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Design of experiment for search of 10N resonances with resonant scattering of 
9C off polarized proton 

 
E. Milman,＊1,＊2 T. Teranishi,＊3 S. Chebotaryov,＊1,＊2 N. Imai,＊4 T. Kawahara,＊1 S. Sakaguchi,＊3  

K. Tateishi,＊1 and T. Uesaka＊1 
 

The 9C+p elastic resonant scattering has been proposed 
for search of resonances in the unbound 10N nucleus whose 
structure is almost unknown at present. Theoretically, four 
low-lying 10N levels are expected as two very broad 2s1/2 
and two very broad 1p1/2 proton single-particle resonances, 
each of which has a width much larger than 1 MeV. These 
resonances overlap each other and may not be clearly 
identifiable in the 9C+p excitation function. The level 
information obtained in the experiment is useful for 
discussing resonances in 10Li because 10N and 10Li are 
mirror partners that are expected to have similar structures. 
The 10Li structure provides us with valuable information for 
constructing the three-body model of the borromean 11Li 
nucleus. 

We proposed to measure analyzing power to resolve 
these broad resonances1). The combined information of the 
excitation function and an analyzing power spectrum will 
enable us to impose more strict constraints on analysis of 
the resonances. 

The range of center-of-mass energy was set to 1–5 MeV 
to cover the ground state of 10N, predicted at around 1.5 
MeV, and several excited states (one experimentally 
observed at 2.6 MeV2)). For the measurement of analyzing 
power and excitation function, we considered to adopt the 
thick-target method in inverse kinematics (TTIK), where 
the excitation function can be scanned with a single beam 
energy utilizing the energy loss of the beam particle in the 
target. 

We conducted LISE++ simulation to produce 9C beam on 
RIPS with a low energy of 5 MeV/A. In the simulation, 
using a 12C primary beam with 70 MeV/A and 200 pnA, 3.5 
mm-thick Be target, and 583 mg/cm2-thick Al wedge 
degrader at F1, beam intensity obtained at F2 was ∼3.5 × 
104 pps with a purity of >90%. RF deflector can be used to 
reduce the rate of contamination because the rate of 
contaminations such as 8B and 7Be is one order magnitude 
larger than the simulated value in the proton rich side. We 
also planned to replace Al wedges with (CH2)n wedges to 
decrease the multiple scattering effect. 

Polarized target is required for the measurement of 
analyzing power. A polarized proton solid target for 
low-energy beam experiments3) has been designed based on 
existing system for intermediate energies4).  
 
 
                                                 
＊1  RIKEN Nishina Center 
＊2  Department of Physics, Kyungpook National University  
＊3  Department of Physics, Kyushu University 
＊4  KEK 

A single crystal of p-terphenyl doped with pentacene 
molecules with a concentration of 0.05 mol% was chosen as 
the target material, which allows us to operate the target in 
vacuum environment at room temperature. Thickness of the 
target was chosen to be 110 μm to cover the range of the 
secondary 9C beam. Strength of the magnetic field was 
chosen to be 0.2 T to maintain the polarization, and this 
does not severely affect the particle trajectory. The 
estimated polarization was 15% at this magnetic field. 
Production and polarization of thin films (7 μm) have 
recently been realized at Osaka University5), where the size 
of the grown single crystal was 3 × 4 mm2. However, 
production of large sized single crystals, with a desired 
diameter of 2 cm, remains a challenge. We designed a 
technique to grow a crystal between two thin films. 

We consider use of silicon detector for detection of 
protons with energies of 3–18 MeV. Each telescope consists 
of one 65 μm-thick double sided silicon detector (DSSD) 
and two 1.5 mm-thick DSSDs with a detection area of 50 
mm × 50 mm. Two telescopes are planned to be placed at 
both left and right sides of the beam line at a laboratory 
angle of ±22.5◦, where the vector analyzing power is 
expected to have large absolute values. We plan to place 
another telescope at 0◦. The distance between the target and 
the telescopes is 250 mm.  

TTIK method allows us to archive an ECM resolution of 
approximately 76 keV with a proton energy resolution of 
120 keV. 
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Equation 1 shows dependence of ECM on recoil proton 
energy, where A= 9 for 9C and θp is proton scattering angle 
in laboratory frame. 
In conclusion, we proposed the first low energy RI 
experiment with polarized proton target. RIKEN polarized 
proton target has been redesigned for use with low energy 
RI beam. We plan to construct the target in the next fiscal 
year.    
 
References 
1) T. Teranishi, S. Sakaguchi, T. Uesaka et al., AIP Conf. Proc. 

1525, 552 (2013). 
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Measurement of alpha elastic scattering on 15O
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The measurement of alpha elastic scattering on 15O
for studying the resonance states of 19Ne was per-
formed by using the CRIB (CNS Radioactive Ion Beam
separator) at the Center for Nuclear Study, University
of Tokyo. Alpha-cluster structures have been an in-
teresting subjects of study. Several investigations of
alpha-cluster structures have been conducted on 4N
nuclei such as 8Be, 12C, 16O, and 20Ne.1–3) In the case
of 19Ne, because the system of nuclei can be regarded
as 20Ne plus one hole, weakly coupled states of the
alpha and hole have been studied theoretically in the
low-excitation energy region, but limited experimental
data are available, till date. Therefore, experimental
study of alpha elastic scattering on 15O is very crucial
for understanding how alpha clustering is manifested
in proton-rich nuclei. Unknown alpha-cluster states
of 19Ne from 1− and 3− members (Kπ= 0− cluster
band of 20Ne) as well as 4+ and 6+ members (Kπ=
0+ cluster band of 20Ne) can be identified by perform-
ing alpha elastic scattering on 15O. Because the study
of alpha cluster states of 19Ne has been carried out
theoretically, this experimental result can be used to
confirm the alpha-cluster structure of Z>N nuclei of
Ne isotopes.4,5)

Moreover, astrophysically, the 18F(p, α)15O reaction
is very important because the amount of 18F produced
in a nova depends sensitively on the reaction rates
of 18F(p, α)15O and 18F(p, γ)19Ne.6) To date, exper-
imental studies using 18F beams as well as theoretical
works have been reported competitively. However, res-
onance parameters of relevant states above the proton
threshold at Ex = 6.411 MeV have not been confirmed
and remain controversial.7–9) Therefore, if the reso-
nance properties of 19Ne using 15O(α, p)18F are stud-
ied, which is a time reverse reaction of 18F(p, α)15O, we
can expect better results because the 15O + α thresh-
old energy is only 3.53 MeV(Ex of 19Ne).
In this study, the 15O(α, α)15O reaction was mea-

sured in the energy range Ec.m. = 1.5 − 7.1 MeV,
which corresponds to Ex = 5.0 − 10.6 MeV of 19Ne.
The primary beam, 15N (7.0 MeV/u, 0.6 pµA), was
transported from the AVF cyclotron and impinged
on a hydrogen gas target with a thickness of 1.09
mg/cm2. The secondary beam, 15O, was obtained by
the p(15N,n)15O reaction. Fig. 1 shows beam identi-
fication for 15O and other contaminations on the F2
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Fig. 1. Secondary beam identification on the F2 focal

plane.

focal plane. The main contamination of the secondary
beam was 15N, the primary beam. 15O beams of 6×105

counts/s were collected at the F3 chamber which con-
tains He gas and a Si telescope and the beams were 96
% pure after passing through a Wien filter. The en-
ergy of the 15O beam was 34 MeV after the entrance
window (Mylar 25 µm-thick) of the F3 chamber.

For inducing alpha elastic scattering, we filled He gas
directly in the F3 chamber without a special gas cell.
We installed the one-set telescope of consisting two Si
layers (20 µm-thick and 480 µm-thick, respectively)
at zero degrees; it was located at a distance of 200
mm from the entrance window of the chamber and the
pressure of 4He gas was 760 Torr at room temperature,
which is equivalent to that for an effective thickness of
3.33 mg/cm2. The data are currently being analyzed.
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