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PREFACE 

This annual report covers research conducted at the Tandem Accelerator Complex(TAC), 

Research Facility Center for Science and Technology, University of Tsukuba, during fiscal 

year(FY) 2014 (April 1, 2014–March 31, 2015). After the Great East Japan Earthquake on 

March 11, 2011, research has been limited to that using the 1 MV Tandetron accelerator and 

radiation source experiments, 57Co Mössbauer spectroscopy, and positron annihilation 

spectroscopy. According to our original plan, we would have finished reconstruction by the end 

of FY2014, and a new 6 MV accelerator would have started operation. However, since we 

needed to finish the removal procedure at first, the reconstruction of the main accelerator was 

postponed.  The circumstances of our research has therefore still not changed much from the 

last fiscal year. Thus, this volume has slightly fewer pages as compared to older volumes like 

the one for last year. 

A new 6 MV tandem-type accelerator with support from the government arrived in  

mid-March 2014 at the TAC from the National Electrostatics Corporation in Middleton, 

Wisconsin, USA. We are hoping for future research activities after the removal of the old 

accelerator. 

The efforts of the Open Advanced Facilities Initiative supported by Ministry of Education, 

Culture, Sports, Science and Technology (MEXT) were continued in this term. The government 

assisted additional facilities related to this program with an extra budget. With this support, 

accelerated performance in this program was achieved. We are very much looking forward to 

operating and reporting on the new 6 MV accelerator. 

Editors 
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1. 

ACCELERATOR AND FACILITIES 



 



1.1 Accelerator operation 2014 

K. Sasa, S. Ishii, H. Kimura, H. Oshima, Y. Tajima, T. Takahashi, Y. Yamato, 

D. Sekiba, T. Moriguchi, E. Kita 

The University of Tsukuba Tandem Accelerator Complex (UTTAC) is a major center of ion beam 

research in Japan. We have operated and maintained the 1 MV Tandetron accelerator, the 1 MV 

high-resolution Rutherford back scattering (RBS) system and the radio-isotope utilization equipment. At 

present, the 6 MV Pelletron tandem accelerator system has been designed and constructed at the university 

as part of the post-quake reconstruction project.  

The total service time of the UTTAC multi-tandem accelerator facility was 2,512 hours in the fiscal 

year 2014. 816 hours for accelerators and 54 days for the radio-isotope utilization equipment were used 

under the project "Promotion of Advanced R&D Facility Utilization", which was supported financially by 

the Ministry of Education, Culture, Sports, Science and Technology (MEXT) of JAPAN. In the project, a 

total of 17 research programs were conducted in 2014.  

1 MV Tandetron accelerator 

The operating time and the experimental beam time of the 1 MV Tandetron accelerator were 671.4 

and 228.1 hours, respectively, during the total service time in 2014. A total of 50 research programs were 

carried out and a total of 499 researchers used the 1 MV Tandetron accelerator. Figure 1 shows the 

percentage of accelerated ions for the 1 MV Tandetron accelerator. Figure 2 shows the percentage of 

research fields for the 1 MV Tandetron accelerator in 2014.  

6 MV Pelletron tandem accelerator 

We planned to install the new horizontal-type 6 MV Pelletron tandem accelerator in the experimental 

room on the first floor to replace the damaged 12UD Pelletron tandem accelerator by the Great East Japan 

Earthquake of 11 March 2011 [1]. A three-year plan for the new accelerator’s construction was started in 

2012. The 6 MV Pelletron tandem accelerator will be used for various ion-beam research projects, such as 

Fig. 1. Percentage of accelerated ions for the 

1 MV Tandetron accelerator in 2014. 

Fig. 2. Percentage of research fields for 

the 1 MV Tandetron accelerator in 2014. 
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AMS, microbeam applications, particle-induced X-ray emission (PIXE) analysis for geoscience and 

materials research, heavy ion RBS and elastic recoil detection analysis, nuclear reaction analysis for 

hydrogen in materials, and high-energy ion irradiation for semiconductor and nuclear physics. All 

experimental equipment is installed on the first floor at UTTAC. Only rooms for control and data analysis 

are on the second floor. Figure 3 gives an overview of the equipment on the first floor. The new 

accelerator system consists of the 6 MV Pelletron tandem accelerator, four new ion sources, the 

Lamb-shift polarized ion source (S1 in Fig. 3), and five new beam courses. After the 105° analyzer magnet, 

the beam line is separated in two directions by the 40° switching magnet in the accelerator room. A 

high-energy beam transport line equipped with a vertical ion-irradiation system is connected from the 

accelerator room to the existing experimental room, which houses seven beam courses. A total of 12 beam 

courses will be available for nuclear physics, ion beam applications, and AMS. 

The Lamb-shift polarized ion source was used as the injector of polarized proton and deuteron beams to 

the old tandem accelerator on the 9th floor at UTTAC [2]. After the earthquake, this ion source was moved 

to a new experimental building outside the accelerator building. In the accelerator room, there are four 

negative-ion sources. In Fig. 3, S2 is a high-current Cs-sputtering negative-ion source (SNICS II), and S3 

is a radio frequency charge exchange ion source (Alphatros) to produce He− beams for injection into the 6 

MV Pelletron tandem accelerator. S4 and S5 are the multi-cathode Cs-sputtering negative-ion sources 

(MC-SNICSs) for AMS. 

In the accelerator room, the ion beam analysis (IBA) system equipped with a high-precision five-axis 

goniometer is located on the L1 beam course. The L2 beam course has a large environmental testing 

chamber (1 m diameter) that will be mainly used for the radiation-tolerance testing of semiconductor 

devices for space satellites. The L3 beam course is constructed as follows: the Oxford microbeams 

quadrupole lens system [3] is used to obtain spot diameters of the order of 1 μm and below, and a 

superconducting detector [4] is used for high-sensitivity PIXE analysis. The L4 beam course is the 

rare-particle detection system for AMS. The L5 beam course is a general-purpose line for ion beam 

applications. In the experimental room, there are two large magnetic spectrographs (A6 and A7 beam 

courses) for nuclear physics. Other beam lines are used for ion beam channeling (A2 beam course), 3D 

fabrications with swift heavy ions (A3 beam course), and hydrogen analysis (A4 beam course). There is 

also a large general-purpose chamber (A5 beam course). 

The 6 MV Pelletron tandem accelerator was installed in the spring of 2014 at the University of Tsukuba. 

Routine beam delivery and experiments will start in 2015. 

 

References 

[1] K. Sasa, Proceedings of HIAT 2012, Joint Accelerator Conferences Website (2012) 80–82. 

[2] Y. Tagishi, J. Sanada, Nucl. Instr. Meth 164 (1979) 411–413. 

[3] G. W. Grime, F. Watt, Nucl. Instr. Meth B 30 (1988) 227–234. 

[4] M. Ohkubo, S. Shiki, M. Ukibe, N. Matsubayashi, Y. Kitajima, S. Nagamachi, Scientific Reports 2 

(2012) article number:831. 
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Fig. 3. Overall view of the first floor at UTTAC. The 6 MV Pelletron tandem accelerator and its beam 

lines, the 1 MV Tandetron accelerator, and a positron-annihilation spectrometry system are set up on the 

first floor. 

Fig. 4. Photograph of the 6 MV Pelletron tandem accelerator under construction in the accelerator room. 
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NUCLEAR PHYSICS 

 



 



1.2 Performance prediction of the new Tsukuba AMS system 

 

K. Sasa, T. Takahashi, M. Matsumura, T. Matsunaka, Y. Satou, D. Izumi, K. Sueki 

 

Fig. 1 details the Tsukuba 6 MV AMS system [1]. It has two Cs sputtering negative ion sources for 

AMS: a 40-sample MC-SNICS for the routine measurement of all nuclides and a hybrid source with a 

39-sample MC-SNICS equipped with a CO2 gas introduction system [2] manufactured by NEC with either 

graphite or CO2 samples. It is expected to achieve ultra-small-scale 14C AMS measurements of 10 μg C. At 

the low-energy side, the injection energy from the ion sources is 65 keV. The 90° high-mass-resolution 

double-focusing magnetic analyzer with a 457 mm radius has a mass energy product of ME/Z2 = 15 amu 

MeV. A 15 kV pulsed power supply is provided to bias the 90° magnetic analyzer chamber for the 

sequential injection of up to four different beams with a maximum mass difference of 17%. The main 

accelerator (model 18SDH-2 Pelletron, NEC) has a long gas stripper tube assembly and a foil changer 

with 80 foil holders for equilibrium stripping ions. Carbon stripper foils will be mainly used for 36Cl AMS 

to obtain chlorine ions in a high charge state. The stripper gas canal is about 10 mm in diameter and 95 cm 

long. The rare-particle detection system is set on the −20° port on the switching magnet. A 22.5° ESA 

(3.81 m radius) is provided to filter out unwanted ions whose mass energy product (ME/Z2) is the same as 

the rare isotope of interest. Only ions with the correct energy-to-charge-state ratios (E/Z) will pass through 

the ESA, which has a resolution of E/ΔE = 200. A five-electrode gas ionization detector is installed on the 

end station of the rare-particle detection system, which is similar in design to the gas ionization detector 

on the AMS system of the SUERC [3].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Details of the Tsukuba 6 MV AMS system. 

 

The Tsukuba 6 MV AMS system is expected to measure all standard AMS species routinely. We 

simulated AMS performance by using the Particle and Heavy Ion Transport Code System (PHITS) [4]. Fig. 

5 m

105°analyzer 
magnet
R = 1.27 m

90°analyzer 
magnet
R = 1.27 m

40°switching 
magnet

HE:
ME/Z2 = 176 amu MeV

Offset-FCs

2nd stripper foil

6 MV Pelletron tandem accelerator

−20°

CO2 gas type
MC-SNICS

MC-SNICSAlphatros

SNICS

LE:
ME/Z2 = 15 amu MeV

Three 90° rotational 
Electrostatics Spherical 
Analyzers  (ESAs)

22.5°ESA
R = 3.81 m

Gas ionization detector
(5 anodes type) 

Rare-particle detection line

90°sequential
injection magnet

55°bending 
magnet

Triplet 
Q-magnet

Triplet 
Q-magnet

Triplet
Q-magnetSwitching 

magnet

Triplet
Q-magnet

Electrostatics-Q

Einzel lens

Terminal with gas and foil stripper

SF6 gas
handling system

AMS injection

Offset-FCs Beam 
attenuator

4



2 shows sample two-dimensional spectra of 36Cl in the gas ionization detector simulated by PHITS. The 

simulation showed that 36Cl7+ with an energy of 46.8 MeV is injected into the gas ionization detector. If 

the entrance window of the gas ionization detector is 150-nm-thick Si3N4 foil, the optimal propane gas 

pressure is estimated to be 42 Torr. The simulation uses 36Cl : 36S = 10,000 : 10,000,000 as the incident 

particles in the gas ionization detector. The 36Cl was clearly separated from the 36S in the gas ionization 

detector by the Tsukuba 6 MV AMS system. Table 1 lists the AMS performance of the 6 MV Tsukuba 

system estimated from PHITS simulations and primary beam tests. The new system will start routine 

multi-nuclide AMS measurements of 10Be, 14C, 26Al, 36Cl, 41Ca, and 129I in 2015. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Two-dimensional spectra of 36Cl AMS in the rare-particle detection system simulated by the PHITS. 

Partial energy loss in the first anode along the ion path is indicated on the horizontal axis (ΔE1), and a total 

residual energy signal from the fifth electrode, a cathode, is shown on the vertical axis (ΔERes).  

 

Table 1 AMS performance estimated from PHITS simulations and primary beam tests. 

 

References 

[1] K. Sasa et al., Nucl. Instr. Meth. B (2015) in press. doi:10.1016/j.nimb.2015.04.028.  

[2] S. Xu et al., Radiocarbon 46 (2004) 59–64. 

[3] C. Maden et al., Nucl. Instr. Meth. B 259 (2007) 131–139. 

[4] T. Sato et al., J. Nucl. Sci. Technol. 50 (2013) 913–923. 
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 Terminal voltage (MV)  4.5  4.5  4.3  6  5  3.5 
 Transmission (%) 20 55 20 20 5 8 
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Deposited Energy in Plate 1: ΔE1 [MeV]

D
ep

os
it

ed
 E

ne
rg

y 
in

 P
la

te
 5

 : 
ΔE

R
es

[M
eV

]

36Cl7+: 46.8 MeV (1.3 MeV/u)

36Cl

36S

5



1.3 Reconstruction of the Lamb-shift polarized ion source 
 

T. Moriguchi, Y. Yamato, Y. Tagishi, T. Takahashi, S. Ishii, Y. Tajima, D. Sekiba, A. Ozawa 

 

A polarized ion beam is an effective tool for measuring physical quantities such as analyzing power 

and nuclear magnetic moment. The Lamb-shift polarized ion source (PIS) was installed at UTTAC in 1976 

for experimental nuclear physics [1]. The PIS of this type makes it possible to produce highly polarized 

negative proton and deuteron beams. The PIS, which was located at the 9th floor of the main building, was 

used as one of the ion sources for the 12UD Pelletron tandem accelerator. However, the PIS was damaged 

seriously by the Great East Japan Earthquake on 11 March 2011. A part of the damage of the PIS is 

reported in Ref. [2]. 

After the disaster, the reconstruction of the PIS was decided to use as the ion source for the newly 

designed 6 MV tandem accelerator. The new building for the PIS was constructed at the west-side of the 

accelerator room [3]. Since main components of the PIS such as a duoplasmatron chamber, a spin filter, an 

argon gas cell, an electrostatic steerer and a Wien filter were reusable, they were moved from the 9th floor 

of the main building to the new one, and then were reconstructed. Other components and parts of the PIS 

except for the reusable ones were basically replaced to new ones. Until March 2015, almost all of the 

reconstruction of the PIS has been completed, as shown in Fig. 1. Fig. 2 shows the present layout of the 

PIS. New scroll pumps and turbo molecular pumps (magnetic floating type) are used as the present 

vacuum system. With this vacuum system, the beam line of the PIS is maintained at a vacuum of ~ 10-8 

Torr. Acceleration tubes, quadrupole magnets and some beam ducts were newly produced and were 

installed as the beam transport line of the PIS. Gate valves broken by the earthquake were overhauled for 

reusing. Many new power supplies for operating the PIS are placed on the high voltage insulation stage. 

This stage was designed originally for the PIS. Most devices on this stage are controlled through optical 

fibers. For instance, the FAst Spin State Interchange Control System (FASSICS), which was designed 

newly, is connected to the PIS through optical fibers. This device makes it possible not only to switch a 

spin state, but also to decide whether or not a beam is polarized. As shown in Fig. 2, a beam produced by 

the PIS is bent 90° by an electrostatic analyzer (ESA) and transported to the accelerator room through 

outside of the building. 

 

 

 

 

 

 

 

 

Fig. 1. Pictures of the PIS after the reconstruction. 
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We are presently preparing the control system using EPICS for the PIS. After that, we will perform 

beam tests (intensity, polarization, transmission and so on), and then measure magnetic moment of 

unstable nuclei with a polarized beam produced by the PIS. 

 

References 

[1] Y. Tagishi et al., UTTAC Annual Report 1976 (1977) 12. 

[2] K. Sasa et al., UTTAC Annual Report 2010 (2011) 1. 

[3] K. Sasa et al., UTTAC Annual Report 2012 (2013) 3. 

Fig. 2. Present layout of the PIS. The PIS is mainly composed of a duoplasmatron (DP), a spin filter 

(SF), an argon gas cell (Ar), an electrostatic steerer (ESS) and a Wien filter (WF). A beam produced by 

the PIS is transported to the accelerator room (the right-hand side) through outside of the building. 
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2.1 Measurements of nuclear moments for unstable nuclei at RCNP

Y. Ishibashi, D. Nagae, Y. Abe, Y. Ichikawa, T. Moriguchi, A. Ozawa, K. Sawahata, H. Ueno1

The β -ray detected nuclear magnetic resonance (β -NMR) method [1] is an efficient method to measure

the nuclear magnetic (µ) moment of unstable nuclei. The absolute values of µ moments are measured

for various nuclei by β -NMR. However, the signs of µ moments are rarely measured experimentally.

Therefore, to determine the sign of µ moment, applying a rotating RF is necessary. The rotating RF

system has been developped [2,3] to determine the sign of µ moment by β -NMR. In the past, the rotating

magnetic field was obtained using two Helmholtz-like coils with axes crossed at right angles, and the

experimental apparatus is shown in Reference [3]. In the present work, the rotating magnetic field was

controlled by changing the internal phase of a function generator (see Fig. 1) without cable delay. Thereby,

without changing the resonance condition of the tank circuit, it was possible to change the phase.

Attenuator

Tank circuit (90 deg.)

Tank circuit (0 deg.)

Static
magnetic field

Spin polarized
beam

Amp

Variable
capacitor

Ferrite core

RF2
RF1

F.G.

ch1

ch2

Magnet pole

β-ray counter
telescope

CaF2 stopper

RF coil

Spin polarized
beam

Static
magnetic 
field

Fig. 1. Block diagram of the RF system for rotating magnetic field and a schematic layout of the β -NMR
setup.

In this work, a performance of the system was studied with spin-polarized 20F (Iπ = 2+, T1/2 = 11.163

s, µ(20F) = +2.09335(9) µN) nuclei at the Research Center for Nuclear Physics, Osaka University. A spin-

polarized 20F was produced in the 19F(−→d , p)20F reaction. In this reaction the polarization of the beam

particles is transferred to each nucleus. The −→
d beam was produced by a polarized ion source [4], and

was accelerated up to E/A = 5 MeV by the AVF cyclotron. The polarized beam was impinged on a CaF2

crystal (12 mm × 12 mm × 1 mmt) to produce the polarized 20F. The crystal was placed at the center of

the β -NMR apparatus, at room temperature with a static magnetic field B0 = 350 mT applied.

The β -rays emitted from 20F nuclei were detected with three plastic scintillator telescopes located

above and below the crystal. The up/down ratio R of the β -ray counts is written as R0 ≈ a(1+Aβ P)/(1−
Aβ P), where a denotes a constant factor representing asymmetries in the counter solid angles and efficien-

1RIKEN Nishina Center
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cies, Aβ and P denote the β -ray asymmetry parameter and the degree of spin-polarization. A rotating RF

perpendicular to the B0 is applied to 20F by using the two pairs of coils. If the frequency and the direc-

tion of the rotating RF correspond to the resonant one, the direction of the spin-polarization is inverted

(P → −P) by the NMR. Thus, the up/down ratio is changed as R ≈ a(1−Aβ P)/(1+Aβ P). When the

polarization is altered due to the resonant spin change, a change appears in the ratio R0/R. The β -ray

asymmetry Aβ P is written by, Aβ P = (
√
(R0/R)−1)/(

√
(R0/R)+1).

Typical time spectrum for the β -rays is shown in Fig. 2. The obtained purity of 20F was nearly 100%.

In this experiment, we firstly measured µ moment by β -NMR applying the linear RF using tank circuit

(0 deg.). Then, we measured the µ moment using a tank circuit (90 deg). The obtained µ moments were

consistent with reported values [5]. Finally, we tried to measure the sign of µ(20F), applying rotating RF.

Analysis of the results is in progress.
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Fig. 2. Typical time spectrum of 20F.

References

[1] K. Sugimoto, et al., J. Phys. Soc. Jpn. 21 (1966) 213.

[2] T. Niwa et al., UTTAC 81 (2012) 5.

[3] D. Nagae et al., Hype. Int., 220 (2013) 65.

[4] K. Hatanaka et al., Nucl. Instr. Meth., 217 (1983) 397.

[5] N.J. Stone, At. Data Nucl. Data Tables 90 (2005) 75.
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2.2 Beam irradiation test of Havar foil and Pt target for KISS experiment 
 

M. Mukai, Y. Hirayama1, N. Ishiyama1, S.C. Jeong1, H. Miyatake1, M. Oyaizu1, Y.X. Watanabe1, A. 
Ozawa 

 

KEK RNB group has developed KEK Isotope Separation System (KISS) [1] to measure the 

neutron-rich short-lived nuclei related to the astronucleosynthesis. In the KISS project, the gas cell filled 

with argon gas of 50 kPa is used to stop the target like fragments produced by multi-nucleon transfer 

reaction of 198Pt target (6 mg/cm2 in thickness) and 136Xe19+ beam (E/A = 10.75 MeV, beam size 10 mm in 

diameter). Extraction efficiency of KISS has achieved about 0.15% with 124Xe beam of 10 pnA so far. To 

perform the lifetime measurement of 200W with such extraction efficiency, the beam of 100 pnA is required. 

Such a high beam current may damage the Havar foil (gas cell window) and the 198Pt target. We need to 

study the limitation of beam intensity as the foils are not broken. We performed beam irradiation test of 

the Havar foil (3.6 μm in thickness) and the platinum target (1.2 μm in thickness) using 1H+ beam of 1.92 

MeV from 1 MV tandetron. Beam current was from 20 pnA to 2 pμA and beam spot size was 2 mm in 

diameter. Energy losses [W/m2] of the proton beam in the tested Havar and platinum foils correspond to 

those of the 136Xe19+ beam intensities of from 1 pnA to 100 pnA in the Havar foil (3.6 μm in thickness) and 

from 0.49 pnA to 49 pnA in the 198Pt target (6 mg/cm2 in thickness). 

Experiment was performed using the C-course chamber. To monitor the change of the target 

thickness, energy of back scattered proton was measured using SSD. SSD was masked with an aperture of 

1 mm in diameter and placed at 15 cm away from the 

target surface and at the angle of about 160 degree 

from the beam axis. Temperature of target was 

measured using a radiation thermometer.  

Beam irradiation time was one hour with 

maximum beam current of 1.9 pμA and 2 pμA for the 

Havar foil and the platinum foil, respectively. Width of 

the energy distribution of the back scattered proton 

(Fig. 1) was not changed during the experiment in both 

targets. It means that target thickness of both targets 

was not changed. Red gleam from the target surface 

was observed when the proton beam with the current of 

higher than 1 pμA was irradiated to both targets. Target 

temperature of 1223 K in the Havar foil and less than 

973 K in the platinum target were measured with 

maximum beam current. In the Havar foil, a burn mark 

was observed over the beam spot. However, these 

                                                      
1 Institute of Particle and Nuclear Studies, High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, 
Japan 

Fig. 1. Measured energy distribution of the 

back scattered proton from the Havar foil 

with beam current of 1.9 pμA. Energy 

distribution below 1300 keV originated from 

the back scattered protons around a beam 

duct downstream of the target and a beam 

collimator upstream the target. 

10



measured temperatures are several hundred kelvin lower than the melting points of both materials. It 

implies that Xe beam with 100 pnA can be available at the KISS on-line experiment.  
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[1] S.C. Jeong et al., KEK Report 2010-2(2010). 
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2.3 Production of unstable nuclei via resonant proton-capture reactions 
 

A. Ozawa, Y. Ichikawa, T. Moriguchi, K. Sawahata 

 

The proton-capture reactions have been investigated for long time for various stable nuclei and by the 

various energy range. The motivations for the investigation are based on astrophysical interests and search 

for excited states of produced nuclei. Among the proton-capture reactions, resonant proton-capture 

reactions are very interesting since the reaction rate is very large and the reaction occurs even in low 

energy (Ep < 500 keV). Since the energy widths of resonant proton-capture reactions are very narrow, they 

are also applied to calibrate ‘absolute’ acceleration energy in accelerators. In the point of production of 

unstable nuclei, the resonant proton-capture reactions are attractive. In the UTTAC, there is Lamb-shift 

type polarized ion source, where polarized proton beams are available. If the polarized proton beams are 

captured, reaction products will be highly polarized. If the products are unstable nuclei, we may obtain 

highly polarized unstable nuclei. If we obtain the polarized unstable nuclei, we may be able to measure 

nuclear moments for these nuclei by using β-NMR method. 

Among the resonant proton-capture reactions, specially, following reactions are interesting:  
24Mg(p,γ)25Al(I=5/2+, T1/2=7.1 s) Ep=419 keV Eγ=2.674 MeV 
29Si(p,γ)30P(I=1+, T1/2=150 s) Ep=417 keV Eγ=5.9 MeV 
40Ca(p,γ)41Sc(I=7/2+, T1/2=0.6 s) Ep=1842 keV Eγ=2.883 MeV 
58Ni(p,γ)59Cu(I=3/2-, T1/2=82 s) Ep=1424 keV Eγ=4.82/4.33 MeV 

In this list, typical proton-energies for each resonant proton-capture reactions and typical γ-ray energies to 

be observed in the reactions with the respective proton energies are also shown. All reaction products in 

the reactions are short-lived unstable nuclei. In the point of nuclear moment measurements, the magnetic 

moment of 30P is not known. The magnetic moment of 59Cu has a large error bar. The quadrupole moments 

of 25Al, 30P and 59Cu are not known. Thus, if we obtain large production yields for these nuclei by the 

resonant proton-capture reactions, investigation of the moments for these nuclei may be possible.  

We performed a preliminary experiment to produce 25Al and 30P by the resonant proton-capture 

reactions in UTTAC. The resonant proton-capture reactions for 25Al and 30P are well investigated [1, 2]. 

Purposes of the preliminary experiment were to check effective yields and contaminants. We used proton 

beams with Ep=500 keV accelerated in 1 MV tandem accelerator. We used MgF2 and MgO target for 25Al 

production, and Si and SiO2 targets for 30P production. Thickness of the targets was 0.5 mm. A typical 

proton-beam intensity was 10 nA. γ-rays from reaction products were measured by a HP-Ge detector. 

Finally, we irradiated for about 3000 seconds to MgO and Si targets, however we did not observe 

prominent γ-ray peaks related to 25Al and 30P. We will suppress background events and increase beam 

intensity in the further measurements and also we will try the production of 41Sc and 59Cu.  

 

References 

[1] D.C. Powell et al., Nucl. Phys. A 660 (1999) 349 and references therein. 

[2] J.P.L. Reinecke et al., Nucl. Phys. A 435 (1985) 333 and references therein.  
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ACCELERATOR MASS SPECTROMETRY 

 



 



Fig. 1. (A) Conceptual diagram of 14C-AMS system using automated sample preparation system. (B) 

Photograph of automated class vacuum line coupled with an EA. (C) Chromatogram of N2, CO2, and 

SO2 separated by the EA. 

3.1 Performance test of automated sample preparation system for 
14C-AMS using IAEA reference materials 

 

T. Matsunaka, K. Sasa, K. Sueki, T. Takahashi, M. Matsumura, H. Matsuzaki1, T. Nakamura2 

 

New 14C-AMS system using automated sample preparation system with an elemental analyzer (EA) 

and CO2 gas ion source was installed at the University of Tsukuba Tandem Accelerator Complex 

(UTTAC). Technical innovation of 14C-AMS system is expected in terms of speed-up, high repeatability, 

low background, and microscale radiocarbon analysis. Firstly, we tested the ability of the sample 

preparation system using reference materials, which shows known 14C activities from 0 to 150 pMC 

(percent Modern Carbon), purchased from International Atomic Energy Agency (IAEA) and National 

Institute of Standards and Technology (NIST). 

Graphite materials were prepared using the automated sample preparation system with 20-reactor 

graphite lines (Fig. 1) from IAEA-C1 (Marble), C2 (Travertine), C3 (Cellulose), C4 (Wood), C5 (Wood), 

C6 (Sucrose), C7 (Oxalic acid), C8 (Oxalic acid), C9 (Wood), and NIST-4990C (Oxalic acid). Three 

carbon isotopes of 12C, 13C, and 14C were measured for the graphite with AMS system at Nagoya 

University and the University of Tokyo. Fig. 2 shows an excellent linear relationship between the wide 

range of measured and consensus 14C values (pMC) for the reference materials. These measured values are 

in good agreement with the consensus values. The 14C activities of IAEA-C1 graphite were 0.04 – 0.1 

pMC which corresponds to 55,000 – 64,200 yr BP (before present) at late three times, relatively lower 

than the background level of 0.1 – 0.2 pMC in common laboratories (Fig. 3). Therefore, the automated 

system is available for 14C dating of old sample until 55,000 yr BP.  

                                                      
1 The University Museum, The University of Tokyo 
2 Center for Chronological Research, Nagoya University 
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Fig. 3. 14C activities of IAEA-C1 graphite prepared with automated sample preparation system at the 

University of Tsukuba. Back ground levels of the system are shown from 14C activities and calculated 
14C ages of IAEA-C1. 

Fig. 2. The correlation between consensus and measured 14C activities of reference materials purchased 

from IAEA and NIST. The regression line and correlation coefficient (R2) are shown in the correlation 

diagram. 
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3.2 Study on the migration behavior of Fukushima accident-derived 
iodine-129 from land area to the marine environment 

 

T. Matsunaka, K. Sasa, K. Sueki, Y. Onda1, T. Ishimaru2, K. Taniguchi1,3, Y. Wakiyama1,4, M. Honda, 

T. Takahashi, M. Matsumura, H. Matsuzaki5 

 

The March 2011 accident at the Fukushima Dai-ichi Nuclear Power Plant (FDNPP) in Japan results in 

the massive release of high volatility fission products, including 129I (8.1 GBq [1]) and 131I (120–160 PBq, 

[2–3]). The long-lived 129I (T1/2 = 15.7 million years) is one of the important radionuclides, which we need 

to evaluate its migration behavior from Japan’s land area to the marine environment because of its 

relatively high chemical reactivity, biological concentration in the marine ecosystem, and affinity for the 

thyroid gland although it is less radiologically harmful than the short-lived 131I (T1/2 = 8.02 days). The 

present study aimed to evaluate the following three points: 1) the source and the discharge of particulate 
129I in the Niida River, 2) 129I distribution in the marine sediment around estuary of the Niida River system, 

and 3) 129I distribution in the sea water and the marine organism in area close to the FDNPP. 

In the Niida River system where the upstream are in the relatively high-contaminated area located 

30–40 km northwest from the FDNPP, total suspended solid (SS) each month from December 2012 to 

January 2014 were continuously collected at Haramachi site (5.5 km upstream from the river mouth) of 

the downstream river by installing the time-integrative SS sampler. Marin surface sediments (0–3 cm 

depth) were collected at the two sites within 2 km from mouth of the Niida River. On the other hand, sea 

water samples of 2 L in water depths of 0 m, 5 m, 10 m, 15 m, and 20 m, and rock fish were collected at a 

site 6 km south-southeast of the FDNPP in July 2014. The iodine in SS, sediment, and rock fish of 0.2–0.5 

g was volatilized and trapped in an organic alkaline solution (~10 ml) by pyrohydrolysis method [4]. After 

adding 2 mg iodine carrier to the trap solution and the filtered water sample of 1 L, the iodine was isolated 

and precipitated as AgI. The 129I/127I ratio of AgI targets were measured using an AMS system at the Micro 

Analysis Laboratory Tandem accelerator (MALT), The University of Tokyo (Matsuzaki et al., 2007). 127I 

in the trap solution and the water sample were measured by an ICP-MS at the University of Tsukuba. The 

original 129I activities and 129I/127I ratios in the samples were calculated using 127I concentration obtained 

from ICP-MS and 129I/127I ratio obtained from AMS. 
129I activities and 129I/127I ratios in SS of the Niida River were 0.9–4.1 mBq kg−1 and (2.5–4.4)×10−8, 

which were strongly correlated with the total dry weight of monthly SS samples with correlation 

coefficient (R2) of over 0.79. 129I activities and 129I/127I ratios in SS were considered to infer the source of 

SS (relatively high-level contaminated upstream area or low-level contaminated downstream area). 

Meanwhile, the discharged particulate 129I at Haramachi site were estimated to be 7.7–12 kBq month−1 

from September to October 2013. Therefore, relatively massive amount of particulate 129I from the 

                                                      
1 Center for Research in Isotope and Environmental Dynamics, University of Tsukuba 
2 Oceanographic Observation Center, Tokyo University of Marine Science and Technology 
3 Prefectural centre for Environmental Creation, Fukushima Prefectural Government 
4 Institute of Environmental Radioactivity, Fukushima University 
5 The University Museum, The University of Tokyo 
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upstream were transported to the downstream of the Niida River from September to October 2013. 129I 

activities in the surface marine sediments from two sites within 2 km from mouth of the Niida River were 

5.8–8.4 μBq kg−1, 2–3 orders of magnitude lower than that of SS at Haramachi site of the Niida River. 

The 129I activity in surface sea water collected 40 months after the accident was 2.2 μBq L−1 (Fig. 1), ~2 

times larger than the previous 129I data in surface sea water collected 3 months after the accident [1]. 129I 

activities in the rock fish were 42–48 μBq kg−1, approximately 20–400 times larger than that of sea water 

of same site. There is a possibility of biological 129I concentration in the rock fish. Further investigations 

are needed to evaluate the mechanism. 
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Fig. 1. Profiles of 127I concentration, 129I activity, and 129I/127I ratio in sea water (white squares) and rock 

fish (black squares) collected at a site 6 km south-southeast of the FDNPP.
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3.3 Changes in 129I/127I ratio of crater lake and volcanic activity at Zao 
volcano 

 

T. Matsunaka, K. Sasa, K. Sueki, T. Takahashi, M. Matsumura, A. Goto1, T. Watanabe2, N. Tsuchiya2, 

N. Hirano2 , H. Matsuzaki3 

 

 The volcanic activity has become higher at Zao volcano in Miyagi and Yamagata Prefectures, Japan, 

since January 2013 after the 2011 Tohoku Earthquake [1]. Up to 106 times of the monthly volcanic 

earthquakes were observed in August 2014, and twice of the white turbidity were found in the surface of 

crater lake in October 2014. Basic water quality of crater lake have been studied by Tohoku University 

since the water quality of crater lake are correlating with volcanic activity. As a part of this investigation, 

we are trying to monitor the volcanic activity using 129I/127I ratios at Zao volcano. 

 Long-lived 129I (T1/2 = 15.7 million years) is produced in nature by cosmic-ray-induced spallation of 

xenon in the atmosphere and spontaneous fission of uranium in the lithosphere [2]. Values of 129I/127I ratios 

found nowadays in different environments are 2–8 orders of magnitude larger than that in the pre-nuclear 

era (1.5×10–12, [3]) by the release of anthropogenic 129I originating from spent nuclear fuel reprocessing, 

nuclear weapons testing, and nuclear accident [2]. 129I/127I ratio in precipitation at Fukushima area rose to 

~10–5 soon after the nuclear accident [4]. In our previous study, 129I/127I ratio in lake water collected in 

October 2013 from the crater lake at Zao volcano were 2.2×10−9, which were affected by anthropogenic 
129I. In terms of the global iodine cycle, chronologically-old iodine with low isotopic ratio was considered 

to be supplied into the crater lake from underground corresponding to the volcanic activity, resulting the 

decrease in 129I/127I ratio of the crater lake. The present study aimed to elucidate distribution of 129I/127I 

ratio and source of iodine in the crater lake, and the relativity between 129I/127I ratio in the crater lake and 

volcanic earthquake for the monitoring of volcanic activity at Zao volcano using 129I/127I ratio. 

 Water samples (2 L) were collected 6 times from the surface of crater lake in eastern side of Zao 

volcano from October 2013 to October 2014 including before and after the white turbidity phenomena. In 

May 2014, water samples were also collected from the central lake in water depths of 0 m, 6 m, 12 m, and 

18 m at the site of ~20 m water depth, snow ice around the lake, and Zao hot spring. After adding 2 mg 

iodine carrier to the filtered water sample of 1 L, the iodine was isolated and precipitated as AgI. The 
129I/127I ratio of AgI target was measured using an AMS system at the Micro Analysis Laboratory Tandem 

accelerator (MALT), The University of Tokyo. 127I in the water sample was measured by an ICP-MS at the 

University of Tsukuba. The original 129I/127I ratios in the water samples were calculated using 127I 

concentration obtained from ICP-MS and 129I/127I ratio obtained from AMS. 
 129I/127I ratios of the crater lake were (0.4–5.6)×10−9, 2–3 orders of magnitude larger than that of Zao 

hot spring ((3.2–5.7)×10−12) which is higher contribution of iodine from the underground, and 1–2 orders 

of magnitude lower than that of snow ice ((1.0–1.3)×10−8) including the anthropogenic 129I. Relatively 

                                                      
1 Center for Northeast Asian Studies, Tohoku University 
2 Graduate school of Environmental Studies, Tohoku University 
3 The University Museum, The University of Tokyo 
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high correlation between 129I/127I ratios and 1/127I was found in the three types of water (R2 = 0.69, n = 13), 

and the depth profile of 129I/127I ratios in the crater lake decreased with depth. Therefore, it is considered 

that iodine in the crater lake primarily originates from the meteoric water and the underground, and it is 

also considered that the 129I/127I ratios in the lake were determined by the mixing of both sides. 
 129I/127I ratios of the crater lake increased from 2.2×10−9 to 5.6×10−9 during October 2013 to the 

middle of October 2014, and then abruptly decreased to 4.3×10−10 soon after the second white turbidity 

(Fig. 1). A relatively strong negative correlation was found between the 129I/127I ratio and monthly volcanic 

earthquake (R2 = 0.68, n = 4), and there is a possibility that the 129I/127I ratio in the crater lake is related to 

the volcanic activity at Zao volcano. Further investigations are needed for the monitoring of the volcanic 

activity. 
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Fig. 1. Temporal changes in 129I/127I ratio of crater lake (white circles) and monthly volcanic earthquake 

(black bar [1]) at Zao volcano. 
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3.4 Technological development for Strontium-90 determination using AMS 
 

Y. Satou, K. Sueki, K. Sasa, T. Matsunaka, T. Takahashi, N. Shibayama1, D. Izumi, N. Kinoshita2, H. 

Matsuzaki3 

 

Strontium-90 (90Sr) is a fission product and expected to be released into the environment through 

such as a nuclear accident. 90Sr quantities are usually measured by chemical isolation of Sr from 

environmental samples followed by low-level beta counting, however, there are complicated and 

time-consuming processes to determine 90Sr. Rapid and simple processes are highly required to evaluate 
90Sr quantities, especially after the nuclear disaster. The Accelerator Mass Spectrometry (AMS) is one of 

potential methods which would solve these problems. We have attempted to develop the 90Sr-AMS using 

the 5 MV tandem accelerator at MALT, the University of Tokyo. We report production tests of negative 

ion beams and detection tests of 90Zr with the AMS techniques for effective 90Sr measurements. Target 

samples of SrF2 were made with chemical separation from the soil at Fukushima. Mixed samples with the 

purified SrF2 and PbF2 were pressed in the aluminum sample holder and installed in the MC-SNICS ion 

source. The negative ions of 88SrF3
- with over 500 nA were successfully extracted from the MC-SNICS ion 

source. Natural isobar of 90Zr interferes with 90Sr detection using an ionization chamber. However, in order 

to observe the behavior of the 90Sr in gas counter, 90Zr isobar was monitored as 90Sr in this study. After the 

ions passed through a gas stripper, the ions with 90 for mass number and 6+ for charge state, which are 

considered to be 90Zr, were transported to an ionization chamber. The ions with 1000 cps for count rate 

were identified in the two-dimensional spectrum in Fig. 1, which correspond to approximately 3 × 10-8 for 

atom ratio of 90Zr/88Sr in the Sr beam. Further works would provide a successful isobaric separation.  
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3.5 Successive searches of iodine-129 contamination in the chemical sample 
preparation rooms for AMS 

 

M. Matsumura, K. Sasa, T. Matsunaka, T. Takahashi, Y. Satou, K. Sueki, H. Matsuzaki1 

 

Our research involved measuring 129I (half-life: 1.57 × 107 y) in various samples by Accelerator mass 

spectrometry (AMS) [e.g. 1]. This radionuclide’s presence in the atmosphere is attributed to spontaneous 

fission of uranium, historical nuclear weapon tests, accidents in nuclear facilities, neutron activation 

analysis, and interactions with cosmic rays. Because halogens such as iodine have volatile species, the 

rooms used to prepare samples tend to become gradually contaminated through the chemical treatment of 

samples with high 129I concentrations. AMS can in some cases lead to overestimates of concentrations 

mainly due to sample contamination, the memory effect and noise at measurement. A sample has a risk to 

be contaminated during its preparation from its environment and also from other samples. It is important 

to monitor the contamination in the sample preparation rooms to certify our measurements [2].  

We have started monitoring of 129I 

from air in our rooms usually used for 

AMS sample preparations, by a simple 

method, in a building of University of 

Tsukuba Tandem Accelerator Complex 

(UTTAC), Japan, since Aug. 2013 [3]. 

The 129I monitoring was also performed 

at rooms known as a high 129I 

contaminated area in a building of the 

Center for Research in Isotopes and 

Environmental Dynamics as well as 

rooms unrelated with chemistry as 

background at UTTAC, in order to 

compare with the results at the sample 

preparation rooms (table 1). Alkaline 

trap solutions were placed in the rooms 

with each three weeks. Stable (127I) and 
129I naturally deposited from the 

atmosphere into the alkaline trap 

solutions was evaluated. The iodine 

collection was repeated up to eight 

times during one year. After three 

weeks, the amount of the alkaline trap 

                                                      
1 The University Museum, The University of Tokyo 

History of
the room use

Building
name

Room
name

Purpose of
room use

Kind of sample
Concentration

of
129I (atoms g-1)

Ratio of
129I/127I

C208 Desk work ― ― ―

C304 Desk work ― ― ―

C209
Sample

preparation

Environmental

for 36Cl and
final

107 to 1010 10－11 to 10－5

C210
Sample

preparation
Environmental

water 107 to  1010 10－11 to 10－5

C108
Sample

preparation

Environmental
and soil for

129I,
enviromental

samples for 14C

107 to  1010 10－11 to 10－5

B
Non-RI
room

Sample
preparation

Soil 109 to 1010 10－11 to 10－5

RI room
Sample

preparation
Soil etc. < 1016 10－4 or more

ICP-MS
room

measurement
Liquid for ICP-

MS < 1013 10－4 or more

Passage in
front of RI

room

Access to
 RI room

― ― ―

Table 1　Details of the rooms measured 129I contamination rates.

Low-level 129I used rooms are located in a building at (A) University of Tsukuba

Tandem Accelerator Complex. High-level 129I used rooms are located in a building at
(B) the Center for Research in Isotopes andEnvironmental Dynamics, University of
Tsukuba.

Treated samples

A

B
(Radiation
controlled

area)

Research area

20



Fig. 1. 
129

I contamination rate to the iodine trap solution (bar 

chart) and 
129

I/
127

I ratio in the iodine trap solution (white circle). 

solutions was obtained through 

weighing. Then, iodine carrier (with 
129I/127I = 1.7 × 10−13) was added to the 

part of trap solutions, the trapped 

iodine was collected as AgI via 

chemical purification for AMS. The 
129I /127I ratio in the trap solutions were 

determined by AMS at the Micro 

Analysis Laboratory Tandem 

accelerator (MALT), the University of 

Tokyo, Japan [4-5]. Measurement 

condition was; a terminal voltage was 

3.47 MV and charge state was 5+. The 

measurement results were normalized 

by Purdue standard material (129I/127I = 

6.54 × 10−11): Z94-0596 provided by PRIME Lab., Purdue University [6], the value was revised in 2014 

[7]. During all experimental procedures, the blank levels, which included the iodine carrier were 129I/127I = 

2.0 to 5.6 × 10−13. Also, from the trap solution, approximately 20 mL aliquot was taken for 127I 

determination by inductively coupled plasma–mass spectrometry (ICP–MS).  

Ambient levels of atmospheric 129I in each room were estimated from the measured concentrations in 

trap solutions as shown Fig. 1. The unit of 129I contamination rate was multiplied by the weight of the 

original iodine trap solution and by the area of bottle mouth. Strong contamination was consistently 

observed in all of the rooms during Nov. to Dec. 2013. The increase was attributed to the handling of 

solutions with high levels of 129I during that time at a certain room. It is concluded that 129I was diffused by 

air and human movement. Although experimental result was at high risk of overestimation during this 

period, no sample was prepared fortunately. This raised 129I presence then gradually decreased in all of the 

rooms. Except for this contamination point, 129I was found to be present at lower than ~104 atoms cm–2 

day–1 in the rooms where no-samples and samples with low levels of 129I were handled. Values of 104 to 

105 atoms cm–2 day–1 were recorded in another room where environmental samples were treated. Higher 

levels of 129I, ranging from 106 to 107 atoms cm–2 day–1, were recorded in rooms used for treating 

neutron-activated iodine. With the exception of the values obtained during Nov. to Dec. 2013, the 129I 

contamination rate and the 129I/127I ratio at rooms in UTTAC ranged around 2 × 10−8, which were also 

consistent with the 129I level and the 129I/127I ratios of environmental level, from atmospheric fallout 

samples in Tsukuba until 2005 [8]. 

The experimental results show that the 129I depended on the sample-preparation history of the room. 

Considering the results of this monitoring, it becomes clear that the sample preparation rooms, in which 

we actuary used the samples had no serious 129I contamination. This method is valid and simple. We intend 

to continue the monitoring of 129I from air at sample preparation rooms by this method. 

This work was supported by JSPS KAKENHI Grant Numbers 24246156 and 24110006. 
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4. 

BEAM AND ISOTOPE APPLICATIONS 

 



 



4.1 Micro-PIXE analyses of single fluid inclusions in quartz from Tanzawa 
granite, Japan 

 

M. Kurosawa, K. Sasa, S. Ishii 

 

Introduction 

Fluid released from granitic magma during solidification plays a key role in formation of various 

metal-ore deposits, hydrothermal alteration, and chemistries of deep groundwater around granite bodies. A 

part of the fluid is normally trapped as fluid inclusions in the solidified granite and surrounding rocks. 

Thus, chemical analyses of the inclusions provide useful information about chemistries and behaviors of 

the fluid. The Miocene plutonic complex in Tanzawa, Kanagawa Prefecture, Japan, is well known for a 

typical M-type granite [1] and has isotopic and chemical signatures of basaltic rocks derived from the 

upper mantle [2]. Fluid-inclusion analyses of the Tanzawa granite, therefore, is expected as an information 

source about chemistries of hydrothermal fluids from M-type granite, because the chemical features have 

been poorly characterized. For these reasons, we analyzed trace-element contents in fluid inclusions from 

quartz crystals at the Tanzawa granite by using micro-PIXE. 

 

Sample 

The Tanzawa plutonic complex is mainly composed of 

granite (tonalite) with minor gabbro, and the granite body is 

subdivided into several rock types. The Yusin type has high 

SiO2 contents (>70 wt.%) and demonstrates highly 

fractionated features [2]. Quartz crystals were collected from 

miarolitic cavities in the Yusin granite. The quartz included so 

many two-phase and polyphase inclusions (Fig. 1), minor 

vapor-rich and liquid-rich inclusions, and trace amounts of 

liquid-CO2 inclusion. Elemental compositions of the major 

two-phase and polyphase inclusions were determined by 

micro-PIXE. Salinities of the polyphase inclusions were of 

about 40 wt.% NaCl eq. and the homogenizing temperatures 

(Th) ranged from 400 to 500 °C. The two-phase inclusions 

showed almost Th of 220 to 500 °C.  

 

 

Experimental 

The PIXE analyses were performed at the 1 MV Tandetron. A 0.15 to 0.3 nA beam of 1.92-MeV 

proton was focused to a 30 × 30 μm spot on the sample using slits and magnetic lenses. The beam 

incidence was normal to the sample surface, and the X-ray measurement take-off angle was 45˚ [3,4]. The 

characteristic X-rays excited by the incident beam were collected by the Si(Li) X-ray-energy detector 

Fig. 1. Photomicrograph of polyphase 
inclusion in quartz crystal from a 
miarolitic cavity at the Tanzawa 
granite, Japan. A large bubble and 
many daughter crystals of halite, 
sylvite, and so on are present in the 
inclusions. Scale bar is a 50 μm. 

Bubble 
NaCl 

KCl 
FeCl2 

Fe3O4 
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(Sirius 30+ detector; e2V Scientific Instruments, UK) 

with a nominal resolution of 139 eV at 5.9 keV. A 

55-μm-thick Mylar film was used to attenuate the 

intense X-rays from the predominant light elements and 

to prevent the entry into the detector of protons scattered 

from samples. The total charge was determined by 

integrating the target currents, and all samples were 

analyzed to the integrated charges of 0.4 to 0.9 μC. 

Analytical points were chosen based on optical viewing 

using a CCD camera mounted on the microscope [4]. 

Quantification was performed based on the model of 

Kurosawa et al. [3,4].  

 

Results and Discussion 

PIXE spectrum of a polyphase fluid inclusion in 

the miarolitic cavities consisted of K X-ray peaks 

from Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, Br, Rb, and Sr, 

and of L X-ray peaks from Pb and Ba (Fig. 3). Most 

of polyphase inclusions in the miarolitic cavities 

demonstrated the similar X-ray spectra. Element 

concentrations of the polyphase inclusions, 

determined by PIXE, were as follows: 20 to 25 wt.% 

for Cl, 3‒8 wt.% for Fe, 3‒5 wt.% for K, 0.9‒2.7 

wt.% for Mn, 1‒1.6 wt.% for Ca, 1000‒5000 ppm for 

Zn, about 2200 ppm for Cu, 200‒1000 ppm for Pb, 

700 ppm for Ba, 270‒430 ppm for Br, 30‒280 ppm 

for Ge, 80‒200 ppm for Rb, and 0‒140 ppm for Sr. 

The values determined for Cu, Ti, and Mn are several 

times higher than the values of polyphase inclusions 

in miarolitic quartz from the Kofu granite, Yamanashi, 

Japan, which is an I-type Miocene granite [5]. The values for Ge and Sr is extremely lower than those of 

the Kofu granite. Elemental contents of the two-phase inclusions were as follows: 2.6 to 3.5 wt.% for Cl, 

0.2‒0.4 wt.% for K, 1000‒1900 ppm for Cu, 500‒1700 ppm for Fe, 600‒1900 ppm for Ca, 700‒1700 ppm 

for Ba, 300 ppm for Mn, 90 ppm for Zn, 15‒20 ppm for Br, and 0‒30 ppm for Pb and Ge. Rb and Sr 

contents were undetectable. The extremely lower values of Ge, Rb, Sr, and Pb and the relatively higher 

contents of Cu, Ti, and Fe are quite different from those of the I-type Kofu granite [5]. The high contents 

of Cu and Ti and the extremely low contents of Ge and Sr is thought to be a chemical feature of 

hydrothermal fluids of M-type granite from the comparison to those from the Kofu granite. 
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Fig. 2. Schematic geometry for PIXE analysis 
of fluid inclusion. 

Fig. 3. PIXE spectra of polyphase (upper) 
and two-phase (lower) fluid inclusions in 
quartz crystal from miarolitic cavity at the 
Tanzawa granite, Japan. 
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The high Cu contents of polyphase and two-phase inclusions are consistent with an existence of 

sulfide mineral of copper, chalcopyrite, in the miarolitic cavities from the Tanzawa granite. It seems to be 

metal concentration enough to form large-scale Cu ore deposits near the granite body. The large-scale ore 

deposits, however, are absent around the granite. This may result from an insufficient total-volume of 

hydrothermal fluids released from the granite body or lack of concentrated depositions of Cu contents in 

the fluids at one place. A quick lift-up and erosion of the shallower part around the Tanzawa area 

associated with the arc‒arc collision [2] may be significant for loss of the ore deposits formed often near 

the earth’s surface. An elucidation of the lack of Cu ore deposits at the Tanzawa granite would be 

important to understanding the cause for absence of a porphyry-Cu type ore-deposits in Japan. 
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4.2 
 

T. Tamura,
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The simulation was carried out with a software (SIMION) with an assumption that the initial kinetic 

energy of the secondary electrons is 10 eV, while this value is not very much sensitive to the trajectory 

because the secondary electrons immediately accelerated up to ~ 0.8 keV with a Cu mesh toward the 

PSD2. We can see that the secondary electrons are perfectly collected by PSD2 with the present simple 

arrangement of electrodes. 

Fig. 2 shows the obtained HERDA spectra taken on the a-C:H film with and without the coincidence 

detection system. In the experiments, 1 MeV 16O+ was used as the incident beam, and the data acquisition 

time and irradiation were ~ 300 sec and 5.4 μC, respectively, monitored by a beam chopper. As a result, 

we observed a remarkable reduction of the dark current noise clearly appeared in the vacuum region of 

530 ch ~ 850 ch. The signals of recoils seen in the region of 300 ch ~ 520 ch, however, also showed a 

significant reduction due to the coincidence detection system. As a total system, the HERDA with the 

coincidence detection system exhibits the better performance not only for B, but also for H. The problem 

of the signal loss should be improved in future. In other words, the solution of the signal loss will give us a 

further major improvement of the limit of detection. The most likely reason of the signal loss seen in the H 

detection will be a small amount of the emitted secondary electrons induced by the H penetration through 

the stopper foil. Some coating of the stopper foil to enhance the secondary electron emission might be an 

efficient improvement in a future work, while some other possible problems, for example, non-suitable 

setting of time gate generation should be carefully removed.  

Fig. 2. HERDA spectra taken on the same a-C:H film with (red) and without (green) the coincidence 

detection system. 
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4.3 Straggling effect in channeling on Si(100) with metal thin films 
 
E. Noguchi, D. Sekiba, I. Harayama, Y. Watahiki, S. Ishii 

 

Recently various metal thin films have been grown on substrates by means of chemical vapor 

deposition (CVD). In contrast to physical vapor deposition (PVD) with the magnetron sputtering, the 

metal thin films obtained by CVD in principle contain the light elements come from the original process 

gas, which are usually organic metals. The physical and chemical properties of the metal thin films 

strongly reflect those contaminations. Therefore the knowledge on the light element distributions are 

important. When the thickness of an interesting metal film is several nano-meters, high-resolution 

Rutherford backscattering spectroscopy (HRBS) [1] with channeling is effective to determine the light 

element distribution in the metal film grown by CVD on a single crystal. In our experience, however, the 

channeling effect is rapidly suppressed with increasing the film thickness above ~5 nm. To determine the 

maximum film thickness suitable to the light element distribution analysis by HRBS, we survey the film 

thickness dependence of yield suppression in channeling on the Pd/Si(100) system. 

 

Five samples were prepared with changing the thickness of the Pd films (t = 4, 8, 9, 13, 14 nm) 

grown by PVD with the magnetron sputtering on the Si(100) substrate. The dimension of the substrates 

was 15 mm x 15 mm x 0.5 mm, and the substrate was cleaned fluoric acids before the Pd film deposition. 

For the channeling measurements, the Si<110> axis was used. The beam incident angle was set at θ = 45º 

from the surface normal, and then the azimuthal angle ω was swept to observe the channeling dip. 

HRBS1000 system supplied by KOBELCO with the 1 MV single-end electrostatic accelerator was used. 

The 400 keV He+ beam with a typical current of several tens nA was shaped to 1 mm x 1 mm with a 

double slit system. The detection angle for the scattered particle was set at 80º with respect to the beam 

incident direction. 

 

Fig. 1 shows a typical RBS spectrum taken on Pd (t = 8 nm) / Si(100) with the <110> channeling. An 

intense peak corresponding to the Pd film is seen 

in the energy region from 360 keV to 380 keV. 

The signals from the Si substrate are well 

suppressed due to the channeling, and the leading 

edge is observed at ~315 keV. The channeling 

dips depending on the Pd film thickness were 

plotted by collecting the yield corresponding to 

the Si subsurface region indicated by the gray 

hatch (ROI: Region of Interest).  

 

Fig. 2(a) shows the channeling dips taken on 

the five samples around the <110> channeling 

Fig. 1. RBS spectrum taken on Pd (t = 8 nm) / 
Si(100) with the <110> channeling condition. 
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with changing the azimuthal angle ω: Pd (t = 4 ~ 24 nm) on Si(100). The yield on the random spectrum 

randomY  is ~800 counts. We can see that the yield at the bottom of the dip minY  increases with increasing 

the Pd film thickness. Some satellite dips beside the <110> channeling, which correspond to other planar 

channeling, are also observed when the Pd film thickness is small. Fig. 2(b) displays the minimum yield 

ratio randomminmin YY=χ  depending on the Pd film thickness. While minχ  = 0.16 was obtained on the 

Pd (t = 4 nm) /Si(100), the minχ  increased up to ~ 0.4 over the film thickness of 10 nm. The value minχ  

= 0.4 is no longer suitable to the measurements of light element distribution. We tried to interpret the 

observed behavior of minχ  by a theory taking mainly the angular straggling of trajectory to the account 

[2]. Here primary concept is that the effective critical angle for the channeling cθ~  is reduced from the 

original value cψ  by the angular straggling when there is a non-crystalline film on the Si(100) single 

crystal as follows. c
PdHe

c eZZ
Ea ψθ

22

~ = . Where “ a ” is the Thomas-Fermi screening radius “ E ” is the 

energy of the incident He beam, “ e ” is the elementary electric charge, HeZ  and PdZ  are the atomic 

number of He and Pd, respectively. We can see that the theory well reproduced the present experimental 

data. From this theoretical model, we survey the experimental condition, which enables us to achieve 

minχ = ~0.16 with the Pd film thickness of 10 nm. One of the simple solutions is the increase of the He 

beam energy to suppress the reduction of the effective critical channeling angle. In this case, the He beam 

energy more than 500 keV is necessary according to the theory. The examination of the beam energy 

dependence of minχ  is remained for the future works. 

Fig. 2. (a) The channeling dips taken on Pd (t = 4 ~ 24 nm) /Si(100) at the <110> channeling. (b) Pd 
thickness dependence of minimum yield ratio χmin.  
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4.4 Mössbauer spectroscopy of ferromagnetic Fe3O4 nanoparticles 
developed for magnetic hyperthermia 

H. Latiff, A. Horiuchi, M. Kishimoto, H. Yanagihara, E. Kita 

In the application of ferromagnetic nanoparticles to magnetic hyperthermia, coercive force control is 

an important requirement for effective hysteresis-loss heating within the human-safe limit amplitude H0 

and frequency f0 of alternating magnetic field (AMF). Cobalt-contained iron oxide particles were 

synthesized previously, and the coercive forces was finely tuned according to the Co content. However 

due to the possible toxicity of cobalt, we attempted to attain coercive force control by introducing the 

shape anisotropy and synthesized platelet γ-Fe2O3 and Fe3O4 nanoparticles. In this report, platelet Fe3O4 

nanoparticles was synthesized and the morphology of particles was investigated using Mössbauer 

spectroscopy.  

Platelet α-FeOOH, used as the precursor materials were synthesized by precipitation and 

hydrothermal treatment. The α-FeOOH particles were dispersed in tetraethylene glycol (TEG), and heated 

to the preferred temperature for a certain period of time. TEG is used as the reducing agent in the reaction. 

The obtained product was washed with ethyl alcohol and then dried in air to powdered form. 

Magnetizations of dry powdered samples were measured using a vibrating sample magnetometer (VSM) 

and the variation in crystal structures were examined using X-ray diffraction (XRD). Mössbauer 

spectroscopy was carried out at room temperature and the velocity and isomer shift were calibrated 

relative to α-Fe. Data were analyzed using an analysis program, MossWin Ver.4. 

Fig. 1 shows the XRD spectra of reduction products heated at 310°C for 5 – 120 minutes. Diffraction 

peaks attributable to the spinel structure increased with increasing reaction time. After heating for 60 – 

120 minutes, single phase spinel structured products were obtained, showing the α-FeOOH particles have 

completely been reduced to Fe3O4. 

Fig. 2 shows the room temperature Mössbauer spectra of reduction particles obtained in Fig. 1. Each 

spectrum was fitted to a combination of two or three magnetic sextets corresponding to Fe oxides and one 

singlet component. The area ratios of the respective sub-spectra are shown in Fig. 3(a).  Fitting 

parameters are tabulated in Table 1. From the result, it is clear that as the heating time increases, the Fe3O4 

ratio increases with the expense of α-Fe2O3. After 120 minutes, all α-FeOOH have been completely 

reduced to Fe3O4. The singlet component observed in sample heated for 5 minutes, is considered to 

originate from non-crystalline component which appear during the dehydration process of α-FeOOH. As 

the reaction time increases, particles grow larger and crystallinity tends to improve thus reducing the 

singlet component.   

Fig. 3(b) shows the magnetic properties of reduction products obtained by heating the 

α-FeOOH/TEG dispersion at 310°C for 5 – 120 minutes. The saturation magnetization increases rapidly 

initially and eventually reaches a saturated value. This is due to the rapid formation of magnetic Fe3O4 

particles in the earlier stage. The coercive forces were almost constant against the reaction time and 

independent from the saturation magnetization. Although high coercive force has been reported in α- 
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Fe2O3 fine particles, relatively low coercive forces for samples including α- Fe2O3 is possibly due to the 

superparamagnetic relaxation coming from the small particle volumes and magnetic anisotropy. Fe3O4 

particles obtained after heating for 60 minutes have saturation magnetization of 83 Am2/kg and coercive 

force of 13 kA/m. The increase of Fe3O4 in expense of α-Fe2O3 was also confirmed by Mössbauer 

spectroscopy analysis shown in Fig. 2 and Fig. 3(a).  

 

Fig. 1.  XRD spectra of the reduction 
products obtained by heating the 
α-FeOOH/TEG dispersion at 310°C for 5 – 
120 minutes. Dehydration and reduction 
process of α-FeOOH occurs simultaneously 
during the first 5 minutes. Reduction process 
was finally completed after 60 minutes. 
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Fig. 3.  (a) Population of α-Fe2O3, Fe3O4, and 
singlet component deduced from Mössbauer 
spectra.  (b) Saturation magnetizations and 
coercive forces of reduction products obtained in 
Fig. 1.  
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Fig. 2.  Mössbauer spectra of samples obtained in 
Fig. 1 recorded at room temperature.  The spectra 
were fitted to a set of two or three magnetic sextets 
corresponding to the respective Fe oxides and a 
singlet component which is considered to originate 
from non-crystalline component. Reaction times, tR

are 5 – 120 minutes.  
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4.5 Conversion electron Mössbauer spectroscopy (CEMS) of cobalt ferrite 
thin films 

 

R. Aoyama, H. Yanagihara, K. Mibu1, E. Kita 

 

High perpendicular magnetic anisotropy (PMA) materials have attracted attention because of their 

potential use in magnetic recording media and other practical applications. In addition to high PMA, 

materials that do not contain Pt, a rare metal, are ideal for the future uses to avoid resource issues such as 

scarcity. The magnetization and PMA of cobalt ferrite thin films, which are high PMA materials, change 

with composition and production conditions. As such, cobalt ferrite thin films are the subject of our study, 

and we have reported changes in their magnetization and PMA by changing their composition and 

production conditions [1]. 

In order to clarify the mechanism of anisotropy in cobalt ferrite thin films, the electronic and 

magnetic states should be studied using Mössbauer spectroscopy. However, it is not possible to detect 

these electronic and magnetic states via transmission through the sample in thin films grown on thick 

substrates. Conversion electron Mössbauer spectroscopy (CEMS) can be used on such samples because 

the electrons emitted back from the surface are detected. However, it takes a long time to gather CEMS 

results from samples thinner than 100 nm because of the insufficient amount of 57Fe nuclei in cobalt ferrite 

thin films. To decrease measurement time, we prepared a locally enriched 57Fe target [2]. 

The locally 57Fe enriched target was composed of a 1 mm thick doughnut shaped 57Fe enriched disk, 

covering the erosion part of sputtering, and a natural Fe base plate. Cobalt ferrite thin films were grown on 

MgO(001) single crystal substrates by co-sputtering using the locally enriched 57Fe target and Co target. 

The O2 flow rate was set to 7 sccm and the substrate temperature was fixed at 600 ºC during sputtering. 

Fig. 1 shows a CEMS spectrum for a Co0.65Fe2.35O4 thin film. The time to collect data of equivalent 

quality was ideally shortened by a factor of ten because the amount of 57Fe was 25% in the enriched target 

compared to 2.3% in natural Fe. Data collected for 16 hours is shown in Fig. 2, and the spectrum has a 

distinct enough signal to noise ratio for detailed discussion. The enriched 57Fe combination target enabled 

us to shorten measuring time drastically and will be a powerful tool in analyzing the magnetic state of Fe 

based thin films.  

The spectrum was fit to a combination of three ferromagnetic sub-spectra, and the result is shown in 

Fig. 2. The spectrum was fairly symmetric and the isomer shifts were 0.3–0.4 and were fairly similar to 

those of trivalent Fe ions. It was supposed that about 15% (= 0.35·2.35−1) of Fe atoms were in the divalent 

state that is not clearly seen in the spectrum. This suggested that the film was well oxidized and the 

number of divalent Fe atoms was small. Sites with small hyperfine fields (site 1) may be attributed to the 

surface Fe atoms. 

 

 

                                                      
1 Graduate School of Engineering, Nagoya Institute of Technology, Nagoya 466-8555, Japan 
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Table 1. Mössbauer fitting parameters for the CoxFe3-xO4 thin films. 

 

*Isomer shift with respect to α-Fe 

Fig. 1. Conversion electron Mössbauer 
spectroscopy (CEMS) spectrum for the 
CoxFe3-xO4 thin films recorded at 300 K. 
Solid lines indicate fitted results. 
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4.6 Magnetization control of Co ferrite thin films by Kr ion implantation 
 

Y. Liu, E. Kita, H. Yanagihara, K. Mibu1, D. Oshima2, T. Kato3, S. Iwata 2 

 

According to the increasing demand for high-density recording devices, perpendicular magnetic 

recording systems have emerged as the predominant hard disk system. For further increase of recording 

density, stronger perpendicular magnetic anisotropy (PMA) and bit pattern media (BPM) [1] are focused. 

For BPM, lithography, the imprint technique, or ion implantation have been tested. Ion implantation has 

been adapted to metallic PMA substances, however, there has been no research on the oxide ferromagnets. 

Using this technique, one can change/control a magnetic state of materials from ferromagnetic to 

nonmagnetic, which may render the fill-back process in other lithography techniques unnecessary. We 

have performed magnetization control by ion implantation on Fe3O4 thin films as a basic material of spinel 

type ferromagnetic oxides.[2,3] Effects of Kr ion implantation was confirmed by Mössbauer study.[3] In 

this study, a ferromagnetic Co ferrite (CFO) with PMA is focused and the magnetization of them is 

controlled by Kr ion implantation. We chose the thin films with a concentration of x = 0.75 because the 

concentration realized high magnetization and PMA.[4] 

The thin films of Co ferrite (x=0.75, CoxFe3-xO4) (13 nm) were grown on polished MgO (001) substrates 

with a reactive sputtering in an RF planar magnetron sputtering system. In order to perform the Mössbauer 

spectroscopy measurements, the thin films were fabricated with the Co target and the 57Fe enriched 

targets.[5] Reflection High Energy Electron Diffraction (RHEED) was used to confirm surface crystalline 

structure, X-Ray Fluorescence (XRF) was used to analyze the atomic density of Fe and Co atoms, and a 

SQUID magnetometer was used to measure the magnetization process. Co ferrite thin films were covered 

with an 15 nm carbon layer prior the ion implantation to prevent a decrease in thickness due to the 

sputtering by ion beam implantation. Kr ions were accelerated at 30 kV in a conventional ion implantation 

system. 

The influence of Kr ions to the magnetization of Co ferrite thin films was indicated together with that 

for Fe3O4 reported previously[3] in the Fig. 1. The magnetization decreases with the increase of ion dose, 

and the magnetization of thin films reaches to almost zero when the dose of ions is enough. It is concluded 

that both thin films are controlled well by Kr ion implantation from these results. 

Fig. 2 shows the Mössbauer spectra before and after ion implantation. As-prepared sample shows the 

spectrum with a distributed hyperfine field. The fitting with three hyperfine fields was carried out.  

Isomer shifts for subspectra were almost the same magnitude for those of Fe3+ ions. After 1×1015 ions/cm2 

Kr ions implantation, the ferromagnetic subspectra became small, and the nonmagnetic subspectra became 

larger. After ion implantation by 1×1016 ions/cm2 Kr ions, the ferromagnetic subspectra shown in the 

before-ion-implantation sample almost disappeared. It is concluded that the decrease in the magnetization 

of Co ferrite thin films is due to the Kr ion implantation. 

                                                      
1 Graduate School of Engineering, Nagoya Institute of Technology, Nagoya, Aichi, Japan. 
2 EcoTopia science Institute, Nagoya University, Nagoya, Aichi, Japan 
3 Department of Electrical Engineering and Computer Science, Nagoya University, Nagoya, Aichi, Japan. 
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From these, it is considered that the structure of CFO thin film changed partly by the weak Kr ion 

implantation, and the strain resulting PMA was released. After further implantation, the structure changed 

into that seen in the Kr irradiated Fe3O4 thin films and the magnetization decreased. 

 

 

Table 1. Mössbauer fitting parameters for a Co0.75Fe2.25O4 thin film without ion implantation. 

Sub-spectrum H
hf

 (T) IS* (mm·s−1) Line Width(mm·s−1) Area (%) Estimated site 

F1 44.03 0.329 1.034 38.0 B 

F2 48.32 0.314 0.496 39.5 A 

F3 50.80 0.351 0.501 22.5 B 

 *Isomer shift with respect to α-Fe 
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Fig. 1. Influence of Kr ion implantation to 
magnetization of the Co ferrite thin film and 
Fe3O4 thin films[3]. 
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4.7 Oxygen and sulfur isotopic analysis of ion-induced sulfate production 
reaction initiated via proton beam 

 

S. Ishino1, S. Hattori1, S. Tomita, Y. Nakai2, N. Yoshida1 

 

Ionizing radiation of galactic cosmic ray (GCR) has been recognized as one of the factors influencing 

the Earth’s cloudiness [1]. It has been shown that sulfate is produced and forms small droplets by ionizing 

radiation [2], but the underlying mechanisms of ion-induced reaction have not yet been identified and their 

contribution to the atmosphere is still not known. 

In order to elucidate the mechanism, we investigated the production of sulfate during ion-induced 

reaction via proton beam using 1 MV Tandetron accelerator at the University of Tsukuba Tandem 

Accelerator Complex (UTTAC). The experiments were conducted in two different conditions of the 

chamber atmosphere; 20 ppm SO2 mixture in wet air including 20% O2 (Air mode) and wet N2 without O2 

(N2 mode) at relative humidity of 40% and flow rate of 1.0 L min–1. The produced sulfate was collected 

with PTFE filter (JGWP04700, Merck Millipore) and residual SO2 was collected by Fe2+/Fe3+ solution. 

Oxygen and sulfur isotope ratios of sulfate and SO2 were measured using isotope ratio mass spectrometry. 

 

 

Positive Δ17O of sulfate was observed in Air mode, while Δ17O of sulfate in N2 mode was almost zero. 

Positive Δ17O of sulfate in Air mode indicates the contribution of O3, and these results are consistent with 

SO2 oxidation by O3
–(H2O)x clusters, which was predicted through theoretical study [3]. Note that Δ17O of 

sulfate in Air mode was smaller than that of atmospheric O3 suggesting the contribution of other reactions. 

For N2 mode, on the other hand, the approximately 0‰ of Δ17O for sulfate might be due to SO2 reaction 

with OH, which was produced by H2O decomposition promoted by proton beam.1 
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Fig. 1.  Experimental setup. 
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For the sulfur isotopic compositions (δ34S), there was no significant difference between N2 mode and 

Air mode. However, the δ34S values observed in this study were much smaller than that of the major 

atmospheric sulfate productions in previous study [9, 10]. 
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Fig. 2. Comparison of sulfur isotopic fractionation between sulfate production reactions in 

this study and previous studies. 

Table 1. Δ17O values of produced sulfate in this study, sulfate calculated in the model 

based on Savarino et al. [4], and assumptions about the atmospheric oxidants 
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18. Y. Satou, K. Sueki, K. Sasa, T. Matsunaka, N. Shibayama, T. Takahashi, N. Kinoshita, “Source 

estimation of radioactive materials on the ground at the northwestern area from the Fukushima 

Dai-ichi Nuclear Power Plant”, Asia Oceania Geosciences Society 2014, 28 July - 1 August 2014, 

Sapporo, Japan. 

 

19. I. Harayama, K. Nagashima, Y. Hirose, H. Oikawa, R. Akiyama, S. Kuroda, H. Matsuzaki, D.  

Sekiba, “ΔE-E telescope ERDA on AlN films with 40 MeV 35Cl7+ beam: Development of gas 

ionization chamber placed on ICF152”, 21st International Conference on Ion Beam Analysis, 

23-28 June 2013, Seattle, USA. 

 

20. K. Kurita, D. Sekiba, I. Harayama, K. Chito, Y. Harada, H. Kiuchi, C. Sakai, M. Oshima, K. 

Sodeyama, Y. Tateyama, R. Sato, M. Matsuo, S. Orimo, “Ultra high resolution Resonant Inelastic 

soft X-ray Scattering for Mg2FeH6’’, 8th International Conference on Inelastic X-ray Scattering, 

SLAC National Accelerator Laboratory Menlo Park, 11-16 August 2013, California, USA. 
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6. 

THESES 

 



 



 

Master’s theses 
 

Shunnpi AOYAMA Magnetic properties of CoxFe3-xO4 (001) thin films prepared by 
reactive sputtering with dual targets. 

Fumiya ARAI Ion surfing RF-carpet gascell for superheavy element mass measurement. 
Daiki IZUMI Development of AMS measuring condition using the PHITS code and 

measurement of cosmogenic nuclides. 
Akari HORIUCHI Preparation and magnetic properties of Fe oxides nanoparticles from 

oval platelet α-FeOOH precursor. 
Yang LIU Magnetization control of Kr ion implantation to CoFe2O4 thin films. 
Kazuki SAWAHATA Measurement of charge-changing cross-section for proton-rich Si and Ar 

isotopes. 

 
 
Undergraduate’s theses 
 

Eri NOGUCHI Straggling effect in channeling on Si(100) with amorphous metal thin films. 

Takahiro TAMURA Coincidence detection system of ion and secondary electron in HERDA. 
Ryohei TOMITA Behavior of dissolved radionuclides and ions in riverine water after FDNPP 

accident. 
Masaya WATANABE The variation of flux of 129I in Tsukuba region. 
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7. 

SYMPOSIA 

 



 



The 15th Japanese national workshop on surface and interface 

ion beam analysis 

 

5-6, December 2014 

University of Tsukuba, Tandem Accelerator Complex, 

Cooperative Research Building C C305 

 

December, 5 Friday 

 

13:00 - 13:05 

Welcome Address 

Prof. Eiji Kita 

(Research Facility Center for Science and Technology, Univ. of Tsukuba, Vice- Director 

(TAC section)) 

 

Session 1                                              Chair：Dr. Kenji Kimura 

13:05 - 13:45    (Invited talk) 

“Investigating surfaces and interfaces with light ions: MEIS and HIM" 

Torgny Gustafsson 

(Department of Physics and Astronomy, Rutgers University, Piscataway, NJ, USA) 

13:45 - 14:15    (Invited talk) 

“Helium Ion Microscopy (HIM) for Imaging, Characterization, and nano-Fabrication for 

nano-Device Materials and Structures” 

Shinichi Ogawa  

(NeRI, National Institute of Advanced Industrial Science and Technology (AIST)) 

14:15 - 14:55    (Invited talk) 

“Studies on Surface Structure using Fast Atom Diffraction (FAD)” 

H. Winter, M. Busch, J. Lienemann, E. Meyer, A. Schüller, J. Seifert 

(Institut für Physik, Humboldt-Universität, Berlin, Germany) 

 

Session 2                                             Chair：Dr. T. Nakamoto 
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15:10 - 15:35    (Invited talk) 

“Ion Beam Guiding with Straight and Curved Insulator Capillaries” 

Takao M. Kojima1, Tokihiro Ikeda2, Yasuyuki Kanai1, Vladimir A. Esaulov3 and Yasunori 

Yamazaki1 

(1Atomic Physics Laboratory, RIKEN, 2Nishina Center for Accelerator-Based Science, 

RIKEN, 3Institut des Sciences Moléculaires d'Orsay, Universite Paris Sud) 

15:35 - 15:55     

“Formation of SOI structure by ultrahigh-temperature oxygen implantation” 

Yasushi Hoshino, Tomohiro Kamikawa, and Jyoji Nakata 

(Department of Mathematics and Physics, Kanagawa University)  

15:55 - 16:15     

“Shape Elongation of Embedded Zn Nanoparticles in SiO2 by Swift Heavy Ion Irradiation” 

H. Amekura1, D. Tsuya1, N. Okubo2, and N. Ishikawa2 

(1National Institute for Materials Science (NIMS), 2Japan Atomic Energy Agency (JAEA)) 

16:15 - 16:45    (Invited talk) 

“Sensitivity Increase with Etched Tracks on a SiO2 Waveguide in Palmtop Sensor” 

Koichi Awazu, Makoto Fujimaki and Xiaomin Wang 

(National Institute of Advanced Industrial Science and Technology (AIST)) 

 

UTTAC facility introduction and tour 

16:55 - 17:20    facility introduction 

“Scientific strategy of UTTAC (Univ. of Tsukuba, Tandem Accelerator Complex) with new 

6 MV tandem accelerator and high-resolution ion beam analysis” 

K. Sasa, T. Moriguchi and D. Sekiba 

(UTTAC, Univ. of Tsukuba) 

17: 20 - 18:00  facility tour 

 

December, 6 Saturday 

 

Session 3                                            Chair：Dr. Shigeo Tomita 

9:00 - 9:25      (Invited talk) 
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“Proton Irradiation in Liquid with Glass Capillaries and Metallic Particle Formation by 

Radiation Reduction” 

T.Kobayashi1, T. Yamaki2, T. Hakoda2, S. Yamamoto2 and Y. Yamazaki1 

(1RIKEN, 2JAEA) 

9:25 - 9:45      

“Liquid-surface structural analysis by MeV ion microbeams through capillaries” 

S. Nomura1, K. Miyahara1, R. Furuya1, J. Wang1, T. Majima1,2, M. Imai2, 

H. Tsuchida1,2, and A. Itoh1,2 

(1Department of Nuclear Engineering, Kyoto University, 2Quantum Science and 

Engineering Center, Kyoto University) 

9:45 - 10:05     

“Irradiation of liquid droplets with MEV-energy ions in vacuum” 

K. Kitajima1, T. Majima2, Y. Oonishi1, H. Ueda1, H. Tsuchida2, and A. Itoh1,2 

(1Department of Nuclear Engineering, Kyoto University, 2Quantum Science and 

Engineering Center, Kyoto University) 

10:05 - 10:25     

“Solid-Liquid Interface Analysis with MeV-energy Heavy Ion Beams” 

Toshio Seki1,4, Makiko Fujii2, Shunichiro Nakagawa1, Takaaki Aoki3,4, and  

Jiro Matsuo2,4 

(1Department of Nuclear Engineering, Kyoto University, 2Quantum Science and 

Engineering Center, Kyoto University, 3Department of Electronic Science and Engineering, 

Kyoto University, 4CREST, Japan Science and Technology Agency (JST)) 

 

Session 4                                             Chair：Dr. Hiroshi Kudo 

10:35 - 11:05    (Invited talk) 

“Secondary Electron Emission from Thin Carbon Foils by Ion Beam Penetration” 

Hidemi Ogawa1, Kunikazu Ishii1, Toshiaki Kaneko2 

(1Department of Physics, Nara Women’s University, 2Graduate School of Science, 

Okayama University of Science) 

11:05 - 11:25     

“Vicinage Effect on Secondary-Electron Emissions from Carbon Foils Bombarded with 

62.5-keV/u Cn
+ Ions” 

K. Narumi, A. Chiba, K. Yamada, S. Matoba, Y. Saitoh 
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(Takasaki Advanced Radiation Research Institute, Japan Atomic Energy Agency) 

11:25 - 11:45     

“Forward Secondary Electron Emission from Carbon Foil induced by Swift single ion and 

di-atom cluster ion” 

Toshiaki Kaneko1, Ryo Tanaka1, Fuyuhito Miyahara1, Hidemi Ogawa2 

(1Graduated School of Science, Okayama University of Science, 2Graduate School of Hum. 

and Sci., Nara Women’s University) 

11:45 - 12:05     

“Field Ion Microscope Observation of Organic Molecules on Tungsten Surface” 

Yasuhito Gotoh, Susumu Hogyoku, and Hiroshi Tsuji 

(Department of Electronic Science and Engineering, Kyoto University) 

 

Session 5                                      Chair：Dr. Takanori Koshikawa 

12:45 - 13:15    (Invited talk) 

“Transmission secondary ions mass spectrometry of an amino acid using 5 MeV C60 ions” 

K. Nakajima1, K. Nagano1, M. Suzuki1, K. Narumi2, Y. Saitoh2, K. Hirata3, and K. Kimura1 

(1Department of Micro Engineering, Kyoto University, 2Takasaki Advanced Radiation 

Research Institute, JAEA, 3National Metrology Institute of Japan, AIST) 

13:15 - 13:35     

“Enhancement of secondary ion emission from solid hydrogen films at cryogenic 

temperature” 

Taku Suzuki 

(National Institute for Materials Science) 

13:35 - 13:55     

“Determination of Potential Gradient near and Space Charge Potential at the Interface 

between Electrolyte and Electrode of Li Ion Battery by Means of ERD-RBS Techniques” 

Kenji MORITA1, Bun TSUCHIYA2, Takehisa KATO3, Yasutoshi IRIYAMA3, Hideji 

TSUCHIDA4, Takuya MAJIMA4 

(1Nagoya Industrial Science Research Institute, 2Meijo University, 3Nagoya University, 
4Kyoto University) 

 

Session 6                                          Chair：Dr. Daiichiro Sekiba 

14:05 - 14:25     
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“Study of hydrogen depth distributions by resonant nuclear reaction analysis toward the 

clarification of the reliability degradation of semiconductor devices” 

Riichiro Takaishi1, Yusuke Higashi1, Masamichi Suzuki1, Yuichiro Mitani1, Mitsuhiro 

Tomita1, Masuaki Matsumoto2, Shohei Ogura2, and  

Katsuyuki Fukutani2 

(1Corporate R&D Center, Toshiba Corporation, 2Institute of Industrial Science, University 

of Tokyo) 

14:25 - 14:45     

“Temperature dependence of ESD rate from KBr(001) surface measured by fast proton 

scattering technique” 

Y. Fukazawa and Y. Susuki 

(Division of Science Education, Osaka Kyoiku University) 

14:45 - 15:05     

“Real-time observation of thermal relaxation of ion damage by synchronized positron probe 

analysis” 

H. Tsuchida1,2, S. Mizuno1, H. Tsutsumi1, A. Kinomura3, R. Suzuki3 and  

A. Itoh1,2 

(1Department of Nuclear Engineering, Kyoto University, 2Quantum Science and 

Engineering Center, Kyoto University, 3National Institute of Advanced Industrial Science 

and Technology (AIST)) 
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The 17th Japanese Symposium on Accelerator Mass 
Spectrometry 
 
Date: March 2－3 (Mon.－Thu.), 2015 
Place: University Hall, University of Tsukuba 
 
Host Organization：Tandem Accelerator Complex, University of Tsukuba 

The Japan Society for AMS Research 
 
 

Program 
 
2 March 2015 
 
Opening Remarks  T. Nakamura (Nagoya University) 
 

Session 1: Status report and development 1 
(Chair: K. Sasa, H. Matsumura) 
 
1－1 Status and Application of AMS System at Nagoya University (2014) : T. Nakamura 

(Nagoya University) 
 
1－2 Installation of compact AMS to the University of Tokyo : M. Yoneda (The University of 

Tokyo) 
 
1－3 Development of 236U-AMS – Identification of interference components : K. Nakashoji 

(The University of Tokyo) 
 
1－4 Development of 36Cl-AMS using the PHITS code and measurement of cosmogenic 

nuclides : D. Izumi (University of Tsukuba) 
 
1－5 Development of GC-AMS system and performance of automatic sample preparation 

system for 14C-AMS at the University of Tsukuba : T. Matsunaka (University of Tsukuba) 
 
 

Session 2: Application 1 
(Chair: A. Sakaguchi) 
 
2－1 The variation of 129I deposition in Tsukuba region : M. Watanabe (University of Tsukuba) 
 
2－2 Behavior of dissolved radionuclides and ions in riverine water after the FDNPP accident : 

R. Tomita (University of Tsukuba) 
 
2－3 Study of iodine dynamics in soil by analysis of 129I/127I ratio : W. Kijima (The University 

of Tokyo) 
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2－4 The speciation analysis for iodine in seawater : E. Tanaka (The University of Tokyo) 
 
2－5 Comparison of 129I/127I ratio between marine fishes and seawater : H. Kusuno (The 

University of Tokyo) 
 
 

Session 3: Application 2 
(Chair: K. Sueki) 
 
3－1 Establishment of the estimation method of the date of birth by using tooth enamel, root 

organic and inorganic matter of Japanese : K. Kunita (Nagoya University) 

 
3－2 High precision radiocarbon dating of charred materials using ABOx-SC treatment 

S. Tomiyama (Nagoya University) 
 
3－3 Rapid change of sedimentation rate from Lake Baikal sediment core corresponding with 

the global climate warming 
F.W. Nara (Tohoku University) 

 
3－4 Geochronology and geochemistry of past tsunami sediments 

T. Watanabe (Tohoku University) 
 
 

Special lecture 1 
 (Chair: T. Nakamura) 
 
S－1 Introduction of KIGAM AMS Lab. and Related Facilities 

W. Hong (KIGAM) 
 
 

Poster Session 
 
P－1 An attempt on 14C dating of a cremated bone 

H. Mukumoto (Nagoya University) 

 
P－2 Design of the negative ion cooler 

Y. Miyake (The University of Tokyo) 
 
P－3 Development of degradation method of radionuclide in soil using pressure vessel 

M. Honda (University of Tsukuba) 
 
P－4  Determination of ultra-low 129I and 99Tc in soil samples by Triple Quadrupole ICP-MS 

M. Honda (University of Tsukuba) 
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P－5 14C age at the early Sporer minimum of tree-ring from the northern Japan 
M. Hakozaki (Nagoya University) 

 
P－6 Temporal changes in volcanic activity and iodine isotopic ratio at Zao volcano 

T. Matsunaka (University of Tsukuba) 

 
P－7 Basic knowledge for development of 90Sr-AMS 

Y. Satou (University of Tsukuba) 
 
P－8 Current Status of System Technology in the JAEA-AMS-TONO (2014) 

A. Matsubara (JAEA) 
 
P－9 Continuous research of 129I contamination in the chemical sample preparation room for 

AMS 
M. Matsumura (University of Tsukuba) 

 
P－10 Possibility of radiocarbon dating to bronze implement and application to a bronze bell 

called Dojoji Kanemeki Doutaku 
H. Oda (Nagoya University) 

 
P－11 236U in the pan-Japan Sea area 

A. Sakaguchi (University of Tsukuba) 
 
 

3 March 2015 
 
 
Session 4: Status report and development 2  
(Chair: T. Matsunaka, A. Matsubara) 
 
4－1 Present status of the JAEA-AMS-TONO (2014) 

Y. Saito-Kokubu (JAEA) 
 
4－2 Status report of MALT, The University of Tokyo 

H. Matsuzaki (The University of Tokyo) 
 
4－3 Installation Status and Future Prospects of the 6 MV AMS system at the University of 

Tsukuba 
K. Sasa (University of Tsukuba) 

 
4－4 Current status of the Compact AMS system at Paleo Lab Co., Ltd. (2014) 

M. Sato (Paleo Labo Co., Ltd.) 

 
4－5 Status report of Single Stage AMS at Atmosphere and Ocean Research Institute, The 

University of Tokyo 
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Y. Miyairi (The University of Tokyo) 
 

Special lecture 2 
 (Chair: K. Sasa) 
 
S－2 The Contribution of AMS to the Study of West Asian Archaeology 

A. Tsuneki (University of Tsukuba) 
 
 

Special lecture 3 
(Chair: H. Matsuzaki) 
 
S－3 The Installation of the 6 MV tandem AMS/IBA accelerator recently installed at Tsukuba 

University 
M.V. Mores (NEC) 

 

Session 5: Application 3 
(Chair: T. Watanabe, M. Hakozaki) 
 
5－1  Temporal change in bomb-produced radiocarbon in the North Pacific in the past two 

decades derived from repeat hydrography 
Y. Kumamoto (JAMSTEC) 

 
5－2 Contribution of Dead carbon source to fluctuate DI14C in Lake Biwa water 

Y. Miyata (Kanazawa University) 
 
5－3 RICE-W (Radiocarbon Intercomparison on Chemical Experiments, Water series) 

program-An interim report- 
H.A. Takahashi (AIST) 

 
5－4 The indirect radiocarbon dating using microscope observation and bibliographical 

consideration of calligraphy 
H. Oda (Nagoya University) 

 
5－5 Distribution of 129I in the Arctic and North Pacific Ocean 

H. Nagai (Nihon University) 
 
 
Closing Remarks  K. Sasa (University of Tsukuba) 
 
 
Facility tour (6 MV AMS system, Sample preparation room) 
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8. 

LIST OF PERSONNEL 

 



 



 

Tandem Accelerator Complex 

 

E. Kita  Director, Professor 

K. Sasa  Associate Professor 

D. Sekiba Lecturer 

T. Moriguchi Assistant Professor 

H. Oshima Electrical Engineer 

Y. Tajima  Mechanical Engineer 

S. Ishii  Mechanical Engineer 

T. Takahashi Electrical Engineer 

Y. Yamato Electrical Engineer 

T. Matsunaka Research Fellow 

M. Matsumura Research Supporter 

M. Ohyama Administrative Staff 

N. Yamada Administrative Staff 

H. Muromachi Administrative Staff 

 

Research Members1 

 

Inst. of Physics 
I. Arai   K. Sasa   D. Nagae   A.Ozawa  
 

Inst. of Applied Physics 
K. Akimoto  S. Selvakumar  E. Kita   M. Minagawa 

D. Sekiba   T. Suemasu  S. Tomita   A. Uedono 

H. Yanagihara  Y. Watahiki   

 

Inst. of Materials Science 
T. Kondo   M. Takahashi 

 
Inst. of Geoscience 
M. Kurosawa 

 
Inst. of Chemistry 
K. Sueki   A. Sakaguchi 

 

Staff of Open Advanced Facilities Initiative 
                                                      
1 The “research members” include the authors and coauthors within 5 years back from this fiscal year, as well as the 
members of research projects running at UTTAC. 
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H. Kudo   H. Naramoto  M. Sataka  A. Yamazaki 

H. Muromachi 

 

Graduate students 

 

Doctoral Programs of Pure and Applied Science 
Y. Abe   S. Fukuoka  I. Harayama   Y. Ishibashi  

K. Kurita   S. Kimura  M. Mukai  M. Honda  

Y. Satou 

 

Master’s Programs of Pure and Applied Science 
F. Arai   H. Alima   R. Aoyama  A. Horiuchi 

D. Izumi   Y. Ichikawa  Y. Liu   S. Maeda  

K. Sawahata   

 

Undergraduates 

 

E. Noguchi  T. Tamura  R. Tomita  M. Watanabe 

 

Scientific Gutests and Fellows 

 

K. Awazu  National Institute of Advanced Industrial Science and Technology (AIST) 

M. Fujimaki  National Institute of Advanced Industrial Science and Technology (AIST) 

Y. Tosaki   National Institute of Advanced Industrial Science and Technology (AIST) 

T. Hayakawa  Japan Atomic Energy Agency (JAEA) 

T. Shizuma  Japan Atomic Energy Agency (JAEA) 

S. Kubono  Center for Nuclear Study, the University of Tokyo (CNS) 

A. Sato   Osaka University 

A. Yamamoto  High Energy Accelerator Research Organization (KEK) 

T. Adachi  High Energy Accelerator Research Organization (KEK) 

M. Yoshida  High Energy Accelerator Research Organization (KEK) 

N. Kawamura  High Energy Accelerator Research Organization (KEK) 

K. Shimomura  High Energy Accelerator Research Organization (KEK) 

P. Strasser  High Energy Accelerator Research Organization (KEK) 

T. Nakamoto  High Energy Accelerator Research Organization (KEK) 

M. Iio   High Energy Accelerator Research Organization (KEK) 

K. Yoshimura  High Energy Accelerator Research Organization (KEK) 

H. Matsumura  High Energy Accelerator Research Organization (KEK) 

N. Kinoshita  SHIMIZU Corporation 
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