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17F elastic scattering and total reaction cross section on 58Ni target
around Coulomb barrier
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The reaction mechanisms of weakly bound nuclear
systems have attracted much attention lately1). Be-
cause of the small binding energy, the weakly bound
projectiles can easily break up into smaller fragments
when they interact with the target2). Moreover, the
consequence of the breakup channel on the fusion
process is still controversial3). Therefore, a detailed
knowledge on the breakup process is important for
a deep understanding of the reaction mechanism of
weakly bound systems.

In view of this fact, 17F4) was chosen to study the
breakup mechanism of the 17F+58Ni system. For this
purpose, a new detector array has been designed, to
perform a complete-kinematics measurement. The ar-
ray consists of ten detector units, each of which con-
tains one ion chamber (IC), followed by one double-side
silicon detector (DSSD), and two thick quartered sili-
con detectors (QSDs). Based on this array, the energy
and angle correlations between the breakup fragments
can be measured to reconstruct the intermediate state
of the breakup process. The elastic scattering and oth-
er reaction channels can also be measured to investi-
gate the total reaction cross-section. The resolution of
single detector unit is around 4%. Thus, the inelas-
tic channel may not be distinguished. However, the
influence can be estimated because there is only one
excited state below the breakup threshold of 17F.
The experiment was performed at the CRIB (C-

NS Radio Isotope Beam) separator from Dec.10 to
19, 2015. The radioactive 17F was produced by the
2H(16O,17F) reaction using a 6.6 MeV/u 16O prima-
ry beam impinging on a H2 gas target. Four different
17F secondary beam energies were obtained. The for-
mer, 59.7 MeV, was achieved with a gas pressure of
254 torr and a Al degrader with a thickness of 5 µm.
By increasing the gas pressure and Al degrader up to
262 torr and 12 µm, as well as 316 torr and 17 µm, the
beam energies of 49.7 MeV and 46 MeV were obtained,
respectively. The latter, 65 MeV, was achieved with a
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Fig. 1. Identification of particles yielding from 17F+58Ni at

Elab(
17F)=59.7 MeV. Symbols ∆E1 and ER1 represent

the IC and DSSD, respectively, and ∆E2 and ER2 are

the two QSDs. The horizontal tail of 17F arises from

the radiation damage and/or channeling effect of the

solid detector.

gas pressure of 250 torr and without a degrader. After
selection by the WF and tracked by two PPACs, the
secondary beam, with an intensity of 6-10×105 pps,
was then impinged on the secondary target, 58Ni, with
a thickness of 1 mg/cm2. The identification of parti-
cles obtained using the first detector unit (θlab from
15.2◦ to 30.5◦) is shown in Fig. 1. It can be seen that
17F, 16O, and p can be distinguished clearly.
The data analysis is in progress now.
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Measurement of alpha elastic scattering on 15O
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The γ rays emitted from novae are dominated by
e+-e− annihilation, of which main source is believed to
be the β+ decay of 18F. The amount of 18F produced
in nova depends significantly on the reaction rates of
18F(p, α)15O and 18F(p, γ)19Ne and the former one is
known as the most important destructive reaction.1)

This reaction rate is thought to be dominated by two
resonances, 3/2− and 3/2+, which are located at Ex =
6.74 MeV and 7.07 MeV in 19Ne, respectively. In par-
ticular, the interference term between the strong 3/2+

state at 7.07 MeV and the other 3/2+ states around
the proton threshold (6.41 MeV) is known to affect the
reaction rate significantly in the astrophysically impor-
tant energy region.2) However, the 3/2+ states at Ex

= 6.42 and 6.45 MeV are still controversial while the
3/2− state at 665 keV above the proton threshold was
observed clearly.2–6) Therefore, to confirm the energies
and Jπ assignments of these resonances, the study of
19Ne using 15O + α would be very useful because al-
pha threshold energy(3.53 MeV) is much lower than
the proton threshold energy(6.41 MeV).

A measurement of alpha elastic scattering on 15O
was performed using the thick target method, which
can provide a continuous excitation function in inverse
kinematics because energy loss occurs steadily through
thick gas cell filled with 4He. The primary beam, 15N
(7.0 MeV/u, 0.6 pµA), was transported from the AVF
cyclotron of the RIKEN Accelerator Research Facility
to the low-energy RI beam separator, called CRIB at
the Center for Nuclear Study, University of Tokyo7)

and impinged on a hydrogen gas target with a thickness
of 1.09 mg/cm2. The primary target was cooled to 90
K by liquid nitrogen in order to prevent the target
window from breaking due to heat.8)

The secondary beam, 15O, was obtained by the
p(15N,n)15O reaction. The 15O beam was selectively
purified by a Wien filter system so that the beam pu-
rity was 99.9% at the focal plane (F3) of CRIB as
shown in Fig. 1.

The final intensity of 15O beam was 6×105 counts/s
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Fig. 1. Secondary beam distribution in F3 after Wien filter.

at the target. The F3 chamber was filled with the he-
lium gas of 600 Torr, which was maintained at room
temperature. For detecting the recoiling alpha par-
ticles, two sets of the ∆E-E telescope at 0◦ and 15◦

were installed in the F3 chamber, which was located
at a distance of 200 mm from the entrance window of
the chamber. The effective target thickness was 2.63
mg/cm2. The thicknesses of two detectors are 20 µm
and 480 µm, respectively. The energy of the 15O beam
was well-defined with 36.0±0.5 MeV after the entrance
window (Mylar 20 µm-thick) of the F3 chamber, which
means the measured energy was Ex=3.53-11.13 MeV
in 19Ne. For subtraction of the background, we per-
formed the measurement of 15O + Ar using Ar gas
target. The data are being currently analyzed.
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