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The 7Li problem is a discrepancy between the stan-
dard Big-Bang Nucleosynthesis (BBN) model and ob-
servations. Our research goal is to measure the cross
section of the 7Be(d, p) reaction to solve this 7Li prob-
lem. A recent theoretical BBN model predicts a pri-
mordial 7Li abundance that is 3 times larger than the
recent precise observation.1) This difference is quite
large, while the theoretical calculation reproduces the
abundance of the other light nuclei well. One possi-
ble scenario to solve the problem, which has not been
included yet in the BBN model, is that 7Be was de-
stroyed in the nuclear reaction after the Big Bang. The
7Be(d, p)8Be and the 7Be(n, α)4He reactions are two
promising processes for destroying 7Be. We are focus-
ing on the 7Be(d, p)8Be reaction since the contribution
from 7Be(d, p)8Be is suggested to be larger that from
7Be(n, α)4He.2,3)

We are developing an unstable 7Be target for high-
resolution measurement of the 7Be(d, p)8Be reaction
in normal kinematics. This is a big technical challenge
since 7Be is an unstable nucleus. We suggested to make
the 7Be target by implantation in a host material. This
is called the Implantation method. The development is
ongoing at CRIB, Center for Nuclear Study (CNS),
University of Tokyo. The first experiment was per-
formed in June 2016. The primary beam was 7Li2+ at
5.6 MeV/nucleon. The secondary beam was produced
by the 1H(7Li, 7Be) reaction by employing a cryogenic
hydrogen gas target. The gas thickness is 8 cm and
the gas pressure was 760 Torr. The secondary beam
energy was 4.0 MeV/nucleon. A 10-µm thick gold foil
as a host target was irradiated with the 7Be beam after
an energy degrader made of gold with a thickness of
15 µm and a collimator with a diameter of 3 mm. We
evaluated the amount of the implanted 7Be by detect-
ing 477 keV γ rays with a LaBr3 detector after the im-
plantation. The γ ray is emitted through the electron
capture decay of 7Be with a branching ratio of 10.4%.
We obtained 1.3×1011 (4.3×1010/mm2) 7Be particles
after 19 hours of irradiation. The average beam in-
tensity was 6.3 ×105/mm2. However, the number of
the 7Be particles is almost 10 times smaller than our
estimation from the maximum intensity (～106/mm2)
of CRIB’s previous performance. We suspect that the
beam spot size and the beam profile at F2 were not
fully optimized for the high-intensity 7Be beam down-
stream of the collimator and not maintained at a fixed
position during the long irradiation time since we did
not check the 7Be beam profile when the beam inten-
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sity was increased. This is because it was not possible
to count such a high intensity beam directly.

Based on the result of the experiment in 2016, we
performed a development experiment at CRIB to opti-
mize the beam line optics and obtain an intense beam
of 7Be, in April 2017. Previously, the beam profile
was checked with the PPAC detector at CRIB. How-
ever the PPAC detector is not a detector for such a
high rate, so we could not count the high intensity
beam with the existing detector. To solve this issue,
we installed a metal mesh at F1 and a plastic scin-
tillator at F2 to count the beam intensity. This was
a new trial at CRIB. The metal mesh was used to re-
duce the 7Be beam intensity, and hence we could count
the 7Be beam intensity directly by the plastic scintil-
lator. In this experiment, we tuned the ion-optical
parameters and the steerer on the beam line for the
best-positioning and focusing of the secondary 7Be,
by counting the intensity with the plastic scintillator.
We achieved 6.8×106/mm2 as the average beam inten-
sity after the optimization of the settings of beam-line
optics. We obtained 1.2×1012 (1.7×1011/mm2) 7Be
particles with 7-hours irradiation. As the next step,
we plan to measure the 7Be(d, p) reaction at Japan
Atomic Energy Agency, tandem facility. The 7Be tar-
get will be produced at CRIB before the (d, p) reac-
tion measurement, planned for 2018. About 8.2×1012

(2.6×1012/mm2) 7Be ions will be implanted in 2 days
of irradiation.

Fig. 1. Plane view of CRIB, where the Q1, Q2, Q3, and M3

magnets and the steerer were optimized in the present

work. The installation of the mesh at F1 and the plastic

scintillator at F2 was a new trial at CRIB to count the

high intensity beam. The 7Be beam was counted after

the 3 mm diameter collimator.
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26mAl proton resonant elastic scattering with CRIB
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26Al is known as the first specific radioactivity dis-
covered with extraterrestrial origins.1) The observed
spatial and velocity profiles of galactic 26Al provide
insights to nucleosynthesis and galactic chemical evo-
lution. In this context, the stellar nuclear reactions
which produce and destroy 26Al should be sufficiently
constrained by experimental data when possible, in or-
der to reduce the uncertainties on the ejected mass of
26Al calculated in various stellar models. Knowledge
of the reaction rate of radiative proton capture on the
low-lying isomeric state 26mAl(p, γ) is still lacking, par-
ticularly at higher excitation energies when the two
species 26g,mAl are expected to be in thermal equilib-
rium (> 1 GK).
We performed the first measurement of mixed

26g,mAl proton elastic scattering at the CNS low-
energy RI beam separator (CRIB)2) to search for low-
spin states with large Γp which may influence the
26mAl(p, γ) rate. Considering the isomer’s excitation
energy of 228 keV, the typical operating resolution of
CRIB (∆p

p ∼ 1%) is insufficient to distinguish the two
26Al species event by event. To make the measurement
tractable, we considered that the 26Mg(p, n)26Al reac-
tion cross section shows anticorrelated yield for 26g,mAl
depending on Ec.m.

3) as well as that the previous mea-
surement of 26gAl(p, p) showed only Rutherford scat-
tering over the measured energy range.4)

We produced the cocktail beam inflight via the
26Mg(p, n)26Al reaction in inverse kinematics. A pri-
mary beam of 26Mg8+ was extracted from the Hyper-
ECR ion source, accelerated up to 6.65 MeV/u by the
AVF cyclotron, and delivered to CRIB with typical
intensities of 25–50 pnA. The 26Mg beam impinged
on the CRIB cryogenic production target, which con-
tained H2 at 130–290 Torr at an effective temperature
of 90 K over 8 cm (0.4 to 0.8 mg cm−2). By varying the
H2 gas pressure as well as a removable Havar energy de-
grader foil upstream of the production target, we could
control Ec.m. and hence the isomeric purity of the cock-
tail beam. We regularly monitored the isomeric purity
using β-decay measurements in a beam pulsing mode.
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Fig. 1. Example laboratory residual proton energy spectra

obtained near 0◦. The isomeric purity of (b) is higher

than (a).

The decay measurements were interpreted with the as-
sistance of Geant4 simulations, and we found the iso-
meric purity was approximately 40–60% depending on
the experimental conditions. The 26Al cocktail beams
had an average intensity of 1.5× 105 pps, 93% purity,
and on-target energies of 68, 83, and 93 MeV

To measure the physics of interest, the 26Al beam
was tracked with two PPACs before fully stopping in a
7.5 mg cm−2 CH2 foil which served as a proton target.
Scattered protons were measured at forward labora-
tory angles with ∆E–E silicon telescopes. Background
contributions from carbon in the polyethylene target
were evaluated by intermittently exchanging the CH2

foil with a 10.6 mg cm−2 carbon foil. Examples of
the preliminary laboratory proton energy spectra are
shown in Fig. 1. The background contribution from
carbon (scaled to the number of incident 26Al ions)
looks smooth, and hints of some peak-like structures
seem to emerge when the isomeric purity is higher.
These preliminary results look promising for our future
analysis, where we will add all the kinematic conditions
including all energy losses to obtain the proton scat-
tering excitation function in the center-of-mass frame.
Finally, we plan to extract resonance parameters with
an R-matrix analysis.
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