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The activation of the He gas stripper setup caused by a 
uranium beam was evaluated. There are several types of gas 
and solid stripper setup in RIBF, and a stripper setup is 
selected for the beam nuclide, such as uranium, xenon, and 
calcium. The He gas stripper setup has been developed for 
uranium beam acceleration at RIBF. 1) The stripper setups 
are often exchanged with other types to change the beam 
nuclide of the RIBF accelerator. The radiation exposure 
caused by the residual dose during the exchange and 
maintenance works is  a serious issue. Thus, evaluating the 
residual dose and studying the origin of the dose are 
important to improve future setups. This evaluation is also 
applicable for the shielding design of future facilities.  

In this study, the activation method was applied for the 
He gas stripper irradiated by a uranium beam. During the 
machine operation in the autumn of 2014, the samples were 
placed both inside and outside the stripper chamber. After 
uranium beam irradiation, the  rays emitted from the 
samples were measured using a Ge detector. 

The energy of the uranium beam on the stripper was 
10.75 A MeV and the beam intensity in operation was 1200 
particle nA. The beam irradiated for one month. The He gas 
pressure was 7 kPa, and the gas thickness was 
approximately 50 cm which corresponds to 0.7 mg/cm2.
The sample materials were aluminum and bismuth. The 
aluminum sample is made of the same material as the gas 
stripper chamber. Bismuth is a useful element for neutron 
measurement. Radioactive isotopes of bismuth are 
generated by neutron irradiation, and the generated isotope 
nuclides depend on the neutron energy because of the 
threshold energy of the reactions, as listed in table 1. 

Some of the aluminum samples were set in the gas 
stripper chamber where the He gas pressure was highest. 
The distance between the nearest sample and the uranium 
beam was 47.25 mm. The samples placed inside the stripper 
chamber were hit by the nuclei of the fission products of the 
uranium beam. The other aluminum samples set outside the 
striper chamber are sensitive to the neutron only because 
the fission products stop in the chamber wall and do not 
reach outside. Thus, the aluminum samples are the 
benchmark of the neutron activation of aluminum chamber 
itself. The bismuth samples are set with the aluminum 
samples outside the chamber to obtain the neutron energy 
on the aluminum samples. 

Figure 1 shows the measured -ray spectrum obtained 
from the aluminum sample set inside the chamber after 
cooling for 13.5 days. Table 2 lists the identified nuclides 
with short half lives. Typical nuclides of the fission 
products from the 238U beam were observed.  ray peaks 
from long-lived nuclides were not observed yet in the 
spectrum owing to the high background  rays from the  
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short-lived nuclides. -ray peaks of aluminum itself, such as 
24Na with a 15 hour half life, were not found. 

Table 1 lists the observed bismuth isotopes in the natural 
209Bi samples that were set outside the stripper chamber. 
The result suggests that the energy of irradiated neutrons on 
the bismuth samples was up to 22.55 MeV, since  rays 
from the 205Bi nucleus, which have a threshold energy of 
28.6 MeV, were not detected.  

After cooling the samples for a long time and background 
levels become low,  rays from the long-lived nuclides will 
be detected. The result will be compared with a Monte 
Carlo simulation result to evaluate radiation issues in the 
future. 

Table 1. Threshold of neutron energy corresponding to the 
production of radioactive bismuth isotopes observed in this 
study. 
Nuclide Half life Reaction Threshold 
207Bi 31.6 year 209Bi(n,3n)207Bi 14.12 
206Bi 6.4 day 209Bi(n,4n)206Bi 22.55 

Table 2. Typical radioactive nuclei observed in the 
aluminum sample inside the stripper chamber.  
Nuclide Half life Nuclide Half life 
95Zr 64 day 136Cs 13 day 
95Nb 35 day 140Ba 13 day 
99Mo  2.8 day  140La 1.7 day 
99mTc 6.0 hour 141Ce 32.6 day 
103Ru 39 day 147Nd 11 day 
131I 8.0 day   
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Fig. 1. Typical  ray spectrum of the Al sample set in the 
gas stripper chamber. Many energy peaks caused by 
radioactive isotopes generated from the fission of 238U
were observed. 
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Beam preparation for fee-based utilization of a 70-MeV/A Kr-beam

T. Kambara∗1 and A. Yoshida∗1

In October 2014, RIKEN provided a 70 MeV/A
Kr beam from the RIKEN Ring Cyclotron (RRC) to
private companies as the first fee-based utilization.1)

Since the customers required irradiations in an atmo-
sphere with a uniform flux distribution over a large
area and specified linear energy transfer (LET), we de-
veloped the following system at the E5A beam line and
successfully delivered desired beams to the customers.

The uniform beam-flux distribution was achieved
with wobbler magnets and a scatterer foil. A pair
of 60-Hz wobbler magnets deflected the beam from
the RRC vertically and horizontally so that the beam
center traced a circle. At about 68 cm downstream,
the beam passed through a scatterer (48-µm thick Au
foil), where multiple scattering brought about a lateral
velocity distribution. At about 392 cm downstream
from the scatterer, the beam passed to the atmosphere
through an 8-cm diameter and 75-µm thick polyimide
(Kapton) vacuum-separation window.

In the atmosphere part of the beam path, we used
an energy degrader and several detectors to control the
LET and measure the beam characteristics. Figure 1
shows the configuration. After the window, there were
an ionization chamber (IC: Applied Engineering Inc.,
AE-1341S) and a 0.5-mm thick plastic scintillator for
measuring the total beam intensity. The IC had a 5-
cm diameter window that determined the beam size
downstream. An adjustable energy degrader (Wood-
Bell Co. Ltd.) followed to control the LET, where the
beam energy was adjusted by inserting up to eight Al
foils with 8-cm diameter and thicknesses of 12.8, 23.8,
48.6, 100.2, 100.8, 196.4, 486.0, and 975.4 µm. We can
insert any combination of the foils by using a remote-
control pneumatic system to set the LET almost con-
tinuously. After the degrader, two sets of ∆E + E
Si-detector stacks were mounted on a motor-driven lin-
ear slider; the detectors can be not only placed at the
center of the beam path but also horizontally moved
across the beam for measuring the beam-flux distribu-
tion. The customer samples were placed at about 10
cm downstream from the Si detectors.

Beam scanning with the Si detectors revealed that
the beam flux was uniform within ±1.8 % over a di-
ameter of about 35 mm. Another measurement with a
GAFCHROMIC-film irradiation showed that the local
deviation of the dose was within ±5 %.

For the beam-intensity measurements, the scintil-
lator counted the ions from nearly-zero intensity to
about 2.5 × 105 ions/s and the IC was available from
400 to 2.5 × 106 ions/s.

We adjusted and verified the LET at the sample in
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Fig. 1. Setup of Kr-beam irradiation after the window.

the following way: Increasing the thicknesses of the de-
grader foils, we measured the beam energy by using the
Si detectors until the beam was totally stopped. Then
we compared the thickness-energy relation to SRIM
calculations2) and obtained the stopping power in the
sample as a function of the degrader thickness, with
a correction for the energy loss in the atmosphere be-
tween the Si detector and the sample. We considered
the stopping power as the LET.

Figure 2 shows the relation between the LETs of
40Ar, 84Kr, and 132Xe ions at the surface of Si and
their ranges in the material. The 70-MeV/A 84Kr
beam from the RRC has the maximum energy of 43
MeV/A at the irradiation position, which corresponds
to an LET between 13.2 and 40.9 MeV/(mg/cm2); the
solid line in Fig. 2 indicates this region. In addi-
tion, if we use 95-MeV/A 40Ar and 26-MeV/A 132Xe
beams accelerated by the RRC, an LET from 2.3 to 69
MeV/(mg/cm2) is available at the same beam line.

Fig. 2. LETs of 40Ar, 84Kr, and 132Xe ions at the surface

of Si as functions of their ranges. The solid lines corre-

spond to the ions accelerated by the RRC and extracted

to the atmosphere.
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