and the purity of 50Ca
beam was approximately 20%. The total irradiation
time on the secondary targets was approximately eight
hours.
As shown in Fig. 1, we selected 50Ca from the corre-

lation between the time-of-flight (TOF) at F3 and F7
and the energy loss by the Xe scintillator at F12. Even
with the limited beam time, we also identified the clear
elastic loci in the correlations between the recoil an-
gles and the energy deposits in the DELTA detectors
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Fig. 1. PID plot of TOF data at F3-F7 and energy loss data

at the Xe scintillator at F12.

Fig. 2. Correlations between the recoil angle θp in the lab-

oratory frame and the energy deposits at SSD2 (left),

and at the GAGG(Ce) calorimeter (right) of the scat-

tered protons from 50Ca beam. Two-body kinematical

curves of p−50Ca elastic reaction are also plotted in red

lines.

of scattered protons, as shown in Fig. 2. We prelim-
inarily obtained an r.m.s excitation energy resolution
of 0.6 MeV derived from the kinematical correlation,
which was consistent with the simulation result.
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Proton elastic scattering with 86Kr beam at 66 MeV/nucleon
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Proton elastic scattering on a nucleus is one of the
fundamental nuclear reactions. Experimental data
on various stable nuclei with several beam energies
have been gathered. Global optical model poten-
tials (OMPs) have been developed and widely used for
performing the calculations that describe the proton-
induced reactions using these data. The parameters of
the global OMPs are usually calculated using the nu-
clear mass number (A), charge number (Z), and kinetic
energy. Global OMPs can also be applied for calculat-
ing reactions with unstable nuclei by setting A and Z
away from the stability line. However, how much these
parameters can be applied to unstable nuclei should be
evaluated because these parameters originate from the
elastic scattering with stable nuclei. The experimen-
tal data on proton elastic scattering with unstable nu-
clei remain limited. The measurement of elastic scat-
tering anytime anywhere any-beam (MESA) project
has started as a part of the Transformative Research
Innovation Platform (TRIP) of RIKEN platforms use
case.1)

Proton elastic scattering is measured using inverse
kinematics with an unstable nuclear beam and a pro-
ton target. The recoil proton from the target is
measured using the DELTA telescopes, as shown in
Fig. 1(a).2) The telescope is composed of three lay-
ers. The first layer is a single-sided strip silicon de-
tector (SSD) with a thickness of 0.1 mm and a strip
pitch of 0.1 mm. The second layer is another SSD
with a thickness of 0.3 mm and a strip pitch of 5 mm.
The last layer is an inorganic scintillator of CsI(Tl) or
GAGG:Ce. The scattering angle of the proton is mea-
sured using the hit position of the two SSDs. The total
kinetic energy is reconstructed through adding the en-
ergies measured using the three detectors. The E−∆E
method is used for identifying the recoil particles.
The first experiment with a heavy ion beam was per-

formed in March 2024 using three DELTA telescopes.
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Fig. 1. Photographs of the experimental setup. (a)DELTA

telescopes and target, placed in the DELTA chamber.

(b) Beam line detectors downstream of the DELTA

chamber.

The primary 86Kr31+ beam at 66 MeV/nucleon from
RRC was transported to the RIPS beam line. The slits
were used between RRC and RIPS to reduce the beam
spot size and the beam intensity. Standard PPAC de-
tectors were installed for tuning the beam at RIPS,
which are uninstalled during the main measurement
due to the high beam intensity. The beam intensity
and spot size at the target were 200–300 kcps and ap-
proximately 0.6 mm r.m.s, respectively. The telescopes
were placed in the DELTA chamber at the F3 focal
plane. A target ladder was also fixed in the chamber.
Four targets were prepared: CH2 (4.7 mg/cm2) for
the main measurement, carbon (5.6 mg/cm2) for the
background measurement, empty for the tuning, and a
mask target for the calibration, as shown in Fig. 1(a).
The target was changed without breaking the vacuum
using a stepping motor.
Some detectors were placed downstream of the tar-

get, as shown in Fig. 1(b). Two low-pressure multi-
wire drift chambers (MWDCs) were used to measure
the trajectory of the beam-like particle. A diamond
detector was used for determining the beam intensity.
A Xe gas scintillator was used for identifying particles.
The beam was stopped in the copper beam dump.
The data are in the process of being analyzed.
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