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In order to investigate the response of living cells to
radiation, micrometer-sized beams are used to shoot a
small structure inside the cell. A microbeam irradiation
system has been developed at RIKEN, employing MeV
H/He ions generated by the Pelletron accelerator and ta-
pered glass capillary optics, whose beam inlet and outlet
diameters are ∼1 mm and several micrometer, respec-
tively.1) HeLa cells2) and E-coli. cells3) were irradiated
using this system. Since the high accuracy needed to
shoot the targets should be achieved easily, the installa-
tion of an aiming system utilizing laser micro spot has
been scheduled. The capillary can transmit both ions
and laser at the same time. The aiming system provides
the laser microbeam needed to spotlight the target prior
to ion irradiation. When the excitation light of a specific
fluorescent protein or fluorescent dye is selected as the
spotlight, only the labeled target in a microscopic view
will be irradiated by the ion microbeam.

The laser transmission experiments have been carried
out with tapered glass capillary optics in Toho Uni-
versity. The power of the transmitted beam was well-
reproduced by a simulation with a precisely measured
capillary shape.4) The beam power was measured by us-
ing a power meter based on a photodiode whose sensi-
tive area was 10 mm× 10 mm. In order to determine
the laser spot size, a microscopic imaging technique is
needed. Figure 1 shows our method, which records the
spot shape on a fluorescent-bead screen located L mm-
downstream of the capillary outlet; it was set up at the
Quantum Electronics Lab. in Toho Univ., using a laser
beam from an Ar+ laser source (wavelength λ = 488 nm,
CW power = 15 mW). The screen consists of fluorescent
beads, 2 µm in diameter, which can shift the λ from
488 nm (input laser) to around 508 nm (fluorescence).
A band pass filter attached at the eye piece suppresses
the input laser intensity by 10−6, except for λ = 510
with a width of 20 nm. The spot images were taken
by a digital camera and analyzed for L > 1 mm in a
previous work.5)

This year, we introduced another microscope to deter-
mine L precisely and succeeded in achieving measure-
ments of L down to 17 µm, which is short enough to
spotlight the cell targets in the range of 4 MeV He2+ ions
in water. The spot shape for L > 1 mm was similar to
that of a Fraunhofer diffraction pattern, which is known
as the ring images for a parallel laser beam entering a
small aperture. Although a finite beam divergence dur-
ing transmission does not follow the Fraunhofer formula,
the obtained similarity for L > 1 mm inspires Fresnel
pattern for L < 100 µm, where higher-order outer rings
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Fig. 1. Fluorescent beads, 2 µm in diameter, shift the wave-

length from 488 nm (input laser) to around 508 nm (fluo-

rescence) in order to observe the spot shape at a specific

distance.

Fig. 2. The spot size as a function of the capillary outlet

diameter at L = 17 µm and λ = 488 nm.

are strongly suppressed. This is highly advantageous for
spotlighting a small target. We succeeded in performing
spot size estimation, for the first time, using the precise
L-determination system. Figure 2 shows the results of
spot size as a function of outlet diameter at L = 17 µm.
The full spot width at half (or 20%) maxima for each
spot is represented by a square (or circular) symbol. The
dashed line is a guide to show the case when the spot size
is equal to the outlet size. We confirmed that smaller
spots are obtained for smaller outlet capillaries without
any higher-order rings. The estimation included the cal-
ibration of non-linearity of light intensity at the camera
and the suppression of the halation effect due to cross-
talk between the fluorescent beads. The installation of
the system to a beam line of the Pelletron accelerator is
in progress.
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TINA - a silicon tracker for transfer reactions
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Transfer reactions are powerful tools in nuclear
physics to study the structure of atomic nuclei. In (d, p)
transfer, for instance, one neutron is added to a nu-
cleus populating a single-particle orbital. Respective
measurements reveal important information about the
shell structure, such as the appearance of closed shells
(magic numbers) in exotic nuclear matter.1)

The recently commissioned OEDO beamline2) of
CNS and RIKEN can provide beams with the neces-
sary intensities at low energies (10–20 MeV/nucleon),
offering experimental access to regions of the nuclear
chart that were hitherto inaccessible for (d, p) studies.
To utilize OEDO for transfer reactions, the silicon

detector setup called TINA has been developed and
successfully used in two experiments. TINA is a joint
project of CNS, RCNP Osaka, and RIKEN Nishina
Center. It is designed for the position and energy
measurements of recoiling light particles (protons) from
transfer reactions in inverse kinematics.
The first (existing) version of TINA is shown in

Fig. 1. It consists of six telescopes, each with a YY1-
type silicon strip and CsI detectors. It has been used
at Kyushu University Tandem Accelerator and at the
OEDO facility. At Kyushu, a 12C beam impinged on a
deuterated Ti target.3) The obtained kinematics curve
(energy of YY1 vs. lab angle) of the recoiling light par-
ticles is shown in Fig. 2. Deuterons from elastic scat-
tering as well as protons from transfer to the ground
state and some excited states were observed.

CsICsI YY1YY1

Fig. 1. Photograph of TINA during use in the OEDO Day 0

experiment.
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In the OEDO Day 0 experiment in November 2017,
77,79Se beams were energy-degraded and irradiated onto
a CD2 target. The light recoiling particle identifica-
tion (PID) plot obtained with TINA is shown in Fig. 3,
where the energy loss measured with the silicon detec-
tors are plotted against the remaining energy deposited
in the CsI crystals. Protons, deuterons, and tritons can
clearly be distiguished.
An upgrade to implement highly granular DSSD de-

tectors with GET readout electronics4) is ongoing. The
upgraded TINA will be well-suited for future transfer
studies at OEDO. TINA is also compact enough to be
coupled with 4π γ-ray detector arrays.
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Fig. 2. Kinematics plot of light recoiling particles obtained

with a 12C beam on a deuterated target.
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Fig. 3. PID plot for light reaction products obtained in the

OEDO Day 0 experiment.
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