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Ion-beam-profile monitor using MCP at the SCRIT electron scattering
facility

T. Ohnishi,∗1 S. Ichikawa,∗1 and M. Wakasugi∗1,∗2

At the SCRIT electron scattering facility,1) ion-beam-
profile monitors2) are installed in the ion-beam trans-
port line for injecting low-energy (∼10 keV) ions into the
SCRIT device.1) They are composed of a meshed Fara-
day cup, a CsI(Tl) scintillator, an optical prism, and a
network-based CCD camera. Using these monitors, ion-
beam tuning is performed in real time. However, it is
difficult to apply them to a low-rate ion beam, such as a
continuous beam with 107 ions/s or a pulsed beam with
106 ions/pulse, because the number of produced photons
is considerably less than the expected value calculated
using the conversion factor, 2 × 104 photons/MeV. One
of the reasons for this suppression is that the low-energy
ions stop near the surface of a CsI(Tl) scintillator and the
number of involved CsI molecules is insufficient. Thus,
a new ion-beam-profile monitor is required for real-time
beam tuning with low-energy RI beams. This year, we
tested a new monitor using a micro channel plate (MCP)
and report out first results in this paper.

Figure 1 presents a schematic view and photograph of
an ion-beam-profile monitor using an MCP. This monitor
consists of two MCPs equipped with a phosphor screen
(HAMAMATSU F2806 with P46), an optical prism,
and a network-based CCD camera (Basler scA640-70gc).
The horizontal and vertical dimensions of the effective
area of the MCP are 45 mm and 35 mm, respectively. A
collimator, which has a 28-mm diameter hole, is installed
in front of the optical prism to define the effective detec-
tion area because the effective area of the MCP is larger
than the entrance size of the optical prism, 30 mm2. In
the present setting, ion beams are directly observed with
MCPs. The applied voltages of MCP-in, MCP-out, and
Phos-in, which are electrodes shown in Fig. 1, are 0, 2,
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Fig. 1. Schematic view and photograph of the ion-beam-
profile monitor. MCP-IN, MCP-OUT, and Phos-in rep-
resent electrodes of the monitor.

∗1 RIKEN Nishina Center
∗2 ICR, Kyoto University

Fig. 2. Beam profile of 1 pulse with a 104 ions/pulse beam.
Left figure is the image of the beam profile and right figure
is its digital number distribution.

and 6 kV, respectively. The extracted electron cloud re-
sulting from the beam encountering the MCP surface is
converted to photons in the phosphor screen, which are
transported to the CCD camera through the collimator
and the optical prism. The exposure time of the CCD
camera is set to 500 µs. Data from the CCD camera
are monitored through a network in real time. With a
pulsed beam, the trigger of the CCD camera is synchro-
nized with the injection timing.

The commissioning of the new ion-beam-profile moni-
tor was performed using a 138Ba-ion beam of 6 keV. Fig-
ure 2 shows the measured beam profile of only 1 pulse
using a 1-Hz pulsed beam with 104 ions/pulse. The num-
ber of ions with a low-intensity pulsed beam was esti-
mated with the current of a continuous beam, 13 pA,
measured at the Faraday cup installed in front of the
ion-beam-profile monitor. Calibration was performed us-
ing a 0.3-nA continuous beam and a pulsed beam with
5×105 ions/pulse. Figure 2 shows an image of the beam
profile (left) and its digital number distribution (right).
More detailed analysis is being performed to estimate
the number of injected ions using only the digital num-
ber distribution.

We tested the new ion-beam-profile monitor using an
MCP with a low-intensity pulsed ion beam. The beam
profile of a low-intensity pulsed ion beam was success-
fully measured in real time. In the case of RI beams us-
ing the present monitor, electrons corresponding to the
decay of the RIs can cause background events. To avoid
this problem, a thin foil is installed in front of the MCPs
to stop RI beams, and electrons produced during the de-
cay of RIs are used as an MCP signal. Next year, we
will test a new setup using RI beams and evaluate its
applicability considering the efficiency and position res-
olution.
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Extraction test of stopped Bi isotopes in PALIS gas cell

T. Sonoda,∗1 I. Katayama,∗1 M. Wada,∗2 H. Ishiyama,∗1 V. Sonnenschein,∗3 H. Tomita,∗3 R. Terabayashi,∗3
K. Hattori,∗3 H. Iimura,∗4 S. Iimura,∗1 T. M. Kojima,∗1 M. Rosenbusch,∗2 A. Takamine,∗1 N. Fukuda,∗1
T. Kubo,∗1 S. Nishimura,∗1 Y. Shimizu,∗1 T. Sumikama,∗1 H. Suzuki,∗1 H. Takeda,∗1 M. Tanigaki,∗5 and

K. Yoshida∗1

We are developing a scheme of parasitic low-energy
RI-beam production (PALIS)1) in the second focal
chamber (F2) of BigRIPS to effectively use rare iso-
topes and to perform comprehensive measurements of
the physical properties of exotic nuclei.

In our previous experiment,2) we confirmed the feasi-
bility of a new gas-cell geometry that separates high- and
low-radiation areas with a long gas tube. The current
setup for the PALIS on-line examination evaluates RI ex-
traction by detecting alpha rays via alpha-emitter decay,
which results in enhanced sensitivity because of the ex-
tremely low background environment. While the alpha-
emitter element should be available on resonant laser
ionization in an off-line or on-line experiment. There-
fore, we chose a bismuth (191Bi) beam that can be pro-
duced by projectile fragmentation via a uranium beam
and beryllium target. In a 12 hours online PALIS ex-
periment, we focused on two objectives: 1) identify the
stopped Bi isotope and 2) extract the stopped Bi isotope
from the gas cell.

To achieve the first objective, we observed alpha rays
created via decays from the alpha emitters that were
stopped in the ∆E solid-state detector (SSD) placed
in front of the gas cell by adjusting the energy de-
grader, as shown in Fig. 1. As the energy resolu-
tion was considerably low because of the high electri-
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Fig. 1. Alpha spectrum observed using a ∆E Solid-state de-
tector (SSD) placed in front of the gas cell. The inset
shows the alpha counts versus time in the beam-off pe-
riod in the energy range of 6.1–6.6 MeV in the alpha
spectrum.
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Fig. 2. Alpha spectrum observed using a silicon PIN diode
placed after the gas-cell exit.

cal background at F2, isotope identification by alpha
energy (Eα) was impossible from this energy spectrum.
However, we obtained other information from the tim-
ing chart by using a pulsed BigRIPS beam. The half-
lives extrapolated by decay fitting to individual timing
charts for specific energy ranges were 42.12± 4.66 s (5.4–
6.1 MeV), 11.87± 0.73 s (6.1–6.6 MeV) and 7.7± 0.3 s
(6.6–7.5 MeV). The tentative isotope candidates for
these half-lives are 192Bi (T1/2 = 39.6 s,Eα = 6060 keV),
191Bi (T1/2 = 12.4 s,Eα = 6309 keV), and 190Bi (T1/2 =
6.4 s,Eα = 6456 keV).

To achieve the second objective, we performed an
extraction test of RIs that were stopped in argon gas
(50 kPa) and transported to the gas-cell exit via a long
gas tube by simple gas flow to finally impinge on a silicon
PIN diode detector located after the gas-cell exit hole.
We confirmed the extracted RIs from alpha spectra ob-
served using the silicon PIN diode, as shown in Fig. 2.
These extracted RIs included species of all charge states
such as neutral and positive/negative ions. By com-
parison with the total number of alpha counts detected
at the ∆E SSD, normalizing primary beam intensity,
and considering the solid angle of the detector, we pre-
liminarily evaluated the extraction efficiency as approx-
imately 1%.

The extraction of stopped RIs out of the gas cell was
confirmed. In the next beam time, we will apply laser
ionization for producing low-energy RI beam.
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