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Confirmation of the astrophysically important 6.15-MeV, 1− state in
18Ne via resonant proton scattering of 17F+p

J. Hu,∗1 J.J. He,∗1 S.W. Xu,∗1 H. Yamaguchi,∗2 P. Ma,∗1 D. Kahl,∗2 J. Su,∗3 H.W. Wang,∗4 T. Nakao,∗2

Y. Wakabayashi,∗5 J.Y. Moon,∗6 T. Teranishi,∗7 H.S. Jung,∗6 T. Hashimoto,∗8 A. Chen,∗9 D. Irvine,∗9 and
S. Kubono∗5

The 14O(α, p)17F reaction is important during the
ignition phase of X-ray bursts. However, thus far, the
rate of this reaction remains unknown. Therefore, s-
tudies on this reaction are of great importance in re-
searching explosive stellar environments in a nuclear
astrophysics context. The 14O(α, p)17F reaction is
mainly resonant, and its reaction rate depends on the
resonant properties of the excited states that are above
the α threshold in the compound nucleus 18Ne. A state
observed in 18Ne at Ex = 6.15 MeV has been tenta-
tively identified as the important state, which could be
dominated at low temperatures.

The experiment was performed using the CNS ra-
dioactive ion beam separator (CRIB)1). A primary
beam of 16O6+ was accelerated up to 6.6 MeV/nucleon
with an average intensity of 560 enA. A D2 gas target
was bombarded with the primary beam, resulting in
the production of a secondary beam of 17F via the
16O(d, n)17F reaction in inverse kinematics. The 17F
beam, with a mean energy of 61.9 MeV and an average
intensity of 2.5×105 pps, was then delivered to the F3
experimental chamber where it bombarded a thick H2

gas target. The recoiled light particles were measured
by using three sets of ∆E-E Si telescopes at averaged
angles of θlab ≈ 3◦, 10◦, and 18◦, respectively.
The excitation function of 17F+p elastic scattering

cross sections at different scattering angle regions are
shown in Fig. 1(a)–(b). Five resonances, i.e., at Ex =
6.15, 6.28, 6.35, 6.85, and 7.05 MeV, all of which with
the exception of 6.85 MeV had been observed previous-
ly in other ways, were analyzed using the multichan-
nel R-matrix calculations.2) The most probable fitting
curves are shown in Fig. 1(a)–(b). As shown in the
figure, the fitting results at different scattering angle
regions are consistent with each other.

According to our R-matrix analysis, see Fig. 1(c), a
dip structure around Ec.m. = 2.21 MeV corresponding
to the 6.15-MeV level in 18Ne can be fitted as 1− (s =
2+, ℓ = 1), Γ = 50 keV very well. The shape of the
dip structure is clear, in contrast to the bump shape
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Fig. 1. The center of mass differential cross sections for

elastically scattered protons. The curves represent the

R-matrix fits to the data.

reported previously.3) The 1− assignment with high
statistics in this work firmly maintains the significant
position of 6.15-MeV state at low temperatures.

Moreover, a shoulder-like structure around Ec.m. =
2.93 MeV was observed (Fig. 1(a) and (b)). This
may imply that a new state was discovered at Ex =
6.85 MeV in 18Ne. Both 0−or 0+ resonances can re-
produce the observed shape, as shown in Fig. 1(d). Be-
cause of the small energy shift for the negative-parity
states in this excitation energy region4), this new state
is possibly the analog state of 18O at Ex = 6.88 MeV
(0−). Another possibility also exists: This new state
could be a candidate of the 0+ state, a band-head state
of the six-particle four-hole (6p-4h) band.5)

A more comprehensive analysis and the inclusion of
α particle information are in progress.
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Progress on the 16N beta delayed alpha decay studied using the
Center for Nuclear Study Multi Sampling Time Projection Chamber
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The importance of measuring the cross section of the
nuclear reaction 12C(α, γ)16O at astrophysical energies
is well known. Despite half a century long efforts to
perform this measurement, knowledge regarding this
cross section remains unsatisfactory. Direct and indi-
rect approaches have been used in order to determine
a reliable estimation of its value, which is buried in
the realm of the tenth of femtobarn1). Direct mea-
surements were performed down to a center of mass
energy of approximately 1 MeV, however, the goal for
the application to astrophysics requires to reach 300
keV. With regards to indirect methods, it has been
shown that important pieces of information on the E1
component of the 12C(α, γ)16O cross section can be
derived from the study of the 16N beta delayed alpha
decay2). Many attempts were conducted to measure
the low energy tail of this latter alpha spectrum and
the state of the art on these studies is reported in a
paper by Tang and collaborators3).
In order to improve the available results on the mea-
surements of the spectrum of the alpha particles emit-
ted in the decay of 16N, we proposed a new experimen-
tal approach based on the use of the Multi Sampling
Time Projection Chamber (MSTPC) of the Center for
Nuclear Study (CNS) of the University of Tokyo. In
this new approach the limitations arising from the use
of implantation foils adopted in all previous experi-
ments were eliminated, because the chamber itself be-
comes the implantation material, and the detection ef-
ficiency of the decay products is also increased.
The experiment required a long technical development
phase. During this phase, two 16N beam production
test runs were performed at the CNS Radiocative Ion
Beam (CRIB) facility with very good results. The in-
tesities of the 16N beam obtained during these tests
reached 106 ions per second. A key point in the ex-
periment was the necessity of using MSTPC in pulsed
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mode: an implantation period, during which the beam
is sent and stopped in the middle of the active region of
the MSTPC, is followed by a time period in which the
beam is stopped before entering CRIB and the 16N de-
cay events are detected and registered by the MSTPC.
In order to prevent the destruction of the active de-
vices of the MSTPC, namely two gas electron multi-
pliers, a gating grid was introduced to stop electron
multiplication during the 16N beam implantation pe-
riod. Various timings for the implantation (beam on)
and counting (beam off) periods were tested. The fi-
nal decision was to use an equal duration of 50 ms for
these two periods.
Despite the fact that during the experiment the inten-
sities of the beam reached a value that was lower than
expected on the basis of the previous tests, the exper-
iment was technically successful and data analysis is
being initiated.
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