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The 170 GHz transmission line (TL) for the electron
cyclotron heating and current drive (EC H&CD) system in
ITER requires more than 90% power transmission
efficiency from the gyrotrons to the plasma using about 100
m length corrugated waveguides. For high transmission
efficiency, the good purity of HE;; mode is necessary
(95%). In this study, the transmission mode in the 170 GHz
high power long transmission test line for ITER, which
consists of the 63.5 mm corrugated waveguides, was
measured and the effect of higher order modes (HOMs) in
ITER’s transmission line is discussed.

The millimeter wave beam was generated by the 170
GHz high power gyrotron [I] and coupled into the
corrugated waveguide through the Matching Optics Unit
(MOU) constructed with two phase correcting mirrors. The
power is transmitted to the dummy load. Two high power
transmission test lines were prepared. One is a short range
TL (7 m) and the other is a long range TL (40 m) as shown
in Fig. 1. The direction of the RF power is selected by the
waveguide switch. The TL system has 7 miter bends
including the waveguide switch in the long range TL.

Gyrotron

Long range TL (40m)

[Tl

Waveguide switch
g eI

el

Outlet of long range TL
RF pattern Measurement

Shortrange TL (7m)

Qutlet of short range TL

RF pattern Measurement

Fig. 1. Schematics of JAEA transmission test line. The
diameter of the waveguide was 63.5 mm.

Using measured IR patterns, the mode content was
retrieved using the MIT codes. A set of linearly polarized
(LP) modes is used. In this analysis, the four LP modes are:
fundamental mode LPy; (HE;;), LP;; (even and odd), and
LPy, (HE;;) modes. There was a small difference in the
mode content between long TL and short TL. This indicates
that the mixture of HE;, and LP,;; modes could be
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transmitted through the TL without significant mode
conversion loss.

When two or more modes travel together down the
waveguide, the center of the microwave beam will, in
general, be offset from the axis. Also, when the modes
reach the end of the waveguide, they will radiate into space
with a tilt angle. The offset and tilt angle may be a problem
in the launcher / antenna system for plasma heating and
current drive. The case of two modes traveling in the
waveguide has been analyzed in a recent paper by Kowalski
et al. [2]. The paper shows that the offset varies with
distance along the waveguide as a cosine wave, while the
tilt angle varies as a sine - that is, the tilt angle is ninety
degrees out of phase with the offset. With proper
normalization, the square of the offset and the square of the
tilt angle can be added to express a conservation theorem
[2]. The variation of offset and tilt angle repeats with
distance down the waveguide at the beat wavelength of the
two modes. For the present case, we have most of the
power in two modes - the HE; mode and the LP;; mode -
but there is still significant power in a series of higher
modes. For the present case, the experimental values of the
tilt angle and offset are plotted vs. extended waveguide
length in Figs. 2 and 3 respectively. We also show fits to
the tilt angle and offset using sine/cosine functions with a
periodicity of 5 meters, which is the beat wavelength of the
two major modes (LPy; and LP;;). The measured values of
tilt and offset agree well with the theoretical sine/cosine
curve fits. We see from these results that as the microwaves
propagate down the waveguide, they will always have some
amount of either tilt or offset or both.
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Fig.2. Dependence of tilt
angle of radiated beam on
length of extended

waveguide.

on length of extended
waveguide.

Thus the LP;; mode generated at the TL input could
affect the beam at the TL output which is an input for the
launcher. The initial coupling efficiency at the MOU is
important to improve the radiation characteristics from the
launchers.

The research at MIT was supported by the US DOE
OFES and the US ITER Project Office.

[1] K. Sakamoto et al., Nature Phys. 3, 6 (2007), p. 411.
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Waves, Busan, Korea, Paper R2D01, IEEE Conf. Proc.,
Sept. 2009.
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Fig.3. Dependence of offset of
beam center at waveguide outlet
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1) Y.Okaetal., Rev. Sci. Instrum. 77(2006)03A538
2) Y. Okaetal., Rev. Sci. Instrum. 79(2008)02C105
3) Y. Okaetal., Rev. Sci. Instrum. 75(2004)1803
4) Y. Okaetal., Rev. Sci. Instrum. 73(2002)1054

Table I. Tungsten filament weight loss and Cesium weight loss for LHD ion source

Ion source

[S-1A IS-1B IS-1A IS-1B IS-2A 1S-2B IS-3A IS-3B

Run No. 10-a 10-b 10-b 10 10 10 10
W loss rate (mg/shot/source) 0.12 e 0.28 023 052 03
W atoms/shot/source (X 10'5) 039 -+ 091 075 17 098
Coverage of W/shot/source (monolayer) 0.015 - 0.035 0.028 0.065 0037
Cs loss rate (mg/shot/source) 0.4 1.58 1.57 0.62 0.6 0.17 0.31
Cs atoms/shot/source (X 10'%) 7.18 7.13 23 27 0.77 14
Coverage of Cs/shot/source (monolayer) 1.04 1 0.4 039 011 02
Ratio of Cs coverage to W coverage 69 LLLI | 13 1.6 54
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Fig. 1 Neutral pressure dependence of time evolution of /4 at » = 60 mm.
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Fig. 2 The averaged value of /i and fluctuaion level as a function of
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Fig. 1. Schematic showing application of CHI in
NSTX (a), fast camera fish-eye image of the
plasma during the early phase (b) and later in time
of the CHI start-up discharge (c).
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Fig. 2. Time evolution of the toroidal current /,
(a), Doppler ion temperature 7;p (b) and CIII ion
flow velocity (c)
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Fig. 1 OH clamp experiments in NSTX. (a) the plasma current,(b) RF
power, (c) the internal inductance,(d) the surface loop voltage, (e)
plasma energy, and (f) Ohmic coil current. (#115448 and #116449: RF
with OH clamp. #116461 No RF with OH clamp.)
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Fig. 2. OH clamp experiments in NSTX. (a) the plasma current,(b) NBI
power, (c) the internal inductance,(d) the surface loop voltage, (e) plasma
energy, and (f) Ohmic coil current. (#116463 and #116464: NBI with OH
clamp. #116465 No OH clamp.)
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distributions obtained from the two-dimensional
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be observed with temperatures > 30 keV.
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Fig.1. Time evolution of the dominant two modes and the
co-injected beam ion density at various minor radius”.

Fig.2. Three-dimensional eigenmode structure for a TAE
mode in LHD?.

1) Y. Todo, H. L. Berk, and B. N. Breizman, Phys. Plasmas
10, 2888 (2003).

2)Y. Todo, H. L. Berk, and B. N. Breizman, to appear in
Nucl. Fusion 50 (2010).

3)D. A. Spong, E. D’Azevedo, and Y. Todo, Phys.
Plasmas 17, 022106 (2010).
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speed measured by using the NEC SX-7/160M5
system (after Ref. [1]).
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Fig. 2. Potential [(a) and (b)] and temperature [(c) and
(d)] fluctuations found in the slab ETG mode
simulation during turbulent [(a) and (c)] and quiescent
[(b) and (d)] phases (after Ref. [2]).

1) T.-H. Watanabe, Y. Todo, and W. Horotn, Plasma
Fusion Res. 3, (2008) 061.

2) M. Nakata, T.-H. Watanabe, H. Sugama, and W.
Horton, Phys. Plasmas 17, 042306 (2010).



JIFT Workshops on Theoretical Analyses in Helical Plasmas

Category: JIFT
Year/Number: 2004-JF1-01
Names: D. Monticello (PPPL), N. Nakajima (NIFS)

Dr. Monticello and Dr. Nakajima organized a series of
two workshops on theoretical physics issues in 3D toroidal
magnetic confinement systems.

1. First workshop (Princeton, 2002)

A workshop entitled “Theoretical Consideration on
Helical Plasmas” organized by Dr. Nakajima (NIFS) and
Dr. Monticello (PPPL) was held in Princeton on November
18-21, 2002. Sixteen talks were presented. The talks
focused mostly on stellarator experiments that were
operating at the time of the conference (LHD, Heliotron-J,
W7-AS, and HSX) and on proposed experiments such as
QPS, W7-X, and NCSX. A synopsis of all the talks was
prepared by Nakajima and Monticello and published in the
May 2003 edition of Stellarator News [1]. The talks were
posted on the workshop website [2]. Several results from
this workshop are shown in Figs. 1-3 here.

2. Second workshop (Kyoto, 2005)

A follow-on workshop, entitled “Progress of
theoretical analyses in three dimensional configurations,”
with the same two organizers, was held in Kyoto on
January 25-27, 2005. There were five participants from the
US and seventeen from Japan. The US representatives were
A. Boozer (Columbia), C. Hegna (Wisconsin), L.
Sugiyama (MIT), A. Ware (Montana), and D. Monticello
(PPPL). The talks covered a wide range of stellarator
physics, including equilibrium, MHD stability, kinetic
stability, pellet ablation, and edge physics. Probably most
interesting were the details of theoretical analyses of the
experiments on the Large Helical Device (NIFS) that
attained plasma beta of 4.2%. A report on the workshop,
with a synopsis by the US participants, was presented to
the US stellarator physics community on February 10, 2005,
as part of the National Stellarator Theory seminar series.
The talks were posted on the workshop website [3]. This
information was also announced in Stellarator News.

A pellet is deformed by nonuniform heat flux on the
mllet surface.

(Prossure]

Equator

NG\

¥\ W\

Fig. 1. Pellet deformed by non-uniform heat flux [from a
talk by R. Ishizaki, R. Nakajima, and P. B. Parks)]
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Fig. 2. NCSX divertor model with field line traces [from
talk by A. Grossman et al.)]

land Control

Fig. 3. Local Island Divertor (LID) using m/n = 1/1
[from talk by R. Kanno]

[1] http://www.ornl.gov/sci/fed/stelnews.

[2] http://www.pppl.gov/ncsx/Scientificconf/JIFT/JIFT.html

[3] http://www.center.iae.kyoto-
u.ac.jp/kondok/meetings/jift/presentations.html




Micro-Instability Analysis of Toroidal Confinement Devices

Category: JIFT

Year/Number: 2004-JF1-04

Names: G. Rewoldt (PPPL), H. Shirai (JAEA), N.
Nakajima (NIFS)

Dr. Rewoldt has been involved in three general areas
of work for the Joint Institute for Fusion Theory program.
He made many trips to Japan under its auspices. These
areas of research were:

(1) Ideal MHD equilibrium and stability analysis of
stellarator/heliotron devices, in particular Heliotron-E,
using the STEP code, a modified version of the PEST code,
which implements the so-called stellarator expansion. This
work was done in collaboration with J.L. Johnson (PPPL),
M. Wakatani and Y. Nakamura (Kyoto University Plasma
Physics Laboratory), and others, over the period from 1985
to 1991.

(2) Linear and quasi-linear gyro-kinetic micro-
instability analysis of the JT-60U tokamak using the FULL
code, in collaboration with K.W. Hill, W.M. Tang, and
others (PPPL) and H. Shirai, Y. Kishimoto, and many
others (JAERI). This work involved calculations of linear
growth rates and real frequencies and ratios of quasi-linear
fluxes, using realistic experimental density and temperature
profiles and MHD equilibria, over the period from 1999 to
2005.

(3) Linear gyrokinetic micro-instability analysis of the
LHD stellarator using the FULL code, in collaboration with
L.-P. Ku and W.M. Tang (PPPL), W.A. Cooper (CRPP-
EPFL), and H. Sugama, N. Nakajima, K.Y. Watanabe, S.
Murakami, H. Yamada, and many others (NIFS), over the
period from 2000 to 2003. In these calculations, modes
such as trapped-electron modes and ion temperature
gradient modes can be unstable, with contributions from
both toroidal curvature and helical curvature to resonances
of both toroidally trapped and helically trapped electrons.

Numerous publications resulted from these joint
collaborations. Selected papers are listed below [1-5].

[1] R. Nazikian, K. Shinohara, G.J. Kramer, E. Valeo, K.
Hill, T.S. Hahm, G. Rewoldt, S. Ide, Y. Koide, Y.
Oyama, H. Shirai, W. Tang, ‘“Measurement of
Turbulence Decorrelation during Transport Barrier
Formation in a High Temperature Fusion Plasma,”
Phys. Rev. Lett. 94, 135002 (2005).

[2] H. Takenaga, S. Higashijima, N. Oyama, L.G. Bruskin,
Y. Koide, S. Ide, H. Shirai, Y. Sakamoto, T. Suzuki,
K.W. Hill, G. Rewoldt, G.J. Kramer, R. Nazikian, T.
Takizuka, T. Fujita, A. Sakasai, Y. Kamada, H. Kubo,
and JT-60 Team, “Relationship between particle and
heat transport in JT-60U plasmas with internal
transport barrier,” Nuclear Fusion 43, 1235-1245
(2003).

[3] G. Rewoldt, L.-P. Ku, W. M. Tang, H. Sugama, N.
Nakajima, K. Y. Watanabe, S. Murakami, H. Yamada,
and W. A. Cooper, “Microinstability Studies for the
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Large Helical Device,” Nuclear Fusion 42, 1047-1054
(2002).
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Fig. 1. Quasilinear particle flux I" and energy flux
Q as functions of the electron temperature gradient
parameter, compared to experimental values. [from
Ref. 3]

[4] G. Rewoldt, L.-P. Ku, W.M. Tang, H. Sugama, N.
Nakajima, K. Y. Watanabe, S. Murakami, and H.
Yamada, “Drift Mode Calculations for the Large
Helical Device,” Phys. Plasmas 7, 4942-4947 (2000).

[5] Y. Sakamoto, T. Suzuki, S. Ide, Y. Koide, H.
Takenaga, Y. Kamada, T. Fujita, T. Fukuda, T.
Takizuka, H. Shirai, N. Oyama, Y. Miura, K.W. Hill,
G. Rewoldt, and JT-60 Team. “Properties of Internal
Transport Barrier Formation in JT-60U,” presented at
19th IAEA Fusion Energy Conference 2002; Nucl.
Fusion 44, 876-882 (2004).



Effect of Resistive Wall on External Kink Modes

Category: JIFT
Year/Number: 2004-JF1-06
Names: M.S. Chu (GA), K. Ichiguchi (NIFS)

Dr. Chu from General Atomics spent three months at
NIFS as the JIFT Visiting Professor (September 1-—
November 31, 2004). During this time, he performed
research in collaboration with Dr. K. Ichiguchi concerning
the possibility of resistive wall modes in 3D magnetic
confinement configurations.

The external kink mode is one of the most serious
instabilities that affect plasma confinement. Its growth rate
is usually fast, outside the range of feasibility for plasma
control. The external kink mode can be stabilized by the
presence of a nearby perfect conducting wall. When the
resistivity of the wall is taken into account, the external
kink mode is changed into the resistive wall mode (RWM).
Its growth rate then reduces to the inverse of the flux
diffusion time through the resistive wall. The RWM with
its slower growth rate can be stabilized either by plasma
rotation or magnetic feedback. In configurations without
toroidal symmetry, plasma rotation is relatively small and
not expected to stabilize the RWM. Therefore, magnetic
feedback must be relied upon to stabilize the RWM in non-
axisymmetric configurations. As preparation for the design
for feedback control of the RWM, the growth rate of the
RWM in these configurations was investigated.

A method was formulated for the systematic
computation of the growth rate of the RWM in weakly
unstable 3D configurations by using results from ideal
stability codes. It was shown that the growth rate of the
RWM is given, approximately, by the rate at which the
available free energy for the ideal external kink mode (with
the wall at infinity) can be dissipated by the resistive wall.
By relying on the concepts of energy and dissipation, the
method is readily connected with other MHD codes and
provides an independent and useful method of studying the
physics of RWM.

This formulation was demonstrated by coupling to the
ideal MHD code KSTEP to study the stability of the RWM
in LHD plasmas. It is found that in terms of plasma current,
a very limited range of the plasma equilibria can have its
external kink mode affected by the presence of the resistive
wall, i.e., the plasma quickly transits from being stable with
respect to the external kink mode to being unstable even
when the wall is upon on the plasma. Nevertheless, it was
demonstrated that the proposed method can be used to
evaluate the growth rate of the RWM in any 3D
configurations readily. The growth rate in the advanced
stellarators can also be calculated by employing full 3D
codes such as CAS3D and TERPSICHORE instead of the
KSTEP code.
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Fig. 1. Radial profile of the plasma displacement of the
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Fig. 2. Computed growth of the Resistive Wall Mode
(RWM) as a function of the wall position [from Ref. 1].

[1] M. S. Chu and K. Ichiguchi, “Effect of the resistive
wall on the growth rate of weakly unstable external
kink mode in general 3D configuration,” Nucl. Fusion
45, 804 (2005).
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1) S. Takahashi, H. Kawai, Y. Ohsawa, S. Usami, C. Chiu,
and W. Horton, Phys. Plasmas 16, 112308 (2009).

2) S. Takahashi and Y. Ohsawa, Phys. Plasmas 14, 112305
(2007).

3) S. Takahashi, M. Sato, and Y. Ohsawa, Phys. Plasmas 15,
082309 (2008).

4) H. Hasegawa and Y. Ohsawa, Phys. Plasmas 12, 012312
(2005); H. Hasegawa, K. Kato, and Y. Ohsawa, ibid. 12,
082306 (2005).

5) N. Bessho and Y. Ohsawa, Phys. Plasmas 6, 3076
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Analysis of Axisymmetric Equilibria with Flows in Non-Ideal Fluid Models

Category: JIFT

Year/Number: 2005-JF1-05

Names: A. Ito (NIFS), N. Nakajima (NIFS), J.J.
Ramos (MIT)

Dr. Ramos visited NIFS in the summer of 2005 and
carried out theoretical studies in collaboration with Dr. Ito
and Prof. Nakajima to investigate properties of
axisymmetric plasma equilibria with mass flows, within the
framework of several non-ideal fluid models.

1. Ellipticity of Axisymmetry Equilibria with Flow and
Pressure Anisotropy

The first part of the work was based on a Hall-MHD
model with cold ions, zero-mass electrons and finite
electron pressure anisotropy [1]. This model included a
closure consistent with dynamical evolution equations for
the parallel heat fluxes and yielded a homogeneous plasma
dispersion relation identical to the one derived from kinetic
theory. The ellipticity criteria for the partial differential
equations of axisymmetric single-fluid and Hall
magnetohydrodynamic (MHD) equilibria with flow and
pressure anisotropy are investigated. In the limit of
vanishing ion skin depth, it reduces to a single-fluid model
with anisotropic pressure, which predicts mirror and
firechose instability thresholds in agreement with kinetic
theory. In the single-fluid description of plasmas,
axisymmetric toroidal equilibria with flow are obtained by
solving the so-called generalized Grad-Shafranov (GS)
equation and the Bernoulli law. In the absence of poloidal
flow, the equilibrium is elliptic if the kinetic stability
conditions for the firechose and mirror modes are satisfied.
Conditions for ellipticity of the axisymmetric toroidal
equilibria with flows were derived and shown to be related
to the velocities of waves in the kinetic-consistent
dispersion relation. These conditions are different from
those for the double-adiabatic Chew-Goldberger-Low
model. For anisotropic Hall MHD, a set of anisotropic-
pressure equilibrium equations has been derived. It consists
of the coupled GS equations for the magnetic flux and the
ion stream function and the Bernoulli law for ions. Unlike
the isotropic case, in the presence of pressure anisotropy,
the characteristic determinants for each GS equation are
coupled and cannot be examined their ellipticity separately.
One can find the conditions for ellipticity of such systems
involving higher order derivatives by examining the
existence of wave type solutions, a method also applicable
to second order differential equations. If we consider a
wave propagating in one-dimensional space and time and
having discontinuity across the wave front, ellipticity of the
coupled GS equations requires the non-existence of real
values of the velocity of the wave front. A sufficient
condition for ellipticity was obtained that corresponds to a
poloidal flow velocity slightly smaller than the sound
velocity.
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2. High-Beta Axisymmetric Equilibria with Flow

The second part of the work was devoted to reduced-
MHD models with high-beta and large-aspect-ratio
orderings [2]. In improved confinement modes of
magnetically confined plasmas where high-beta is achieved,
equilibrium flows play important roles like the suppression
of instability and turbulent transport. At the sharp boundary
of a well-confined region, the scale lengths characteristic of
microscopic  effects not included in single-fluid
magnetohydrodynamics (MHD) cannot be neglected. Small
scale effects on flowing equilibria due to the Hall current
have been studied with two-fluid or Hall MHD models.
However, these models are consistent with kinetic theory
only for cold ions [1]. In order to include the hot ion effects
that are relevant to fusion plasmas, an extension of the
model is necessary. A consistent treatment of hot ions in a
two-fluid framework must include the ion gyroviscosity
and other finite Larmor radius (FLR) effects. A two-fluid
equilibrium system including Hall and finite ion Larmor
radius effects was derived for flows comparable to the
poloidal Alfven velocity, showing that the ion
gyroviscosity produces a shift of the Alfven singularity. A
single-fluid system was derived for flows comparable to
the poloidal sound velocity, a case that requires keeping
higher-order terms in the aspect ratio expansion before the
singular velocity points can be shown. Since the
formulation of higher-order equations is involved, here we
restricted our analysis of the poloidal-sonic flow to the
single-fluid case, planning to extend our present results
with the inclusion of two-fluid, hot ion effects in future
work. The singularity at a poloidal flow velocity equal to
the poloidal sound velocity was recovered in the higher
order equations. The orderings in this study provide the
simplest models that include ion FLR effects on toroidal
equilibria with flow. As such, they should be just
considered as convenient working hypotheses that allow
our analytic study of such effects. The resulting equations
can be easily solved numerically to yield flowing equilibria
without singularity and their solutions can be used as initial
states or for comparison with saturated states of reduced
model nonlinear simulations.

[1] A. Ito, J.J. Ramos and N. Nakajima, “Ellipticity of
axisymmetric equilibria with flow and pressure
anisotropy in single-fluid and Hall
magnetohydrodynamics,” Phys. Plasmas 14, 062502
(2007).

A. Tto, JJ. Ramos and N. Nakajima, “High-Beta
Axisymmetric Equilibria with Flow in Reduced
Single-Fluid and Two-Fluid Models,” Plasma Fusion
Res. 3, 034 (2008).

(2]
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Fig.1: Isosurface of the pressure in the MHD simulation
of LHD. The flute-like structures represent growth of
the ballooning-modes.

Fig.2: Test particle simulations with a vortex.

1) H. Miura et al, Fusion Sci. & Tech. Vol.51 (2007) 8-
19.

2) H. Miura et al. AIP Conference Proceedings Vol.871
(2007) pp.157-168

3) H. Miura and N. Nakajima, to appear in Nuclear
Fusion (2010).

4) H. Miura and N. Nakajima, submitted to 23 TAEA
FEC (Oct. 2010, Dajeon, Korea)

5) W. Horton, C. Correa, H. Miura, B. Rodenborn, Bull.
2009 APS April Meeting Vol.54 .
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Fig. 1. Spatial profiles of terms of the force balance

equation (Eq.(2)) for ion and analytic solution
1 0lly;

(Eq.(1)) of =

reconnection point. Red, green, blue, magenta, sky

blue and orange lines show E,, —(uxB),,

1 0l 1 0y, . ) )
m(uV)u,/q, ——==, q_nf)_yyz in the simulation result,

qn 0x
. . 10
and analytic solution of . ayz

along y direction through the

, respectively.

1) H.Ohtani, W.Horton, T.Petrosky and R.Horiuchi: J.
Plasma Fusion Res. SERIES, Vol 8§, (2009), pp.203-207.
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Fig.1. Magnetic flux of the penetrated error field [y, (7)]

versus the rotation speed at the rational surface.
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1) M. Furukawa and L. —-J. Zheng, Nucl. Fusion 49
(2009) 075018; The 22th IAEA Fusion Energy Conference,
TH/P9-13 (2008).

2) M. Furukawa, S. Tokuda and L. —J. Zheng, Phys.
Plasmas (accepted, 2010); The 50th Ann. Meeting Div.
Plasma Phys., American Phys. Soc., CP6.73 (2008).

3) L. -J. Zheng and M. Furukawa, Phys. Plasmas (accepted,
2010) ; L. —J. Zheng and J. W. Van Dam, The 51th Ann.
Meeting Div. Plasma Phys., American Phys. Soc., UP8.84
(2009).



JIFT Workshop on Gyrokinetic Simulation of Plasma Transport

Category: JIFT
Year/Number: 2007-JF1-1
Names: T. S. Hahm (PPPL), H. Sugama (NIFS)

This workshop was held at the High Temperature

Plasma Center, Kashiwa Campus, The University of Tokyo,

September 24 and 25, 2007.

The workshop consisted of 4 sessions: (I) Recent
Progress in Gyrokinetic Simulation, (II) Theory and
Experiments on Momentum Transport, (III) Theory and
Simulation of Electric Fields and Flows, and (IV) Multi-
Scale Physics, New Fluid Simulation.

In addition, there was a special lecture entitled
“Plasma Waves and Instabilities in Shear Flow—A Frontier
of Functional Analysis beyond von Neumann’s Theorem.”
Talks were presented by 11 scientists from Japan, 2 from
US, and 2 from EU. Recent results from theoretical and
simulation studies about plasma transport based on
gyrokinetic and gyrofluid models were reported.
Comparative studies of theoretical modeling and
experimental results of toroidal momentum transport in
tokamaks and helical systems were made. Also, topics such
as zonal flows, geodesic acoustic modes, and multi-scale
interactions in ion temperature gradient (ITG) turbulence
were discussed.

Several papers that were subsequently published
acknowledged simulating scientific exchanges during this
workshop. One such paper [1] presented a refined
formulation of the gyrokinetic equations for plasmas with
large flow shears caused by an equilibrium electric field.
Through the choice of a more suitable equilibrium drift
velocity for the reference frame of a charge particle, the
accuracy of the gyrokinetic equations can be significantly
improved. Another paper [2] showed the derivation of an
energy conserving set consisting of the fully
electromagnetic nonlinear gyrokinetic Vlasov equation and
Maxwell’s equations, where this set of equations is
applicable both to L-mode turbulence with large amplitude

and to H-mode turbulence in the present of large ExB shear.

A third paper [3] described how plasma parameter scans—
such as the plasma current, neutral beam heating power,
and electron density—had been used to obtain properties of
the toroidal momentum diffusivity and the convection
velocity in H-mode plasmas in the JT-69U experimental
facility.

[1] G. Kawamura and A. Fukuyama, “Refinement of the
gyrokinetic equations for edge plasmas with large flow
shear,” Phys. Plasmas 15, 042304 (2008).

[2] T.S. Hahm, Lu Wang, and J. Madsen, “Fully
electromagnetic nonlinear gyrokinetic equations for
tokamak edge turbulence,” Phys. Plasmas 16, 022305
(2009).
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Fig. 1. Time evolution of the particle energy as calculated
with a refined version of the gyrokinetic equations for
large flow shear, compared to the previous analysis of
Qin [from Ref. 1]
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Fig. 2. Comparison of the pinch velocity from modulation
experiments in JT-60U with that calculated from two
theories [from Ref. 3]

[3] M. Yoshida, Y. Kamada, H. Takenaga, et al.,
“Characteristics of momentum transport in JT-60U H-
mode plasmas,” Nucl. Fusion 49, 115028 (2009).
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Fig.1. Comparison of observed fast electron profiles
between Au and CH cone tips. (a) Beam intensity, (b)
energy spectrum and (c) angular spread (full width at half
maximum of angular distribution). In both cases the
ionization is considered.
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Fig.2. Temporal evolution of averaged electron (red) and
jon (blue) temperatures in the core region (p > 1 g/em’).
The solid lines stand for the CH cone case, the dashed lines
for the Au cone case.

Table I. Comparison of core heating properties

Au cone CH cone
Source energy [MJ/cm’] 7.34 15.26
Egep in cone* [MJ/cm’] 0.78 1.53
Ejgep in core* [MJ/cm?] 1.62 3.57
A<T> [keV] 0.057 0.13
A<T>  [keV] 0.055 0.11

*Edep is deposited energy of fast electrons
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Fig. 1: Heating efficiencies assuming the effective
confinement minor radius in the HSX.

[1] S. Murakami, et al., Nucl. Fusion 46, S425
(2006).
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Fig. 2: Minority ion distribution in the velocity space in the HSX at the three minor radius points;
r/a=0.1—-0.25 (left), r/a = 0.5 (center) and r/a = 0.75 (right).
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Reduced Nonlinear Dynamics for Turbulent Transport
In Toroidal Confinement Devices

Category: JIFT

Year/Number: 2008-JF1-12

Names: W. Horton (IFS Texas), H. Sugama (NIFS),
T.-H. Watanabe (NIFS)

In about 2000, we became interested in new techniques
to analyze ion temperature gradient (ITG) driven
turbulence. For the infinite chain of linked fluid transport
equations, we wanted to find a fluid closure that would
reproduce the most important aspects of the full gyrokinetic
equations. In the 1990s, we had completed a series of
studies of fluid turbulence theory and simulations for the
resistive-g mode and the Hasegawa—Wakatani drift wave
model. Our fluid simulations showed that nonlinear
interactions in the unstable spectrum produced sheared
azimuthal ExB flows and an oscillation in the parallel
thermal flux. The question was how to find an accurate
ITG gyrofluid model.

We wanted a new closure procedure with parallel heat
fluxes that would give accurate nonlinear energy

conservation laws and correct entropy production functions.

Using the unstable Vlasov-Poisson ion temperature
gradient (ITG) modes, we searched for closures that
reproduced the unstable and stable spectra. This implied
preserving the time-reversal symmetry of the collisionless
kinetic equation. After studying the closure of Mattor and
Parker (1997), we eventually found a closure that preserves
time reversibility and whose unstable-stable spectrum
agrees fairly well with that from the plasma dispersion
function of the exact kinetic equation. The key point is that
the new non-dissipative collisionless closure method
enabled the very accurate calculations of the parallel
thermal flux driven by temperature fluctuations that are
required.

Our result [1] led to a series of simulations and
derivations of reduced gyrofluid equations [2]. The most
recent concerned zonal flows driven by turbulence [3],
simulated with the GKV code.

The GKV code of Sugama and Watanabe is now
widely used for turbulence simulations. It solves for the
fluctuation distribution function directly on high-resolution
parallel velocity grids, which allows accurate tracking of
the phase and amplitude of higher order parallel velocity
moments. Comparison with the Hammett-Perkins closure
showed that the GKV solutions reproduce the radial
turbulent thermal flux more accurately.

During Horton’s three-month visit to NIFS in 2007 as
the JIFT Visiting Professor, the GKV code was
benchmarked on several large-scale parallel computers,
including Ranger at the University of Texas and Blue Gene
at ORNL. The code showed good linear scaling with the
number of processors.

This joint work is continuing. The new closure models
are now being used in the pseudo-spectral simulations with
ion-temperature-gradient and electron-temperature-gradient
turbulence gyrofluid models.
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Fig. 1. Time evolution of the zonal flow potential,
comparing kinetic and fluid results, as functions of (a)
time and (b) wave number. [from Ref. 3]

[1] H. Sugama, T.-H.Watanabe, and W. Horton,
“Collisionless kinetic-fluid closure and its application
to the three-mode ITG system,” Phys. Plasmas 8, 2617
(2001).

[2] H. Sugama, T.-H.Watanabe, and W. Horton,
“Comparison between kinetic and fluid simulations of
slab ITG driven turbulence,” Phys. Plasmas 10, 726
(2003).

[3] H. Sugama, T.-H.Watanabe, and W. Horton,
“Collisionless kinetic-fluid model of zonal flows in
toroidal plasma,” Phys. Plasmas 14, 022502 (2007).



Anisotropic Pressure Diffusion in the HINT Code

Category: JIFT
Year/Number: 2009-JF-9
Names: S. Hudson (PPPL), N. Nakajima (NIFS)

Dr. Hudson from PPPL spent three months at NIFS as
the JIFT Visiting Professor (summer 2009). During this
time, he performed research in collaboration with Dr. N.
Nakajima concerning how to realistically and efficiently
compute MHD equilibria in the presence of chaotic
magnetic fields.

Analyses of plasma behavior often begin with a
description of the ideal magnetohydrodynamic equilibrium,
this being the simplest model capable of approximating
macroscopic force balance. For perfectly axisymmetric
tokamaks this is a comparatively simple task, since a nested,
continuous family of flux surfaces exists, i.e. the field is
integrable. The ideal equilibrium equation can be reduced
to the Grad-Shafranov equation, and equilibria can be
found numerically. In contrast, for stellarators and
perturbed tokamaks, the magnetic fields are generally non-
integrable and a different approach is required.

Stellarators are designed to have good flux-surfaces,
but without a continuous symmetry, perfectly integrable
fields cannot be achieved. The HINT and HINT2 codes
developed at NIFS, and the PIES code developed at PPPL,
seek solutions to the ideal force balance equation in
stellarator geometry without assuming a nested family of
flux surfaces. HINT uses a relaxation algorithm, whereas
PIES is based on an iterative scheme with magnetic
coordinates. However, neither code adequately treats the
fractal structure of pressure in a chaotic field.

A generally chaotic field will be a fractal mix of KAM
surfaces, islands, and irregular field lines. Some field lines
trace out structures that are infinitely complex, such as the
unstable manifold. Interspersed between these irregular
field-lines are periodic orbits; arbitrarily small, high-order
island chains; and irrational field-lines, which may or may
not trace out smooth flux surfaces. Generally, there is no
region of space foliated with flux surfaces and magnetic
islands and irregular field-lines will emerge at the infinitely
many rational surfaces that exist between any pair of KAM
surfaces. When the field is chaotic, it is extremely difficult
to calculate the ideal MHD equilibrium.

In ideal force balance, the structure of the pressure is
tied to the structure of the field. Thus, a continuous,
nontrivial pressure has an uncountable infinity of
discontinuities in the pressure gradient. The equilibrium
solutions are pathological when the fields are chaotic and
therefore unsuitable for numerical calculations.

If the pressure and magnetic field are continuous, the
only nontrivial solutions have an uncountable infinity of
discontinuities in the pressure gradient and current. The
problems arise from the arbitrarily small length scales in
the structure of the field, and the consequence of ideal
force balance that the pressure is constant along the field-
lines. A simple method to ameliorate the singularities is to
include a small but finite perpendicular diffusion. A self-
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consistent set of equilibrium equations is then described.
Some algorithmic approaches aimed at solving these
equations were investigated.

There is nothing radical about approximating an ideal
MHD equilibrium by a resistive steady state, but we have
come to this conclusion by considering the impact of
chaotic fields on MHD equilibria, and requiring that the
pressure be continuous. Since the equilibrium solutions are
pathological when the field is chaotic, a nearly-ideal,
resistive steady state equilibrium is the simplest model
capable of computing coherent, self-consistent MHD
equilibria with continuous (and non-fractal) pressure. Work
towards implementing the anisotropic pressure diffusion
into the HINT code has begun. Our approach, which is both
computationally efficient and consistent with the structure
of the HINT code, is to use locally field aligned
coordinates that separate the large parallel transport from
the small perpendicular transport, and thus reducs so-called
“numerical diffusion.” We hope to present computational
results in the near future.

[1] S.R. Hudson and N. Nakajima, “Pressure, chaotic
magnetic fields, and magnetohydro-dynamic
equilibria,” Phys. Plasmas 17, 052511 (2009).
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B.D. Wirth (UC Berkeley), T. Diaz de la
N . = Rubia, W.G. Wolfer (LLNL), N.M.
2B RTLETY AR EA, fq: E.ﬁ‘:'z‘ffgmﬁ (i,f); Ghoniem, S. Sharafat (UCLA), H.L.
vy MY EDHZ (RK)EWF. = | foiniceh, F. Gao, R.J. Kurtz (PNNL)
{5 . R FFH (FILX) i ’
G.R. Odette (UCSB), R.E. Stoller
(ORNL)
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2R 1-1-A

EEEEE - FHE=ED. Petti
FriE : RIR K% INEEL

REITS Uy FEEE LT, BEAEN Flibe
(2LiF+BeF, JEEBMIE) Too45y ARSI T
V%, Flibe (XFRUERFIFRDREM & L THRAMNE
EIh, ZOBWHEZIBOATULEDLS, L2YE.
BICKE M) FOLBYFLOKBER Flibe/ hJFD
LIEZEHOMEIEIZTNIEETOATIEM D=,
Flibe D4 & LT, BED 459°C THLEVLWELDOD,
{EZMICRE. BFET. MHD $HEHMNESL, Ry
TE8AE LR TTH, FEF|. BHEMELTEA
TEHIENTEDZHRLH D, BH. PHFIETERE
HEFNIEFEELHL, TBR>1 ZERT EE=HIZIE
Be EMANETH S,
Flibe Z#%BEFE DB AHEEHME LTRRAT

PSR ) AERDE. BITRUFILL LAY
Ry kYT LEIREE RO 50 E R

DBBELILBBHRARDONTHEWN EMNRHES
NTUL =z, FI= Flibe FALTRT NEFEEL LT,
Li A#KRELTRYFOLIZRHDB E MY FHLIE
PRMNTE 455, BEMELTIZSAM FMIDER
NEZONDN, BEMD TF #EXFTHEKICT 51
HD Be BEADRERUNENAARITE CTHEINT,

BAMBAEEE Y& LT, (1)Flibe ER{REDHEL.
(2)Flibe FOFHYFER . (3)Flibe ZFREFBRE. (4HE
BED Flibe ZE A L 1= Be IZ& BEILETHIEED
FESL., O)FEELL 1= Flibe D k) F LIAHEE & HhEL
BREDAEZEITo=, REIE. RICTRTKET7A S
RIFZATD STAR (Safety and Tritium Applied Research
Facility)RERE TiThh =,

Flibe (2 HF #WREAA. FEFFIC Be # % Flibe
FICEHEALIZEEZD HF REZE., 94545 Flibe B
LETHIEDREE % 1T o 1=, Flibe ARG B REFR
HF+He A XEEY (HF JRE 100-1000ppm) ZR=E
300mL/min DFRECTHHB L. BEAHAMEREL:
#%. Be ¥ (Eff 7.6mm. & 3cm) % —ERFH Flibe
RIZHA LT, EMAD Be Z—ERRBEESIE S &,
HF BEX—EEOMMEEFTIETT %, ZhlX Flibe
FIZEMIZ Be MNARE LTz%. Bet2HF = BeF,+H,
DRIGT, HF AHETL SN, H, 127 5 L FBIZ BeF,
M Flibe RIZEMBT MO THD, BUEBRIGEETE
#. Be DAREEEANT S EICKYEE LA
B, EREEE—HLE Y, 2 TOEERT. HF
o H AORIGIEZRRIET., RIGEEERIL.
1.5x10°mol/m’s T#H 1=, Be DSEEMZRKAK | B
METEILIER-ET A, Be DBRREEIL, ERT.
BHEE 8.9x10°Be/(LiyBeF,)/s THRHE 1=, Be D2E
FEHICREBRBEIT-%D Flibe DA Be 2%
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FUFOLILEE, TEH

ICP-MS THRIFE Lf=& 25, Be M Flibe ~DEAFNAAR
1% 2.7x10”Be/Li,BeF, TH o =,

Be #2BLAWWE T L+ REER Flibe REL
fz&E, BBEHET =54 L8l JLF-1 % FLibe ZRE
L. BERRZATE L., Be Z2BELAELEEITIE,
Flibe 1M Fe & Cr DREFEML. JLF-1 DERE
ENEMLIz, —A. Be ZiRELI=EE, Fe & Cr
DEHERFFEAD L. Be IZ&YEBILETHIEAEL &
EHIZT, Fe & Cr DFEEM 0.lmm/hr LFICHEZ S
hdZ eEnBHont=,

7)) —ROBILETHEETHORENEED, K
ZRMEOMEBESEAELE: Y, T, FUFD
L¥LERARY FEFERALT A FHOLEETCKEIRRAA
KOAEMBE LILEFRBZEBE L >, Flibe DK
SRR RARE EIRER ST & 112 Flibe DEEIEIETT
REICE D TKRECELBBZ I ENBO LN, H, &
D, X Be OELETHIEA L LVE F, KFREGIAIE
QF (Q=H,D, T) METHEELTWA I ENTN Y.,
ERELREZILLELEGDIZENROONT, F
=B ETHENE EZ (X, QAN FESFHET
Ban, TZOHEELEITRXTLUTOD Arrthenius DEEFRR
[CEEDHBIENTET,

K. Flibe MYFHEWNIT O—THRY I REHRADFEE

1) Sagara, A., et al., Fus. Sci. Tech., 47 (2005) 524-529.

2) Petti, D. A, et al., Fus. Eng. Des., 81 (2006) 1439-1449.

3) Fukada, S., ef al, J. Nucl. Mater., 367-370 (2007)
1190-1196.

4) Simpson, M. F., et al., Fus. Eng. Des., 81 (2006) 541-
547.

5) Fukada, S., ef al., Fus. Eng. Des., 61-62 (2002) 783-788.

6) Fukada, S., ef al., Fus. Sci. Tech., 44 (2003) 410-414.

7) Fukada, S., et al., Proc. of the 6th International Be
Workshop, Miyazaki, Japan, Dec. 3-5, 2003, 275-286.

8) Anderl, R. A., et al., Proc. of the 6th International Be
workshop, Miyazaki, Japan, Dec. 3-5, 2003, 265-274.

9) Fukada, S., ef al., Fus. Sci. Tech., 48 (2005) 666-669.

10)Calderoni, O., et al., Fus. Eng. Des., 83 (2008) 1331-
1334.
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224 :1-1-B
EHEEREE : 7D EE .M. Abdou
FTiE : WEKZEUCLA

BERE Flibe (3. SRZEMICEBN., BHIRES
% (Magneto-Hydro-Dynamics: MHD) BT A8 HE
W-OBANLGECIBEREAM TH LA, HEMIC
Flibe ZAW=T 324 v FERET TR, WO DR

MRS TS @ 1) Flibe DRUEERNMENC &
(1.0 WmK), 2) MeEEfETe WSt ERrIT &

(11.5 mm2/s at 500°C), 3) b1 F ) LIEBIERENMNNE
WEORMMGEhEFIEEHEVLEL TSI L. 9)
BEMIE 650°C UEDFRREICHAONSZ LI
ETHD. COEHMEELBBMMREREHT 5 Flibe (&
B7S Y MLBRAEFEENR., +HRELRIGEMERE
#5|EHIT-HICIE, BOVESRETTLRNEX
ECELCERREBZHEHT I2DLELH D, K> T,
BTV MLBRAEORRHEEICRIZITHISDE
BEARDZILEZTOLOTEELGRETH D,

KX, UCLA IZERE L -HERNILRERBELR
#EE “FLiHy” (FLibe Hydrodynamics) DB EX TH S,
SERIZIE Flibe BEERA L LT, TS50 MLEARSE
7 30%i=E D KOH K&k EAL =, HERDFTESS
D BIFE IZIX PIV(Particle Image Velocimetry)ik % i F
L. EHERUVHEETORERNILREES f & ELR
%ﬁn‘fié*&)f_

EER D CFEHERE RUSHE n (TEDCL
A/ IILAH Re=11300 [ZHF5. HiERED (S
(FEEMEEIRERE THHRBIELEL S DERTIERH .

eI LR ITIE L-EE )ZRTEL=, DNS #£8
& PIV SHAEREIBC—HLTEY., XElE 7&1

BC—HMLTWBHZLZMHR L, #€>T. Kt
FEFITRLBREREEZEEBEL TS EER D, Fi-.
FHIGEBETORGERRZEREL. HERNILROD
FEME CEEAEZERED Dittus-Boelter B &
10%URT—HT B EERRLE Y,

WimT O MHD ELREFEEFZIRET 5728, 300A
NDEREZHRLTEK 2 TASOHIBERESE.
14m ROBIBRICHE I NIIE 15emX 5 & 25cm X
S Im O—#EBER (ERFAEOHISEEILH
5%) ICHEBRRRZHREL. MERIZRTERITH
THH/NILET U =020 [ZTDOVTHERNDO ISR
BEBEL, Ha NEIMT 2 (0FY., HIGHEN
Bmed) TR, FHERESAOBKMNFERIET
DEEFNERINz, ChERBFIC, BEERE T
Ha QEMIZHE->TRBIZHEY ., T VRN
DEEABEERINT,

Re=5300 IZH T HERAMRERS D ERELH
BE OBRARSWERE L=, EHISTOEFRIZx

84

9% DNS #ERMN DS, Ha AEMIT BICHVELTREE
NELLTWE I EAERESINT-, ORI, ¥
BEMMIZE D Lorentz NIk B TEGROBRIE] @
HREHFZTLTWEEEZEZONT, CNOLDFERIZL,
MHD HEELFRD DNS Y&E—FHLTH Y. MHD &K
ETYUT AL RME T,

BREERIEX, 2 TAZDWIET T FLiHy JL—
THREBEHO—EHEMBT—TT—HMEL TEREL
t= 7. Re=9000 DIFAENERTEE T OHTMEREH
SDEEE v CHMEL=& 2 A, Ha=0 (GEREISSH)
DIEEIXEEFD Kader AKX & —B L 1zA. Ha=5 &
Ha=10 OEBRFERIIHEEALXLNSHEN TNz, L.
MHD N Tlk., JE MHD SRIZCHERTERDRAEE
NERTEHEZERLTEY., RIS RIS
2k TELROEBRIL] DIENTHEEEZ NS,

ULt. AERNOD Flibe Z#ERADIE MHD ELFRHF
%, PIViZZ@EALTEHAIL. BEF DNS 7—42 R
—REBOTEWNV—HEZEFRLI=ZEMNS, K PIV &
BEDRELERAZEMEZRIAILTz, £/, FLIHY
L—ThRHEREE L L THoLGRBEZALTL
B LILERTER, 52, PIV SHAEERAWNT
MHD ELEDFREFEICOVWTEYFTES>ZATEL.
VAV I"?/uﬁh%ﬁﬁ T%)tt:blxs MHD ﬁL/JILﬁn‘I’
ENERINS., WMIBHRIZKD TEROERIE] ]
ZNELTWAILEREEMICTRT I ENTSE -,
T, BEERZEREL. ENBEESHOESHA
FEEEND ., HIBTHHRICEL S TELROEBRIE] O
REFHRETET,

Flow direction

Measurement section Laser
Light Sheet Probe—>

Electromagnet
Eu;«l—l [

Flow meter

K. FLiHy REREEME

.

|| Filter

A%
VANYAN

Heat exchanger

1)Satake, S., et al., Lecture Notes in Computer Science
1940, Springer-Verlag, Berlin-Heidelberg, (2000).
2)Eggels, J. G. M., et al., J. Fluid Mech., 268, 175, (1994).
3)Takeuchi, J., et al., Fus. Eng. Des., 81, 601, (2006).
4)Takeuchi, J., et al., Fus. Eng. Des. in printing (2008).
5)Satake, S., et al., J. Turbulence, 3, 020, (2002).
6)Smolentsev, S., et al., Int. J. Eng. Sci., 40, 693, (2002).
7)Nakaharai, H., et al., Experimental Thermal and Fluid
Science, 32-1, 23 (2007).
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RRT 12

ERERE EERX R Kurtz
g : %@t & 5. PNNL

NFOIOLEEZHBEMBIC, BARVFILE
IEH - AEMICEWNE TS U5y MK, EEERE
HHKREL, PHFEERAN) YD LNLRELRZD
BENINRT DOV TNIZHEZBEHDE VY
ATLELTEESINTWS, NFOHOLEEICE
LTI, BESHE V-A4ACr4Ti &% (NIFS-HEAT-
2) DAEHE LM BERMOESICLY TS5
v FMRBADEEDRBELNEONDDOH D, —A.
CDVARATLIZITEDIDEERENH D, F1 1L,
BB T CEEYRATHD Y FILERTEIZEL
S2THL% MHD EAHEXRTHHMN. ChITEEHLT
FERERNBIRBEGHEBZHE T BICLVIERATEEL
BRAENRTWS, T 2 [INFTHLAESDOTRE S
HTHd, NFTOUVLEEERIE—ARICTHESMHEIC
EBATWLSA, BFES. HERE. RAGNMIRE
BEEER-HAOBHZHEIERINTLEL, Fi-.
NFOIOLEEDERERARRZEOSIRHFTI U
—JIZALTOT—FFBEEVDONRKRTH S,
RKFRZIZEWTIE, LEOFERELZHDICESR
RitOEELEZERL. 7505y FRAEORBEL
FHLOMNITEEEEMNE LT,

MHD EEigZmEBEM ORAFE E L TIX, ()MHD
EBRBEZHEEOEMEHES I VI ADREE. ()it
BEZFIZOWTOEDR., (WVEEFEORAE. (v
BIZET D959 ~DRREVWLZEREEAT
FFEZEENHT-, MHD EREEZELES I VI REEDSE
—BREEELT, BIAKYFHILEDEENE "OFET
NDESENRER, BESFREEE 7. \FPHLdEE
ADEBERRGZEDTMOFER., 7—H TSATE
BEICEYERLEBIETIILEYLBEEZREE L,
COBIETILEY LHEIZDOWNT., EHEYFILIC
KBBEEBOENGEEZRE LI-MEIEEETMT S
=012, BREAKR)FOLEEEBE LE-ERIERA
EEERELZ, V759 KDIH. MEAEEH
B#% MHD B LICHET _EHE (ISH) &. N
FOOLEERAAEICHRZEDLOSNALDHOEALRK
EK)FOLIZEBLEEBRINEDLERIGERS
SETYSYIRIZBIETIILEDLEZERSES in-
situ IBEEDRAZT R, &K FHLERIC
L5 NMERELAERINEEL., BERYFOLE
RAAFTIL—TI2ENT, BEn:MEEIERE I
D UEDESIZ, BIETILEYLIZR L TZERE
#1T5FICK Y. MHD EREFHBEDORREMNATEET
HEIENHER SNz, SR, BEM. HEE. V7
YOBEEICIEZFL-E3BENHFINAS L HIC,
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AHETEHARE LGN >-EEERNEANDBEEESR
EORENHFEIND,

NFOHOLEEDOTHRBEHMELE LTI, (&K
JFDLRATORMMBITICKEZINFTOOLEED
BEZLZLE Y. OBRAEESEATHEFRSICSIT
% V-ACr-4Ti BEDEE T ) — T8 °), (e
BIFRA V-Cr-Ti REEDOEMHEEE 'O (&RED F
LETONFT Y LEEBEMONEST 5
LM EERLI. @IC2WTIE, &EYFH
LRTEFHNFCIOLEEDC, NDEEIILERET BN
Ti-C-N #fi¥é L CRESNS=OICBE~ADTF S
[FIhE<, —AT, OREIFETL. ThIZk? Ti-
C-O fiYDFL EBEE O DFPIZTE>T, 973 K
ULTHORXSIERENMET TS ENBALAER
o2tz COREBTORIMICHZRET HHIZIE,
fizcH ) —THRELFMITILENHY. SEDR
BTHD, 2HEVIZONTIEFHBRE)FILREERD
10 % EHY ., BELGEHETEIRONGM ST,
(b)[ZDULVTIEX, HFIR % JOYO 2 EIZH 1+ 5 FBETEER
[CKYBHETI ) —TEBOERN/INT A —2 1T
b, V-4Cr-4Ti ORBFTEESMTME L O ERFMH
SEE~DEHNEOINT-, T, ARAXRTHEILL:
Bty ) —THHEEE, RAERRERHE BT
Y TR BE-ERFE-EAREMN. BHEY ) —THK
BAETERAEBEIZ. NFOHOLEEEEFTHL,
HBEEATULRAMOBHTY ) —THERICHEA
Sh, BEFRAINATWLS,

Fe(V)
~300nm

Er,O,
~800nm

V alloy
substrate Edl

K. V-A4Cr-4Ti EICHERILEBIETILE DL ENFTD
DLERIIHOEHE (K : EFE—LEKEE.
B : RF R/ A3E)

1)Pint, B. A., et al., J. Nucl. Mater., 329-333 (2004) 119-124.
2)EGFEN, th, T7XT - BREFRE. 83-4(2007)391-39.
3)Pint, B. A., et al., J. Nucl. Mater., ENRI

4)Nagasaka, T., et al., Fus. Eng. Des., 81 (2006) 307-313.
5)Meimei Li., et al., J. Nucl. Mater., 367-370 (2007) 788-793.
6)Fukumoto, K., et al., J. Nucl. Mater., 367-370 (2007) 834-838.
7)Nagasaka, T., et al., Nucl. Fus., 46 (2006) 618-625.
8)Satou, M., et al., Proc. 21th IAEA Fusion Energy Conference, (2006).
9)Chuto, T., et al., STP-1447 (2004) 693-701.

10)Chuto, T., et al., J. Nucl. Mater., 326 (2004) 1-8.
11)Nagasaka, T., et al., Mater. Trans., 46 (2005) 498-502.
12)Watanabe, H., ef al., J. Nucl. Mater., 367-370 (2007) 794-799.
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EiEEEE - KAJIIRER. H. Jones
FriE : AL K= PNNL

SiC/SiC BMAMHDEERE S ERGHLEFEEE
MLIEAYDLARAENEREE IS o7y b,
1000°CUL LD A RAEOBEEL 50%ULEDENTS Y
FPRANRZEHTETLHAEMENDY . REEZAFD
UENSGEBOTHEAMNBE I ATLTHDS, 2RYT 2
DEMIE. FI-EMHRTOCRREHICED M
FIBF & SO B EOFTMmIcE D=,
S SIC/SIC EEMBZERAWEEHEAY D LARS
IS Y b RATLDERRMEZRI ZETH S,
COBEMZEERTH-HIC. YTE2RY 21 :
SiC/SIC EAMPDERRELAE, 22 RT)LA
Y FORTLITE T 2BBEWMBENE. 23 SEAY
DLAREX Yy T BHEEZER LA EED T,

TR 2-1"TIE, MERAREERMLTEYE
FEEETS>EEHIC. ARLEMBEZZIRY 2 2%
ICHBE LSRN G®RBZR- Lz, BAREDRERM
HERAWT, XKEDOBERTHHEFARZTIRE., B
EHMLBXhEEDT-, EARMEREE LTI,
CVI-SiC/SiC 4> NITE-SiC/SiC (KB MB) L D%k
SiC/SiC BEMFIZET HILEFE LT HRER & 45T
fli. EES - WEEMN. SBEMHOAE. K&
SEEFE AT DS, SiC LIBFEM & DHFHOFEM. #
HAREVRELENEITOND,

TR 229TIE, RTILEO SIS
ZREL. FNASICHSIC ZHEBEMET D 2D
DLAHBERIS Uy FRETICRIZTRZEEFRET
LTEfz, RITWEBEMBLEORTMOVEIZ Y
AT HEEEE—EEZRANSZLIETET,
RILVBOBEBRKELEEMOBMEREFHICEK
S2TEIT S, SICHEEMERTILEDORRERDE
[CE>TETBHEHIE, RTILEHE. ThiZk
BERITNBEDEIIE. RTIVEETS Uy ME
EMEDRH., THHLBREICEITHIERERRT
AN H D, CO &, BEMOKELEE
LRICEHRETHERMEEZTRE L. ARIES-I 2 D%:T%
FYREIZT D, —AT. F7505y FRNTRET
HEERE R T )L RE A BVRE TIE 7 CREFxFRIC
8% DREAM EDHE. COBKEEHEMI S L
IEAIBETH S, LH L, BEAUVDLTEMS FUF
D LENEMICEIRT SEMORELBEL TS,

HITRRY 23CIE, EFNLHHEBKREZE
[ZBHF L =5 SiC/SIC EEMBERVWTEDERLGH
AAMMITIS VT Y PO RTLER LZDOERERGARE
HERTIZH, HFIR ZFALTHRBE TS Ty
FCRE SN TVWEAMB IR TLOREFRBE 1T
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WENALDTH RS EHICE L CEMEERL -,
1000°C. #9 4dpa £ TIXEBHIZHT HIEMMEMNRDH S
Nz, F£f=. HFIR TIEWETETLHUVEHFFHIZDOL
T. ER®O JMTR % JOYO #F AL ChHFREt %
ERTHEEIC, BEROSM A VEBHRFELFAL T,
SiC DEMERET CHEBMLERERTERT S He
B RMEOEE/ERIZDOWLT HFIR 2% 5T —
ADWEZETo1z. CNETOBBHEHARIZLY., %
i SiC/SiC EEMEDENT-THEBEHFEMNBE S A2
% & HIT SIC/SIC EEMH R OMBSHFEICEAT 5
MHREHLAENTHLH LR LI, b
M5, SiC/SIC EEMBERWTERARAII AT
LAEERETHIRBLEETSH I ENEET,

Thick Block: 97 x 97 x 70mm

Combuster Liner

Tube: $31-33 x 60.0mm

Thin Plate: 195 x 195 x 2.0mm

XK. FEAORIKDO NITE-SIC/SIC EE&#

1)Hironaka, K., et al., J. Nucl. Mater. 307 (2002) 1093-1097.
2)Nozawa, T., et al., Ceram. Trans. 139 (2002) 127-138.
3)Hinoki, T., et al., Ceram. Trans. 144 (2002) 55-67.
4)Hashiba, M., et al., J. Vac. Soc. Japan 45 (2002) 145-148.
5)Hino, T., et al., Fus. Sci. Tech. 43 (2003) 184-190.
6)Katoh, Y., et al., J. Am. Ceram. Soc. 88 (2005) 3088-3095.
7)Nozawa T., et al., Mater. Trans. 46 (2005) 543-551.
8)Katoh, Y., et al., Key Engineering Materials 287 (2005) 346-351.
9)Ying, A., et al., J. Nucl. Mater., 329-333 (2004) 1605-1609.
10)Longhurst, G. R., et al., Proc. 6th IEA International Workshop on
Beryllium Technology for Fusion, Miyazaki, Japan, March 2004.
11)An, Z., et al., Fus. Sci. Tech., 47-4 (2005) 1101-1105.
12)Calderoni, P., et al., Fus. Eng. Des., 81 (2006) 607-612.
13)An, Z., Ying, A., Abdou, M., Journal of Nuclear Materials ,
367-370 (2007) 1393-1397

14)Hinoki, T., et al., J. Nucl. Mater., 307-311 (2002) 1157-1162.
15)Katoh, Y., et al., 19th TAEA Fusion Energy Conference,
Vol. IAEA-CN-94 pp. FT/P1-03 2002.

16)Kondo, S., et al., Fus. Sci. Tech., 44 (2003) 181-185.
17)Nogami, S., et al., J. Nuc. Mater., 329-333, (2004), 577-581 .
18)Nogami, S., et al., STP 1447, (2004), 655-669.
19)Nozawa, T., et al., J. ASTM Int., 2[2] (2005).
20)Ozawa, K., ef al., Mater. Trans. 47 (2006) 207-210.
21)Katoh, Y., et al., J. Nucl. Mater., 367-370 (2007) 758-763.
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EEEREE - HRBASBE.N. Ghoniem
g : @&, UCLA

TSy FORTFLODIFEETIVEEIZIL.
EBRMHNRICEDCETILVEALETH D, AF R
U TlE, EERBRICKIEETS VY FORT A
DREFELLELIZ. CAOICHRELERETILESY
AEYMEMERICE DSV HE#IIaL—Ya3 Y
[CE>THEL., RHAT—FIR—RDEEEZEDT-,
Ff=. TS50y PV RTLOEFHFTREHELT,
RMAFRETOETIOBEBEMNRUVUEHMES
EELEED. CNERIITHIFEREERLT,

TSohy bEFYUY L LT, £9. Flibe
TSy FE—BIZEITA2HENLEANI AT L
NG HIH. FRMIEBRFMBAERIL—T TINT
(Tohoku-NIFS Thermofluid Loop)% AW\ TERREH
D5 Pr RADOREERER M. BOUVICERARM
BIZET AR YFNEMRICELT2MEEFWME L=,
INODETIEEHCEZROBER ENBREEE
DERIEZEIZ, B Re. & Pr#}CHVTHEAREL
ERHEXEEBEL-, 512, 5n=-=E4EE
KEAWT, TS50y bADERATEEMEZETML
T-#ER. HEFEHOREIZK S ITER-TBM ~DiE
FARTREMAN TR STz, RIZ, BFLE Flibe MHD MY
FHOLEWRVRATFLIZDNT, NYAIILBZFEE
DB EZERET FFHR-2 xR E L. EEEGLRFORE
EHIZEDE, BBEAFLEAD N FOLYEIRK
M@ LIz, TOHRE. L L7 5 Flibe BEHA +
JFOLEIRSRATALIZ, FUFOLBEREELR
BRRTEBTHA I ENHIBALT,

HHEETULS TOELT. (HWBSHSEMOS
E{t (NPRIM 01— FORFE) . QBEFTHMHEIIO
EIEDTILFRTZ—ILETY VI EZREMEHAHE. 3)
B THE OB EETRICHEL B RME-85
MEMEEFRAOETILVRARCHEMOR@REICH
TEHEE—REHEFMAEEET o=, (1)® NPRIM
IZ. Windows % Macintosh .t TOENMENTIEETH Y .
Ff-, A—4HY—TJLURY—BAVA—T (A R%
1D, HIZIX. 1) vyHU 1V &EDT, HFIR FX IMTR
FLREDELGHMHERBRIFEORHEFARY FILEER
FTEHIEMNFTREICHE-TWS, Q)ITDWLWT, BHT
MERNTEISIHERIE. FEMICEHEZ[EMICE IR
LE—HICEILFRT—ILERETHS (KIS
B) ., COLILBRRFELCERZL, BETHH
BHERELCFATE=0121F. DFEN M.
XFRTFAVHIEVTHLOE, NMEBESREFE
MBIZEDM A VBHZTOBGEERRELE, EHO
HRETFECERFEAZHANITERALEN S,
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BEOAEBICE> TWRERHD, K2RY TIE,
MHBHESODERBETHIXMESKDILEZE
B, LU, RMEEARORKER - REBEICOW
T Lz, ZOHRER. BRIL—THOEFHEEF
HEORS FhEDZEAERE TN TNORERES
BEICEALT,. BBEGHMELSFELONT, B)IZDULT,
BEMEOMESEEEE, BEIZE > THHERAIIC
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Stabilization of Neoclassical Tearing Modes by Electron Cyclotron Current Drive
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*General Atomics

Neoclassical tearing mode (NTM) is an
magnetohydrodynamic (MHD) instability which appears in
high-B plasmas with positive magnetic shear (J is the ratio
of the plasma pressure to the magnetic pressure). Since the
NTMs degrade the plasma confinement through the
formation of magnetic islands, stabilization of the NTMs is
required to sustain a high- plasma. Localized current drive
at the mode rational surface using electron cyclotron (EC)
waves, electron cyclotron current drive (ECCD), is
considered to be the most promising method for NTM
stabilization due to the capability of high magnitude of
current drive density and high accuracy of current drive
location.

Both JT-60U and DIII-D devices have the capability
of detailed investigation on NTM physics because they
equip (a) high-power heating system to obtain a high-beta
plasma, (b) high-power EC wave system to actively
stabilize NTMs, (c) high temporal and spatial resolution
diagnostics to measure and control NTMs and (d) advanced
plasma control system for real-time NTM stabilization. A
number of leading results have been reported from the both
devices. For example, most recently, NTM stabilization by
modulated ECCD was demonstrated [1, 2]. Against the
backdrop of these results, close research collaboration has
been continued between JT-60U and DIII-D.

It is known that NTM islands have the property of
spontaneous shrinkage at small island width due to several
stabilization effects, and such shrinkage has also been
observed experimentally. Investigation on the island width
at which the spontaneous shrinkage begins, which is
referred to as the marginal island width, is important in
estimating the required EC wave power and establishing the
scenario for NTM stabilization. In collaboration with
ASDEX-U  (Max-Planck-Institut  fur ~ Plasmaphysik,
Germany), DIII-D and JT-60U, the marginal island width
for an m/n = 3/2 NTM was investigated. Here, m and n are
the poloidal and toroidal mode numbers, respectively. It
was found that the marginal island is about twice the ion
banana width (Fig. 1) [3]. In addition, based on the results
and experiences in ASDEX-U, DII-D and JT-60U,
requirement for real-time NTM stabilization in ITER was
also investigated [4].

Stabilization of NTMs by ECCD is usually achieved
by injecting EC waves inside the NTM islands. As a new
strategy, ECCD at the mode rational surface before the
NTM onset, what we call preemptive stabilization, was
developed and the effectiveness was successfully
demonstrated in JT-60U [5, 6]. Preemptive stabilization in
a higher-B regime was demonstrated in DIII-D with
participation of JT-60 staffs. Experiments using a newly
developed real-time control system were successfully
conducted, where equilibrium reconstruction with current
density measurement and identification of the mode
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location were performed in real time [7]. Typical example
is shown in Fig. 2. In the discharge, the beta value was
raised to the no-wall ideal MHD limit by suppressing the
onset of an m/n =2/1 NTM. Soon after the switch-off of the
ECCD, an m/n=2/1 NTM appeared. This result shows the
effectiveness of the preemptive ECCD.
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Fig. 1. Marginal island widths in ASDEX-U, DIII-D
and JT-60U versus twice the ion banana width.
Expected marginal island width in ITER is also
shown. [from Ref. 3]
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Fig. 2. Evolution of plasma behavior of a preemptive
ECCD discharge in DIII-D. (a) line-averaged density
and D, emission, (b) EC wave power and time-
averaged neutral beam power, (c)central and
minimum value of safety factor, (d) amplitudes of
n=2 and n =1 tearing modes and (e¢) normalized beta
and four times the internal inductance (an estimate of
the beta limit for the ideal » =1 kink mode in the
absence of a conducting wall). [from Ref. 7]
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High-brightness and low-divergence lithium neutral beam for a Zeeman polarimetry on JT-60U
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Lithium beam probes (LiBP) are powerful diagnostic
for pedestal studies since the electron density and the pitch
angle of the magnetic field line in edge plasmas can be
measured from the beam emission signal and its
polarization angle. In order to measure the edge plasmas
with high-spatial and high-temporal resolutions, high-
performance neutral lithium beams are required. In the
previous works on DIII-D, direct measurements of the edge
current density was carried out by use of 30 keV, >10mA
lithium beams [1]. Recently, JT-60U planned to install the
LiBP for the measurement of the edge electron density and
current density. For the LiBP on JT-60U, the optimum
beam energy was lower than that for DIII-D because of
lower pedestal density. However, the large beam current
was also required to obtain a high S/N ratio. Such beams
are strongly affected by the space charge effects and easy
to spread. Therefore, a high-brightness and low-divergence
neutral lithium beam source with low energy of 10 keV has
been developed on JT-60U.

In order to obtain a large current over 10 mA, a
thermionic ion source heated by an electron beam has been
developed. The diameter of the ion emitter is 50 mm which
is made from porous tungsten with porosity of 30 %. The
porous tungsten disk is mounted on the molybdenum
holder as shown in Fig. 1. The acceleration voltage of 1.5
kV for the electron beam is applied between the disk and a
tungsten filament behind the disk. The surface temperature
of the disk reaches to 1500 °C with the typical heating
power of 1.3 kW. The extracted ion current can exceed 10
mA in this case. The maximum power of the electron beam
heating is 5 kW which is enough to make B eucryptite
(Li,O- Al,O3 - 28Si0,) soaked in the disk.

The beam optics has been designed after detailed
numerical simulation taking the space charge effects into

porous tungsten disk and a molybdenum holder.

account because a low divergence angle of the neutral
lithium beam is required in terms of the narrow spectrum of
the beam emission and the high transmission of the long
beam line of 6.5 m. Although the beam energy of 10 keV is
relatively low, an extraction electrode installed in front of
the ion source can produce a large current beam over 10
mA.

The newly-developed ion gun has been operated on a
test stand which simulates the diagnostic geometry on JT-
60U. The ion beam current of 10mA at a beam energy of
10 keV is successfully extracted from the ion source and
focused by Einzel lens. The FWHM (Full Width at Half
Maximum) radius of the ion beam at the neutralizer is
about 9 mm. A sodium vapor neutralizer neutralizes the
collimated ion beam fully at the temperature of 300 °C. The
neutral beam profiles have been measured at two locations
of the beam line at 2.3 m (beam monitor position) and 6.5
m (plasma region) from the neutralizer. The HWHM radius
of the neutral beam of 26mm and the equivalent beam
current of 3 mA with the beam divergence angle of 0.2
degree which is the half-angle divergence have been
obtained. Those parameters satisfy the requirements of the
Zeeman polarimetry. Furthermore, a long pulse extraction
with a current of 10 mA and duration of 50 seconds has
been attained [2].

After developing the detectors, the LiBP has been
installed on JT-60U. The LiBP has 20 viewing chords in
the edge region r/a = 0.8 ~ 1.0 with a spatial resolution of 1
cm. Etalon and band-pass filters are applied to separate the
polarized spectrum of the beam emission. In order to tune
the etalon filters, a new technique in which the Doppler
shifted spectrum is varied by sweeping the beam energy
has been developed and has demonstrated the availability
[3].

The electron density profiles in the edge region have
been measured by using the LiBP with a temporal
resolution up to 0.5 ms. In addition, an ELM cycle in cases
of type I and grassy ELMs have been observed [4]. The
collapse of density pedestal of grassy ELMs is smaller
(<20%) and the radial extent is narrower (~ 5 cm) than
those of type I ELMs (~30%, >15cm). The measurement of
the edge current density has been also achieved by using
the LiBP [3]. Time evolution of the edge current density
profiles have been determined for the current ramp
up/down in the OH plasmas. Moreover, the edge current
density profile having the local peak of 0.15-0.25 MA/m’
at r/a ~ 0.9 has been identified in the H-mode plasma. The
local peak might be caused by the strong pressure gradient
in the edge pedestal region.

[1] D. M. Thomas et.al., Phys. Rev. Lett. 93, 065003
(2004)

[2] A. Kojima et al., Rev. Sci. Instrum. 79, 093502 (2008).

[3] K. Kamiya et al., Rev. Sci. Instrum. 81, 033502 (2010).
[4] A. Kojima et al., Nucl. Fusion 49, 115008 (2009).
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In tokamaks, an ideal magnetohydrodynamic
(MHD) instability attracts attention as one of key issues for
a high performance operation. This is because a low-n
MHD mode often restricts a plasma performance (beta
limit), and intermediate / high-» MHD modes sometimes
determine an edge pedestal performance, where » is a
toroidal mode number. To identify the stability of these
MHD modes, we have invented the effective numerical
method for the stability analysis of ideal MHD modes with
the physical model based on the two-dimensional
Newcomb equation in combination with the conventional
compression-less ideal MHD model. The MARG2D code
has been developed based on this numerical method, and
realizes to analyze the stability of ideal MHD modes with a
wide range of toroidal mode number » [1,2]. In this
collaboration, we execute the benchmarking test of this
MARG2D code with the DCON code [3] for a low-» mode
stability analysis, and that with the ELITE code [4,5] for an
intermediate / high-» mode analysis.

Figure (a) shows the dependence of the By limit on
the wall position d/a. These dependences identified with
MARG2D and DCON are almost identical to each other.
Unfortunately, since the DCON code wused in this
benchmarking (ver. 3.2) cannot output the marginally stable
eigenfunction, we cannot compare the radial structure of
the eigenfunction. However, in a up-down symmetric
equilibrium, the benchmarking tests between MARG2D
and the ERATOJ code [6] have been executed in Ref. [2],
and the radial structures of the marginally stable
eigenfunctions have been identified as almost same as each
other.

Figure (b) shows the toroidal mode number »
dependence of the growth rate y normalized with the
toroidal Alfv'en frequency on the magnetic axis @a. The
agreement between MARG2D and ELITE is quite good,
and as shown in Ref. [7], the radial structures of the most
unstable eigenfunction obtained with MARG2D and ELITE
are almost identical to each other. The results of these
benchmarking tests show the validity of the MARG2D code
for the stability analysis of not only low-n but also
intermediate / high-» MHD modes [7].

With this code, we investigated the MHD stability
property in JT-60SA, the complemented device for ITER
focusing on effect of the plasma shape. These stability
analyses show that the highly shaped plasma designed for
achieving high performance discharges in JT-60SA is
suitable for stabilizing not only low toroidal mode number
MHD modes, which restrict the By limit of discharges, but
also intermediate to high toroidal mode number MHD
modes, which relate to the edge pedestal performance and
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ELM phenomena. For not only the experimental analysis of
existing devices but also the design of ITER and JT-60SA,
MARG2D realizes the stability analysis of the various
kinds of ideal MHD modes that restrict the beta limit and
the pedestal performance.

u:ﬂ‘ I —-—I MAEI:{GQD (n=1)
7.0 i 1 ==m=e MARGZD (n=2)
. '.__“ womn MARG2D (n=3)
i_‘a‘ } ~—+— DCON (n=1)
6.0 iy , | ——=—- DCON (n=2)
_o H a‘ s DCON (n=3)
A \
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3.0 ,
12 1.4 1.6
d/a

Fig. 1: Dependence of the By limit on the wall position d/a.
Each dependence of the B limit restricted by the n =

1, 2, 3 MHD modes stability estimated with MARG2D is
almost identical to that calculated with DCON.

e {| ~—MARG2D
' ' : i| = -ELITE

5 20 35

Fig. 2: Dependence of 7 / ws on n calculated with
MARG2D (solid line) and ELITE (broken line). The
agreement between both codes is quite good.
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To realize an economical fusion reactor,
stabilization of the low-n kink-ballooning mode is
necessary: An economical fusion reactor, in its steady
state, relies largely on the spontaneously flowing bootstrap
current for its plasma current that produces the confining
magnetic field, because this can reduce the externally
driven current. But such plasma has generally a hollow
current profile and is susceptible to the low-n kink-
ballooning mode, which can limit the achievable beta.
The growth rate of the external kink-ballooning mode can
be reduced with a close-fitting conducting wall, and the
resulting mode, the so-called resistive-wall mode (RWM),
has a growth time corresponding to the time constant of
the relaxation of the wall current [1]. There are two
different procedures for stabilizing RWM. The first is the
feedback control stabilization using externally applied
nonaxisymmetric magnetic fields with coils in order to
compensate for the diffusion of flux [2]. The second is
stabilization of RWM by toroidal plasma rotation.
Bondeson and Ward showed that RWM could be fully
stabilized with resistive walls when the plasma rotation is
sufficiently large [3]. Both theories and experiments
imply that the critical rotation velocity is around 1% -2%
of the Alfvén velocity. This estimated critical rotation is
comparable to a predicted toroidal rotation of 2% of the
Alfvén velocity at plasma center and much larger than
0.3% of that in the peripheral region including the ¢ =
integer surface for the ITER advanced scenario. The
most significant problem in the previous experiment is that
investigation of the critical rotation is performed with
magnetic braking by adding an asymmetric magnetic field,
the so-called error field. It has been pointed out that the
error field plays a very important role in the destabilization
of RWM and should be substantially reduced near the no-
wall limit. Since RWM stability itself is affected by
the error field, which is the origin of magnetic braking, we
should not use magnetic braking in the investigation of
critical rotation.

A very low rotation threshold was obtained in the JT-
60U in an investigation of the critical rotation for
stabilizing RWM by controlling the toroidal plasma
rotation with changing the combination of tangential
neutral beams (NBs) without magnetic braking [4-6]. The
observed critical rotation is V~20 km/s and corresponds
to 0.3% of the Alfvén velocity at the ¢ = 2 surface,
much smaller than the previous prediction with magnetic
braking (Fig. 1). This low critical rotation does not
increase as increases toward the ideal wall limit. Also an
ITER relevant low rotation (~0.4% of the Alfvén velocity)
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stabilization of RWM is demonstrated for 50 times the
skin time of the first wall. These results indicate that for
large plasmas such as in future fusion reactors with low
rotation, the requirement of the additional feedback
control system for stabilizing RWM is much reduced.

Around the same time, similar experiments were
performed on DIII-D. High- 4 DIII-D experiments with
the new capability of balanced neutral beam injection also
show that the resistive wall mode (RWM) remains stable
when the plasma rotation is lowered to a fraction of a per
cent of the Alfv’en frequency by reducing the injection of
angular momentum in discharges with minimized
magnetic field errors [7,8]. A toroidal rotation frequency
of less than 10 krad/s at the ¢ = 2 surface corresponding to
0.3% of the inverse of the toroidal Alfve'n time is
sufficient to sustain the plasma pressure above the ideal
MHD no-wall stability limit (Fig. 1). The low-rotation
threshold is found to be consistent with predictions by a
kinetic model of RWM damping. Previous DIII-D
experiments yielded a high plasma rotation threshold (of
order a few per cent of the Alfv'en frequency) for RWM
stabilization when resonant magnetic braking was applied
to lower the plasma rotation. They propose that the
previously observed rotation threshold can be explained as
the entrance into a forbidden band of rotation that results
from torque balance including the resonant field
amplification by the stable RWM.

1.0 gl |
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Fig. 1. Trajectories of the Cp versus toroidal rotation at q = 2 for JT-60U
(left) and DIII-D (right). The crosses and squares denote the onset points
of RWM on JT-60U and DIII-D, respectively [6,8].
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Reduced activation ferritic steels (RAFs) are candidate structural
materials for in-vessel components of a DEMO. The service
temperature is expected to range between 300 and 550°C while
14MeV D-T fusion neutron irradiation introduces displacement
damage to 100-150 dpa and damage from transmutation produced
atoms (e.g. He atoms with production rate of 10-15 appmHe/dpa) to
cause reductions of elongation, fracture toughness and fatigue life, as
well as dimensional changes by irradiation creep and swelling[1].
Therefore, the DOE-JAEA collaborative experimental program
using HFIR has been conducted to investigate the irradiation
response of RAFs. Japan’s F§2H was chosen as a reference heat with
objective of producing an irradiation materials database, while
analyzing deformation and fracture for the modeling of the irradiation
effects. The results indicate that degradation by displacement damage
is manageable for the doses examined [2]. Moreover,
tightening/optimization of heat treatment conditions reduced
radiation-induced embrittlement, suggesting the feasibility of RAFs
for the DEMOJ2, 3]. Analysis on deformation and fracture also
provided post-irradiation constitutive equations. This and the fracture
behavior are essential for developing a design methodology.

Effects of irradiation on tensile, fracture and creep properties are

summarized, as well as the analysis of deformation. Methods to
improve post irradiation fracture resistance are also introduced.
1) Tensile property: Below 400°C, irradiation often causes hardening
and reduction of elongation (see, Fig. 1). The reduction of elongation
has been recognized as an issue, however detailed analysis revealed
that relatively large ductility remained even after irradiation [4].
Moreover, tightening/optimization of the heat treatment condition
was found to keep post irradiation ductility even higher [3].
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2) Fracture toughness: Below 400°C, irradiation also reduces fracture
toughness and upper shelf energy, and increases the shift in ductile to
brittle transition temperature (DBTT). Fig. 2 shows DBTT-shift of
several ferritic steels by irradiation. It should be noted that
DBTT-shifts of RAFs are smaller than those of conventional steels.
14 MeV high energy D-T neutrons introduce He atoms at a high rate
and is thought to cause additional toughness degradation. Doping of
*¥Ni and "B introduces He atoms during irradiation of RAF in HFIR.
Fractography revealed that 300-400appmHe introduced a change in

the mechanism of cracking to promote failure at crystallographic
boundaries, although it introduced no apparent change in DBTT-shift
[4, 5]. On the other hand, reduction of the post irradiation DBTT has
been successfully achieved by tightening/optimization of heat
treatment condition before irradiation (see, Fig. 3) [5].
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3) Irradiation creep: Irradiation creep strain has been evaluated from
diametral change of pressurized tube specimens. At 300 and 500°C,
creep strains were rather small and almost proportional to hoop stress
below 380 and 180 MPa, respectively [6].

4) Modeling of deformation and fracture (Macroscopic models):
Analysis of the deformation of tensile specimens with macroscopic
defects (e.g. holes) has been conducted to evaluate constitutive
equation after irradiation [7]. The strain distribution was measured
with 3D image analysis equipment and optical microscopy. Either
Ludwik or Swift type constitutive equations was applied, and
stress-strain relations have been successfully reproduced to fracture
strain levels. This provides the fundamentals required for a design
methodology for components under intense neutron irradiation [2].

5) Microstructure and alloy development: Microstructural
examinations including fractography have been conducted. The
results indicate the deteriorating effects of inclusions containing Ti
and N, as well as that by other complex inclusions [8]. Dispersion of
Ti and Y containing nano-scale oxide particles in RAF has been
successfully achieved by mechanical alloying. One of the alloys,

14YWT exhibited superior strength at high temperatures [9)].
[1]S.Jitsukawa et al., J. Nucl. Mater., 329-333(2004)39-46
[2]S.Jitsukawa et al., Nuclear Fusion 49 (2009) 115006
[3]M.Ando et al., J. Nucl. Mater., 386-388 (2009) 315-318
[4]R.L.Klueh et al., J. Nucl. Mater., 357 (2006) 156-168
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[6]M.Ando et al., J. Nucl. Mater., 367-370(2007)122-126
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[8]H.Tanigawa et al., J. Nucl. Mater., 367-370(2007)42—47
[9]D.T.Hoetzer et al., J.Nucl.Mater.,367-370(2007)166—172
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Irradiation embrittelement, as characterized by upward
shifts (AT,) in the cleavage fracture toughness master
curve (MC), is one of the key issues that control the
operation window of the 8-9Cr-1-2W normalized and
tempered martensitic steels (TMS) in fusion reactor first
wall applications. At irradiation temperatures less than=

400°C, the AT, are primarily due to irradiation hardening,
Acy,. One of the keys to understand and model the
mechanism is to obtain the correlation between AT, and
Aoc,.

Large number of small pre-cracked bend bar (PCBB)
specimens, with single or multiple cracks, of several TMS
were irradiated from 300 to 500 °C in HFIR target capsules,
JP26 and JP-27, up to= 22 dpa. Figure | summarizes the

results for F82H IEA and F82H mod.3 heats. Figure la
shows AT, of the IEA heat as a function of neutron dose at
four irradiation temperatures. There are clear trend showing
less embrittlement at higher irradiation temperature
corresponding to the irradiation hardening trend, except: 1)
the 300°C embrittlement trend shows no sign of saturation
up to 20 dpa, 2) the embrittlement insists beyond the
temperature of ~ 450 °C where the irradiation hardening
turns to softening regime. The F82H mod.3 heat seems to
show less embrittlement than the IEA heat at the same dose
level; however this needs further confirmation.
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Fig. 1 a) Toughness reference temperature shift, AT,, of F82H
IEA heat as a function dpa at four irradiation temperatures; b)
AT, vs. Acy relation for various TMS steels obtained using
PCBB specimens, compared to RPV database by Sokolov et al.[1]

Figure 1b summarizes relation between AT, and Ac, for
the TMS measured using similar small specimens,
compared with reactor pressure vessel (RPV) steel data
collected by Sokolov [1] primarily using larger specimens.
The TMS data show AT ,/Ac, ratio of= 0.4 significantly
smaller than that for RPV steels: df.7. The major
reasons for the low AT ,/Ac, ratio are believed to be due to
1) loss of strain hardening capacity in the irradiated TMS,
and 2) constraint loss (CL) in the small specimens. The
fracture toughness, K;,,, measured using small specimens
is generally higher than those obtained from larger,
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conventional specimens, due to both statistical stressed
volume (SV) and CL size effects. Size adjustment
procedure developed for RPV steel [2] has successfully
been applied to a large database of F82H K, measured on
specimens of various size and geometry [3]. The size
adjustment procedure has been applied to a subset of the
JP-26 irradiated specimen data. The CL adjustment is
based on finite element analyses (FEA) of the crack tip
stress field for actual specimen geometry compared to an
ideal small scale yieldingfg condition. The SV effect is
adjusted by modified B scaling as is incorporated in
ASTM E 1921 Master Curve standard. Details are given in
ref [4]. Figure 2a shows B-adjusted toughness data before
(Kjg) and after (K;) the CL adjustment for F82H-IEA
irradiated to = 7 dpa at 300 °C. The CL adjustment resulted
in AT, = 200 °C, = 60 °C more than the unadjusted case.
The AT,/Ac, of = 0.56 after adjustment is consistent with
larger CT specimen data as shown in Figure 2b, while it is
still smaller than the RPV data. The effect of strain-
hardening loss in irradiated TMS can be accounted for
using the change in flow stress, resulting in more consistent
AT ,/A<cg>= 0.68 in good agreement with the theoretical
study by Odette et al. [5] shown in Figure 2¢. The CL-
adjusted AT, data also showed good agreement with a
hardening based prediction model [6] shown in Figure 2d.
This research is on going.
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Fig. 2 a) 1T-conveted toughness data with MCs before (K;g) and
after (K;;) CL adjustment; b) AT, vs. Ac, relations in CL-adjusted
PCBB or CT specimens of irradiated F82H-IEA; c) AT, vs.
A<og> (flow stress change) compared with theoretical relation
study[5]; d) AT, in relatively high constraint specimens of F82H
irradiated at ~ 300°C with a model prediction[6].
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Irradiation up to 11 dpa at temperatures below 400°C
indicated that the magnitude of the shift in ductile-brittle
transition temperature (DBTT) to a higher temperature
depends on irradiation dose. This is important because
100°C is expected to be the lowest temperature of fusion
reactor blankets [1-3]. Current interest is to determine
whether or not there is a dose at which the change in
DBTT saturates, and to know the degradation level of
toughness at saturation. Additionally, the effect of
transmutation-formed helium on the mechanical properties,
especially fracture toughness, is one of the most important
issues that need to be understood for expected power plant
reactor application. The effects of irradiation up to 20 dpa
on the Charpy impact properties of reduced-activation
ferritic/martensitic steels (RAFs) were investigated.

The irradiation dose dependence of the shift in DBTT
(ADBTT) for F82H-IEA is summarized in Fig. 1.
Irradiation up to 5 dpa at 300°C shifted the DBTT up to
near room temperature, and there was no obvious
indication suggesting a saturation of the DBTT shift. On
the other hand, the DBTT was not further increased by an
increase in irradiation from 11 dpa [3] to 20 dpa at 380°C.
This result indicates the ADBTT induced by irradiation
around 380°C was saturated at 11 dpa.

The effects of prior austenite grain size on DBTT shift
were investigated by comparing F§2H-IEA (ASTM grain
size 3.3) to F82H-HT2 (ASTM grain size 6.5). The fine
grain structure in F82H-HT2 was obtained by
renormalizing F82H-IEA using a lower austenitization
temperature (920°C). The results show that the DBTT of
both unirradiated and irradiated HT2 are slightly (~20°C)
lower than for F82H-IEA, and the finer-grain F82H-HT2
has a higher USE than F82H-IEA. (see Fig. 2). From these
results, it is concluded that F82H-HT2 benefited from the
fine grain size after irradiation compared to F82H-IEA
steel.

The correlation between ADBTT and yield stress
increase (Acy) is shown in Fig. 3 for F82H-IEA, F82H-
HT2, F82H+2Ni, 9Cr-2WVTa and JLF-1. The three F82H
variants follow the same trend. Ni-doped specimens are
also on the same trend. From these data, the large ADBTT
of Ni-doped F82H could be explained as the effect of
radiation hardening, just as the other steels. The values for
9Cr-2WVTa and JLF-1 are slightly lower than the main
trend. The reason for this difference between F82H and the
two 9Cr steels was not clarified in this study, and will be
investigated further in the future.
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Fig. 1. Irradiation damage dependence of the DBTT of
F82H-IEA irradiated at 300°C and 380°C. Data points
indicated by small squares were reported elsewhere [3].
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Fig. 3. Relation between DBTT shift and yield stress
increase.
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The reduced activation ferritic/martensitic (RAF/M)
steel F82H is recognized to be a leading candidate
material for in-vessel components in a future fusion
DEMO reactor, as well as that for ITER test blanket
modules (TBM) in Japan [1]. Examination of the
neutron irradiation response of RAF/M steels has been
carried out mainly in DOE-JAEA collaborative
experiments using the High Flux Isotope Reactor at Oak
Ridge National Laboratory. F82H is the reference heat
for the collaborative experiments. The results of
recently completed post-irradiation  examination
demonstrated a remarkable improvement in the
irradiation-induced degradation of fracture toughness
after optimizing and tightening the heat treatment
condition. The degradation of fracture toughness was
evaluated by the shift of ductile to brittle transition
temperature (DBTT-shift). The optimization and
tightening of tempering condition are also revealed to
be effective for maintaining post-irradiation ductility.
DBTT-shift and reduction of ductility by irradiation
have been recognized to be critical issues for RAF/M
steels; therefore, the beneficial effect of the
optimization of tempering condition may be to extend
the service conditions of RAF/M steels.

After irradiation, the DBTT is known to be
dominated by hardness or flow stress level. Some of the
tensile results of irradiated weld joint specimens
indicated that the post-irradiation flow stress level
might be reduced by modification of tempering
conditions [2]. Based on this knowledge, ion and
neutron irradiation experiments have been carried out to
examine the dependence of post-irradiation hardness
and ductility on tempering conditions using hardness
and tensile specimens, respectively [3]. The specimens
were tempered between 700 and 800°C for 0.5 to 10 hrs
before irradiation. Results showed that longer tempering
times are beneficial for reducing the post-irradiation
hardness. Miniaturized bend bar specimens (half size of
1/3-CVN specimen) with fatigue pre-crack were
tempered at higher temperature and/or for longer time.
The specimens were irradiated to 20 dpa and tested at
several temperatures. Figure 1 shows the results. Data
points for IEA-F82H show the result at a reference
tempering condition of 750 °C for 1h. Data for a longer
tempering time (700°C for 10 hrs), noted as a “Mod1
Series” clearly exhibit lower DBTT after irradiation.
The DBTTs are about 0 and 50°C for Mod1 and IEA,
respectively. The DBTT reduced by about 50°C.
Although the 20 dpa damage level is much less than the
target of 100 dpa for DEMO, the tendency for the
DBTT-shift to saturate with increasing damage level
suggests that the large improvement of irradiation
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performance of DBTT would be maintained at higher
damage levels.

Results of irradiation experiments on mechanical
properties at temperatures from 250 to 500°C at damage
levels up to 20 dpa indicated that the irradiation effects
were in a manageable range. Improvements of post-
irradiation toughness and ductility by optimization and
tightening of tempering condition are quite beneficial to
expand the service condition of RAF/M and seem to
deliver more flexibility for DEMO design. The
methodology of improving post-irradiation toughness
and ductility is also expected to be applicable for other
RAF/M steels.
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Fig. 1. Temperature dependence of fracture toughness
of F82H specimens irradiated to 18 dpa Results
indicate remarkable reduction of radiation effect on
fracture toughness due to optimization/tightening of
tempering condition. Miniaturized bend bar specimens
were used. Data shown in circle were measured from
large size (1T-CT:1 inch thickness) specimens.
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To wvalidate the potential of reduced-activation
ferritic/martensitic steel (RAFM) as a structural material
for fusion power plants, the methodology for joining the
steel to form welds with adequate toughness before and
after irradiation must be developed. An irradiated tungsten
inert-gas (TIG) weld (weld metal, base metal and heat-
affected zone (HAZ)) of the IEA-modified F82H (F82H-
IEA) was investigated. Post-irradiation tensile tests and a
hardness trace across the irradiated weld joint was
conducted to investigate the mechanical property changes
of the TIG weld and to identify the location of the weld
that was involved with this low hardening.

Post-irradiation tensile tests of F82H-IEA TIG
weldment specimens were conducted. The results
indicated that the weld metal exhibited nearly the same
irradiation hardening as the base metal, but the HAZ
showed far less hardening than the base metal (Fig. 1).

The microstructure of the TIG weldment is shown in
Fig. 2. The microstructure consisted of 3 regions; i.e., weld
metal, HAZ, and base metal. The HAZ can be further
divided into 3 regions with obviously different
microstructures, and those regions are denoted with circled
numbers in Fig. 2. Here we call the boundary line between
region 1 and region 2 the transformation line, since
the a—y transformation occurred during welding within the
region inside these lines. It should be noted that the
microstructure of the weld metal was rather fine except for
the last pass region, and the HAZ was wider than that of a
single-pass weldment, since a multi-pass TIG weld was
used.

The microhardness profiles across the weld joint are
shown in Fig. 3. Figure 3 (a) shows that minimum
hardness was obtained for both unirradiated and irradiated
specimens in the “over-tempered region,” the region next
to the transformation line in region 1. On the other hand,
both the minimum AHv and the minimum hardening ratio
were obtained in the “over-tempered region” (region 1)
and “fine-grain region” (region 2) located next to the
transformation line in region 2.

The tensile results suggest that a TIG weld joint of
F82H exhibited low irradiation hardening in a tensile test,
compared to the base metal, and microhardness tests and
microstructure observation revealed that the over-tempered
zone in the HAZ exhibited similar good performance, i.c.,
low irradiation hardening. Hashimoto et.al. performed
transmission electron microscopy to analyze the
microstructure of these regions in the irradiated weldments
[2]. No visible dislocation loops were observed in the
over-tempered region and the fine-grained region. Small
dislocation loops were the main microstructural features in

2.
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F82H irradiated up to 5 dpa at 573K. This result indicates
that more active point defect absorption and re-
combination took place in those regions, and they show
smaller irradiation hardening as a result.
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Fig. 1. Tensile results of irradiated weldments and
unirradiated base metal [1].
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Fig. 2. Microstructure of TIG weldment and the definitions
of the different regions.

400

350

(a) Hv (irradiated)

300

250

rxf_y-

200 | g &
"=*"Hv (unirradiated

150

100 |

50

© Vickers hardness Hv(500gf)

-10 -5 0 5 10
istance from transformation line (mm)

Fig. 3. The profile of hardness over irradiated and
unirradiated weldments

K. Shiba, R.L. Klueh, Y. Miwa, N. Igawa, and J.P. Robertson,
Fusion materials semiannual progress report, DOE/ER-0313/28
(2000) 131

N. Hashimoto, R.L. Klueh, M. Ando, H. Tanigawa, T. Sawai,, K.
Shiba,. Fusion Sci. and Tech. 44 (2003) 490
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Reduced-activation  ferritic/martensitic  steels
(RAFs), such as F82H-IEA and its variants, ORNLICr-
2WVTa, JLF-1 and 2%Ni-doped F82H, show a variety
of changes in ductile-brittle transition temperature
(DBTT) and yield stress after irradiation at 573K up to
5 dpa [1]. These differences could not be interpreted as
an effect of irradiation hardening caused by dislocation
loop formation.

The effects of irradiation on precipitation of RAFs
were investigated to determine how these effects might
affect the mechanical properties. The precipitation
behavior of the irradiated steels was examined by
weight analysis, X-ray diffraction analysis and chemical
analysis on extraction residue.

The mass of extracted residue before and after
irradiation is shown in Fig. 1. Here the mass of residue
obtained with the coarse filter (column denoted ‘Large’)
is interpreted as the value corresponding to the mass of
large precipitates, and the difference of mass obtained
with the fine filter and the coarse filter (column denoted
‘Small’) is interpreted as that of the small precipitates.
These results indicate that during irradiation (1) the
mass of larger precipitates increased in F§2H-IEA, JLF-
I, ORNLOCr and F82H+2Ni, (2) small mass change
occurred in F82H HT2, (3) small precipitates
disappeared in JLF-1, and (4) the amount of small
precipitates doubled in F82H+2Ni.

The chemical composition of extracted residue was
analyzed and the results show that (1) the precipitates
consisted mainly of Cr, Fe, V and W, (2) Cr increased
after irradiation of each RAF except for JLF-1, and (3)
W decreased after irradiation. It should be noted that (1)
about half of the Ta was included in precipitates before
irradiation but dissolved after irradiation in JLF-1 and
ORNLOICr, and (2) the amount of Ni in precipitates
from F82H+2Ni doubled after irradiation.

The XRD analysis of extracted residue (Fig. 2)
revealed that the majority of precipitates are M»;Cq
type (denoted with diamond mark) for all unirradiated
and irradiated steels. Three distinctive peaks (denoted
with triangle) are observed on unirradiated JLF-1 and
ORNLO9Cr, and those peaks are not detected on
irradiated specimens. There is no exact match pattern
for those peaks, but the best match is for the TaC. This
supposition is quite reasonable as a high number density
of Ta- and V-rich precipitates is observed in these
steels[2], and this agrees with the change of V and Ta
mass in precipitates. The reason for these peak offsets
from TaC could be that MX is a combination of V- and
Ta-rich carbides, nitrides, and carbonitrides (M: Ta, V,
Ti; X: C, N). The other feature obtained from Fig. 2 is
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the decrease of the M,3;C¢ peaks of F82H-2Ni after
irradiation. It also should be noted that the spectra of all
irradiated specimens tended to have broad and shallow
peaks with the median about 42 degrees.

These analyses suggest that irradiation caused (1)
an increase of the amount of precipitates (mainly
Mj,;C¢), (2) an increase of Cr and decrease of W
contained in precipitates, and (3) the disappearance of
MX (TaC) in ORNLOCr and JLF-1.

4.0

=

% O Small precipitates - B

% 3.5 [ O Large precipitates . u

£

— | SRS T -

s 30 i

2 L

5 25 T H

2

S 20 1 H M T — e

=

§ 15 o

3

s 1.0 o

-

S

o os5F—HKFHF 4+ H - H - =

@

Ll

= 0o = - s ] =
fg E- E£3 Ed4 E<g
= = = c c E
oD E D:E 3= = o=
FB2H F82H JLF-1 CORMNLSCr FazH
-IEA HT2 +3Mi

Fig. 1. Mass of residue of unirradiated and irradiated
RAFs extracted with coarse filter (Large) and fine filter
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Creep behavior of RAFM irradiated at 300 and 500°C up to 5 dpa

Categry: Fusion engineering/HFIR
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H. Tanigawa, K. Shiba, S. Jitsukawa,

Y. Kohno**, A. Kohyama**

JAEA, *ORNL, ** Muroran Institute of Technology

Reduced activation ferritic/martensitic  steels
(RAFM) are the most promising candidates for blanket
structural materials for fusion reactors. Irradiation
creep has been recognized as one of the most important
properties for engineering data due to the blanket
structural design. Several researchers have reported
on irradiation creep and void swelling behavior of
austenitic stainless steels (Type 316 and PCA) and
ferritic steels (HT9 and 9Cr-1Mo) irradiated above
400°C[1-6]. In addition, some results of irradiation
creep experiments on RAFM above 390°C have been
reported by the Japan/US collaboration program for
fusion materials [7]. For fusion reactors, it is
anticipated that irradiation creep of RAFM at lower
temperatures could be also significant, and this would
have a large impact on the life expectancy of a
water-cooled blanket system. However, irradiation
creep behavior of RAFM at temperatures below 400°C
has not yet been reported.

In HFIR Phase IV program, creep tube specimens
irradiated up to 5dpa at 300 and 500°C were measured
in ORNL Hot Laboratory.

The materials were the RAFM steels (F82H
prepared by JAERI and JLF-1 prepared by MEXT). The
tube specimens had dimensions of 4.57mm outside
diameter and 22.4mm length with a 0.2mm wall
thickness as shown in Fig. 1. End caps were electron
beam welded to the tube segments, and the specimens
were pressurized with high purity helium (99.999% He)
to obtain the desired hoop stresses at the irradiation
temperatures. The hoop stresses ranged from 0 to
400MPa at the irradiation temperature. The diameter of
these tubes was measured in PNNL before irradiation.
Irradiation was performed in HFIR up to S5dpa. The
tubes were measured with a non-contacting laser
micrometer system.

Fig. 2 shows the relationship between the total
diamentral strain and the hoop stress in RAFM
irradiated at 300 and 500°C. RAFM steels exhibit
similar irradiation creep behavior at 300°C up to 5dpa.
The irradiation creep in these steels irradiated at 300°C
is almost linearly dependent on the hoop stress level
less than 380MPa. Above 380MPa, creep strain tends to
increase strongly with increasing stress. For 500°C
irradiation, the irradiation creep of F82H is linearly
dependent on the hoop stress level below 180MPa. At
higher stress levels, the creep strain increased strongly
in these steels because thermal creep had also occurred
during irradiation.
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A small piece was cut from the center of each
irradiated tube after diametral measurement. The
microstructural examination with FIBed samples and
replica films was carried out using TEM. At 300°C
irradiation, a microstructure in hoop stress level
250MPa was similar to a microstructure with
not-pressurized tube. Precipitates also were observed
along Lath and prior y-boundaries. As results of
extraction replica sample, finer spherical precipitations
were observed in highest hoop stress level. At 500°C
irradiation, large precipitations (>200nm) were
observed along the grain boundary in hoop stress level
200MPa.

These results provide the irradiation creep data for
a materials database for blanket structural design in
fusion reactors.

Fig. 1 Geometry of creep tube specimen

0.5

500°C

0.4
g
-§ . 300°C
? 03
E L
E .
5 o2
[a) «
2 v
F oo . * ¢

. .
) :
o ‘ ‘ ‘ ‘
0 100 200 300 400 500

Hoop Stress (GPa)

Fig. 2 Hoop stress dependence of irradiation creep at
300 and 500°C.
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Plastic property and fracture condition of structural steels after irradiation

Category: Fusion engineering/HFIR
Year-Number : 04-09 - No. 8
K.Suzuki, T.Taguchi, N.Okubo and S.Jitsukawa, JAEA

At temperatures lower than 700K, irradiation often cause a severe
hardening to introduce a large change in stress-strain relation [1]. The
present authors, however, have indicated that the plastic property
before and after irradiation may be expressed by a simple equation of
o =A(g + &)" (1) where &, €, A and n are an equivalent plastic
strain by irradiation hardening, plastic strain, strength coefficient and
work hardening exponent, respectively; A and n are the constants
without regard to the hardening level by irradiation. Similar
discussion has been also made in several researches [2-6]. The
present authors also indicated the relatively large margin to ductile
fracture was remained even after irradiation to some tens of dpas. In
case the equation (1) is applicable for the plastic property of irradiated
alloys, ductile fracture condition under tensile forces may be
estimated by e.g. Hill’s or Ghosh’s criteria [7, 8]. In other words,
irradiation hardened steel which has been recognized as a quasi-brittle
material is still ductile enough depending on the deformation mode.
In the present paper, plastic properties of irradiated steels are
introduced. Features of structural design criteria for intensely
irradiated steel component are also introduced.
A reduced activation ferritic steel F82H (0.1C-7.8Cr-2W-0.04Ta-Fe
bal) in normalized and tempered condition was used. Tensile
specimens of the steels were irradiated to 5 to 30 dpa at temperatures
between 250 to 400C in HFIR (some of the specimens were
irradiated in JMTR). Size of the gage region is 7.6mm long-1.5mm
wide-0.76mm-thickness. Specimens were also obtained from cold
worked plates. All the mechanical tests on irradiated specimens were
performed at room temperature in JMTR hot cell. The images of
gage region during deformation were recorded continuously.
Irradiation hardening caused to reduce tensile elongation (especially,
uniform elongation often reduced to zero) and to occur plastic
instability, as seen in the engineering stress-strain relation in the
literature [1]. The area at minimum cross section of the specimen
during the tensile test was evaluated from the image of the necked
region. From the area during testing and the engineering stress-strain
relation, an approximate true stress-true strain (Ts-s) curve has been
obtained (strain is in logarithmic strain). Results for the specimens
irradiated to 0, 5 and 20 dpa are shown in Fig. 1 (a). The curves for 5
and 20 dpa irradiated specimens were shifted along strain axis to
overlap the Ts-s curve for the unirrdiated specimen (see also Fig.
2(b)). The figure clearly shows that the curves overlap well with each
other, indicating that the equation (1) is applicable for the Ts-s relation
before and after irradiation without regard to irradiation damage
levels. The values of ¢0 applied for the curves of the specimens
irradiated to 5 and 20 dpa were of 0.33 and 0.7, respectively. Even
after irradiation to 20 dpa, residual ductility was about 30% of that
before irradiation. Indeed, as seen in Fig.2, effect of structural
discontinuity (circular hole at the center of the strip) was observed to
be relaxed during deformation before cracking had occurred [2];
general yield occurred before the load attained maximum suggesting
considerable level of margin remained even for the specimen with
discontinuity after irradiation and this was followed by neck
development (images of the deformed specimens were also reported
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[2]). Moreover, bend testing on simulated irradiation hardened
specimen by cold working exhibited no apparent plastic instability.
As indicated above, the margin to fracture can be determined as a
function of deformation mode either by calculation or experiment.
This is also true for austenitics [4]. Structural design criteria assuring
the structural integrity of intensely irradiated steel component
delivering more freedom to designing comparing with current
methodology has began to be developed based on the analysis of
plastic and ductile fracture condition behavior after irradiation[2].
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High Fluence Radiation Effects on Advanced SiC/SiC Composites

Category : Fusion Engineering / HFIR(No. 9)
Year Number: 99-09 — No. 9

Name: Y. Katoh, T. Nozawa*, L.L. Snead
Affiliation: ORNL, *JAEA

Silicon carbide (SiC) has been studied for fission fuel
applications for several decades, and for the past two
decades as the base material for SiC fiber-reinforced SiC-
matrix (SiC/SiC) composites, a potential high-temperature,
low-activation structural material for fusion energy. The
primary focus of study has been the development of a
radiation stable material, given the poor as-irradiated
performance of early materials. Over the past decade
significant progress has been made towards this goal with
the development of what is now considered a nuclear grade
SiC/SiC  composite composed of high purity, near-
stoichiometric, and dense fibers and matrix. However,
these composite materials have not been demonstrated to
retain such fundamental properties as strength and
dimensional stability under the high-dose irradiation typical
of power reactor blankets. In the DOE/JAEA fusion
materials collaboration, the high-dose stability of the
current nuclear grade SiC/SiC composite was examined.

The material examined was chemically vapor-
infiltrated (CVI) SiC matrix, Hi-Nicalon™ Type-S (HNLS)
SiC  fiber-reinforced  composite ~ with  multilayer
pyrocarbon/SiC interphase. Rectangular flexure beams
measuring 50.2 x 6.35 x 2.63 (mm) were irradiated in HFIR
to ~41 dpa at 800°C. Post-irradiation mechanical properties
are briefly discussed in the present report, whereas the more
detailed report is found elsewhere.[1]

The results of the post-irradiation examination are
summarized in Table 1. The composite material retained its
unirradiated ultimate and the proportional limit stresses
after irradiation. Moreover, no significant increase in data
scatter was observed for either property. Slight increases in
both the ultimate and proportional limit stresses may have

been the case, but this increase is not statistically significant.

Examples of the recorded load — crosshead displacement
curves are presented in Fig. 1, showing no noticeable
difference between the wunirradiated and irradiated
conditions. From these observations and accepted
composite theory it can be reasonably concluded that no
significant effect of irradiation on either the fracture energy
of the matrix material, CVI SiC or the statistical strength
properties of the reinforcing fibers.

The fracture surfaces of the broken samples were
examined, and high magnification images of both the
composite fracture surfaces and the fiber fracture surfaces
were compared for regions under tensile stress during
testing. The composite fracture surfaces were characterized
by generally very short yet finite fiber pull-out length and
debond/slide at the interface of the fiber and the interphase
whether or not the material has been irradiated. Both the
unirradiated and irradiated fiber surfaces appear to be
typical of those observed for intact Hi-Nicalon™ Type-S
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fibers, presenting river-like patterns originating from
indefinite mirrors around the fracture origins either on the
surface or at the fiber interior. No significant different in
the fracture surfaces, irradiated and unirradiated, was
observed.

The swelling and the through-thickness thermal
conductivity, shown in Table 1, indicated the absence of
progressive property evolution beyond a few dpa, proving
true saturation in key properties[2]. The electrical
resistivity measurement revealed a transition from the
unirradiated nearly temperature-independent conduction of
pyrocarbon interphase into a reduced, moderately
temperature-dependent conduction[1]. The effect of
irradiation on the composite electrical resistivity appeared
to be relatively minor. Overall, outstanding irradiation
resistance of the nuclear grade SiC/SiC composite to
neutron irradiation to a dose exceeding 40 dpa at
temperature of 800°C was demonstrated.

Table 1. Summary of unirradiated and irradiated properties.

2D-HNLS/ ML/CVI-SiC

Irradiation Temperature [°C] 800
Fast Fluence [dpa] Unirr. 40.7
Mass Density [g/cm’] ~2.4 ~2.4
Swelling [%] n/a 0.68 (0.01)
RT Thermal Conductivity [W/m-K] ~9.8 ~2.7
Young’s Modulus [GPa] 212 (10) 210 (8)
Number of Flexural Tests 8 7
Proportional Limit Stress [MPa] 317 (27) 330 (20)
Ultimate Stress [MPa] 444 (34) 461 (48)
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Fig. 1. Examples of four-point flexural load — crosshead

displacement curves for unirradiated and irradiated Hi-
Nicalon™ Type S, CVI SiC matrix composites. Charts are
offset for visibility purpose.
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Modeling the Influence of Helium on Iron-based Alloys
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In fusion applications, helium created by
transmutation plays an important role in the response of
reduced-activation ferritic/martensitic (RAFM) steels to
neutron radiation damage. We have performed extensive
atomistic simulations using the ORNL 3-body Fe-He
interatomic potential [1] combined with three interatomic
potentials for the iron matrix. Interstitial helium is very
mobile and coalesces together to form clusters; the growth
and mobility of these clusters has been investigated. When
an interstitial He cluster reaches sufficient size, it punches
out an Fe interstitial, creating an immobile helium—vacancy
cluster. If more helium atoms join it, more Fe interstitials
can be created; the He—V defect is a nascent bubble. These
mechanisms have been investigated together in simulations
that examine the nucleation of He defects. Mobile
interstitial He clusters and helium bubbles from 1 to 6 nm
in diameter were also simulated separately.

Helium-vacancy cluster growth and coalescence were
studied in molecular dynamics simulations to investigate
the nucleation of helium bubbles from interstitial helium
atoms using the Ackland iron and ORNL He-Fe potentials.
He interstitial cluster growth, coalescence and Frenkel pair
creation were almost negligible at 200K but prevalent at all
higher temperatures. The temperature affected not just the
rate but also the nature of the defect creation process. The
higher the temperature, the faster He atoms and clusters
diffuse, which makes coalescence occur faster. This is
balanced by higher temperatures leading to small clusters
being broken up, delaying the creation of larger, stable
clusters. The result is that that the cluster size distribution
is temperature dependant; higher temperatures lead to
fewer but larger clusters. Higher temperatures also increase
the number of Frenkel pairs likely to be emitted from a
larger He—V cluster.

Diffusion rates for clusters of 1 to 6 interstitial helium
atoms were calculated for several combinations of
potentials. Various combination of Fe and HE-Fe potentials
were compared. In general, larger clusters were found to
diffuse slower, however there were significant differences
between the potentials. He-2 clusters tended to have a
similar or lower energy barrier than single interstitial
helium atoms but still diffuse slower due to a lower pre-
exponential factor. The ORNL and Wilson potentials show
significantly higher barriers for He-3 and larger. The J-N
potential shows barriers of about 0.06eV for clusters of 1 to
4 interstitials, with the pre-exponential factor decreasing
with increasing cluster size. He-5 was found to have a
(usually substantially) lower migration barrier than He-4
with all combinations of potentials used. A possible
explanation is that the tetrahedral arrangement of He-4 is
much more stable due to its high symmetry that matches
the symmetry of the Fe matrix. He-5 configurations are far
less symmetrical and, in some potentials, allow for rapid
1D diffusion.
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In the investigation of helium bubbles, it was found
that the helium atoms stand off a small distance from the
surface iron atoms, leaving a between the He and Fe matrix
atoms on the surface of the bubble [2]. The gap was large
enough that the He atoms rarely come close enough to an
iron atom to invoke the 3-body component of the ORNL
Fe-He potential (range 2.2A), so their interactions are
effectively described by the pair part of the potential. The
helium density oscillates enough to suggest a shell structure
to the arrangement of atoms, but not enough to suggest
solid helium. This agrees with predictions that the helium
in the bubble would not be solid. In a void, the surface
matrix atoms relax inwards slightly, reducing the volume
of the void. At higher temperatures, they move in more due
to the thermal expansion of the iron. Adding helium to the
void pushes the atoms outwards, increasing the volume
again. The more helium added, the further the bubble
expands. There is a point where the forces balance and the
bubble is neither expanded nor contracted; the surface
atoms are at the same place as they would be in a perfect
lattice. We use this point as our condition for equilibrium.
The equilibrium He/V ratio is temperature and size
dependant. In general, the equilibrium He/V ratio is lower
for higher temperatures and larger bubbles.

Figure 1 shows the dilation of a 2 nm diameter bubble
as a function of He/V ratio for different temperatures. The
equilibrium ratio for each temperature can be determined
by where it crosses the horizontal zero line. At 2 nm, the
curves for the different temperatures are close together and
the equilibrium He/V ratios lie in the range 0.4-0.55; for
larger bubbles, the curves spread out more (not shown).

2nm He bubble (339 vacancies)

0.0154

—=— 100K
—e— 300K 5
0.0104 450K
—v— 600K gL
0.005 900K gl

0.000

-0.005

-0.010

o5

Change in radius (lattice parameters)

-0.020 T T T T
0.0 0.1 0.2 03 04 0.5 0.6

He / V ratio

Fig. 1. Dilation of 2 nm bubbles as a function of He/V ratio
at different temperatures.
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CHAPTER 2 FTPC

2.4.1 Superconducting Magnets

1. Journal Paper

No

10

11

Year

2002

2003

2003

2003

2004

2004

2005

2005

2006

2006

2006

Authors Title of Paper

N. Yanagi, J. Morikawa, T.
Mito, Y. Ogawa, S.
Hamaguchi, H. Chikaraishi, M.
Iwakuma, T. Uede, I. Itoh, S.
Nose, and S. Fukui

Engineering Research and Development of
Magnetically Levitated High-Temperature
Superconducting Coil System for Mini-RT
Project

Y. Ogawa, J. Morikawa, T.

Mito, N. Yanagi, M. lwakuma, Construction and Operation of an Internal
H. Nihei, K. Ohkuni, D. Hori, S. Coil Device with a High Temperature
Yamakoshi, I. Itoh, S. Nose, Superconductor

and T. Uede

T. Mito, N. Yanagi, Y.

Hishinuma, Y. Ogawa, J.

Morikawa, K. Ohkuni, M. Engineering Design of the Mini-RT Device
Iwakuma, T. Uede, S. Nose, I.

Itoh and S. Fukui

N. Yanagi, T. Mito, Y.
Hishinuma, Y. Ogawa, J.
Morokawa, K. Ohkuni, M.
Iwakuma, T. Uede, S. Nose,
and I. ltoh

Excitation Test Results of the HTS Floating
Coil for the Mini-RT Project

N. Yanagi, T. Mito, J.

Morikawa, Y. Ogawa, K.

Ohkuni, D. Hori, S. Experiments of the HTS Floating Coil System
Yamakoshi, M. Iwakuma, T.  in the Mini-RT Project

Uede, I. Itoh, M. Fukagawa,

and S. Fukui

Experimental Apparatus for Measuring the
Characteristics of HTS Coils under
Controllable Magnetic Field, Orientation
and Temparature

T. Hemmi, K. Takahata, T.
Mito, A. lwamoto, H. Tamura,
and N. Yanagi

N. Yanagi, T. Mito, T. Hemmi,
K. Seo, J. Morikawa, Y.
Ogawa, and M. lwakuma

Effective Resistance of the HTS Floating Coil
of the Mini-RT Project

T. Hemmi, N. Yanagi, K. Seo,

Experimental Evaluation of Loss Generation
R.Maekawa, K. Takahata, and P

in HTS Coils Under Various Conditions

T. Mito

Y. Ogawa, J. Morikawa, T. Application of high-temperature
Mito, N. Yanagi, and M. superconducting coil for internal ring
Iwakuma devices

T. Mito, A. Sagara, S.
Imagawa, S. Yamada, K.
Takahata, N. Yanagi, H.
Chikaraishi, R. Maekawa, A.
lwamoto, S. Hamaguchi, M.
Sato, N. Noda, K. Yamauchi,
A. Komori, and O. Motojima

Applied superconductivity and cryogenic
research activities in NIFS

T. Hemmi, N. Yanagi, G.
Bansal, K. Seo, K. Takahata,
and T. Mito

Electromagnetic behavior of HTS coils in
persistent current operations

2.4.2 Structural Materials

1. Journal Paper

No

1

2

Year

2001

2002

Authors Title of Paper
K. Morishita, T. Diaz de la Mobility of Self-interstitial Atom Clusters in
Rubia and A. Kimura Vanadium, Tantalum and Copper

A. Kimura, R. Kasada, K.
Morishita, R. Sugano, A.

Hasegawa, K. Abe, T. High Resistance to Helium Embrittlement in
Yamamoto, H. Matsui, N. Reduced Activation Martensitic Steels
Yoshida, B.D. Wirth and T.D.

de la Rubia

IEEE Trans.

IEEE Trans.

IEEE Trans.

IEEE Trans.

IEEE Trans.

IEEE Trans.

IEEE Trans.

IEEE Trans

Fusion Engineering and Design

Fusion Engineering and Design

Fusion Engineering and Design

Nuclear Instruments and Methods

Journal

Appl.

Appl.

Appl.

Appl.

Appl.

Appl.

Appl.

. Appl.

Supercond

Supercond

Supercond

Supercond

Supercond

Supercond

Supercond

Supercond

Journal

in Physical Research B

J. Nucl. Mater

Vol. (Year) Page (Start) -Page(End) or
Identification No.

12 (2002) 948-951

13 (2003) 643-644

13 (2003) 1500-1503

13 (2003) 1504-1507

14 (2004) 1539-1542

14 (2004) 1806-1809

15 (2005) 1399-1402

15 (2005) 1711-1714

81 (2006) 2361-2369

81 (2006) 2389-2400

81 (2006) 2463-2466

Vol. (Year) Page (Start) -Page(End) or
Identification No.

180 (2001) 66-71

307-311 (2002) 521-526

Year-Category-No.

2001-FT1-2

2001-FT1-2

2001-FT1-2

2001-FT1-2

2001-FT1-2

2001-FT1-2

2004-FT1-2

2004-FT1-2

2005-FT1-1

2005-FT1-1

2005-FT1-1

Year-Category-No.

2001
MM-32

2002
MM-27
MM-28



10

11

12

13

14

2002

2002

2004

2004

2005

2007

2008

2008

2008

2009

2009

2009

S. Jitsukawa, M. Tamura, B.
van der Schaaf, R.L. Kleuh, A.
Alamo, C. Petersen, M.
Schirra, P Spaetig, G.R.
Odette, A.A. Tavassoli, K.
Shiba, A. Kohyama and A.
Kimura

R.L. Klueh, D.S. Gelles, S.
Jitsukawa, A. Kimura, G.R.
Odette, B. van der Schaaf and
M. Victoria

D. C. Dube, P.D. Ramesh, J.
Cheng, M.T. Lanagan, D.
Agrawal and R. Roy

S. Jitsukawa, A. Kimura, A.
Kohyama, R.L. Klueh, A.A.
Tavassoli, B. van der Schaaf,
G.R. Odette, J.W. Rensman,
M. Victoria and C. Petersen

S.A. Maloy, M.R. James, T.J.
Romero, M.B. Toloczko, R.J.
Kurtz and A. Kimura

Kotaro ISHIZAKI, Kazuhiro
NAGATA

V.D. Buchelnikov, D. V.
Louzguine-Luzgin, G.Q. Xie, S.
Li, N. Yoshikawa, M.Sato

A.P. Anzulevich, I.V. Bychkov,
and A.Inoue

H.Tanigawa, T.Hirose,
K.Shiba, R.Kasada, E.Wakai,
H.Serizawa, Y.Kawahito,
S.Jitsukawa, A.Kimura,
Y.Kohno, A.Kohyama,
S.Katayama, H.Mori,
K.Nishimoto, R.L.Klueh,
M.A.Sokolov, R.E.Stoller,
S.).Zinkle

M. Tanaka, H. Kono, and K.
Maruyama

M.Ignatenko, M.Tanaka, and
M.Sato

A. Matsubara, S. Takayama,
S. Okajima and M. Sato

2. Conference Paper

No

Year

2001

2004

2008

2009

Authors

K. Morishita, R. Sugano, B.D.
Wirth, H. Iwakiri, T. Diaz de la
Rubia, N. Yoshida and A.
Kimura

M. Sato, S.Takayama

M. Sato, K. Nagata, A.
Matsubara, S.Takayama

M. Sato, N. Nishi, M. Tanaka,
A.Matsubara, S Takayama, H.
Fukushima, M. Ignatenko,
Rustum Roy, Dinesh Agrawal,
J. Fukusima

Development of an Extensive Database of
Mechanical and Physical Properties for
Reduced-Activation Martensitic Steel F82H

Ferritic/Martensitic Steels — Overview of
Recent Results

Experimental evidence of redistribution of
fields during processing in a high-power
microwave cavity

Recent Results of the Reduced Activation
Ferritic/Martensitic Steel Development

Tensile properties of the NLF reduced
activation ferritic/martensitic steels after
irradiation in a fast reactor spectrum to a
maximum dose of 67 dpa

Selectivity of Microwave Energy
Consumption in the Reduction of Fe304
with Carbon Black in Mixed Powder

Heating of metallic powders by
microwaves: Experiment and theory

Numerical study of microwave heating of
micrometer size metal particles

Technical issues of reduced activation
ferritic/martensitic steels for fabrication of
ITER test blanket modules

Selective heating mechanism of magnetic
metal oxides by a microwave magnetic field

Handling Technology of Mega-Watt
Millimeter-Waves For Optimized Heating of
Fusion Plasmas

Evolution of the near-UV emission spectrum
associated with the reduction process in the
microwave iron making

Title of Paper

Atomistic Simulation Study of Helium
Behavior in Iron and Helium Desorption
Experiments

Microwave Sintering Technology in Japan

Greener Steel Making Process by
Microwave Irradiation with Discharges

Formation of Nano-Domains by Microscopic
Thermal Non-Equilibrium Generated in GHz
High Frequency Microwave Field

J. Nucl. Mater

J. Nucl. Mater

Appl. Phys. Lett.

J. Nucl. Mater

J. Nucl. Mater.

ISl.

J. Appl. Phys.

ISl (Iron and Steel Institute of
Japan)

Fusion Engineering and Design

Phys. Rev. B

Jpn.J.Appl.Phys.

J. Microwave Power
Electromagnetic Energy

Conference Name

Proc. of the CARET Symposium on

Advanced Research of Energy
Technology

4th International Congress on

Microwave and Rf Applications

ICPOS2008

Ist Global Cong MW Energy

Applications, August 2008, Japan

307-311 (2002) 179-186

307-311 (2002) 455-465

85 (16) (2004) 3632-3624

329-333 (2004) 39-46

341 (2005) 141-147

47 (2007) 811-816

104 (2008) 113505

48 (2008) 681-684

83 (2008) 1471-1476

79 (2009) 10442

48 (2009) 067001

42(2008) 4

Month Date, Year, Place, Country

March 18-16,2001, Sapporo, Japan

Nov.7-11, Texas Austin

June 15-19 (2008) Karlsruhe,
Germany

Aug.7-10,2008, Otsu, Japan

2002
MM-27
MM-28

2002
MM-27
MM-28

2004-FT2-1

2004
FT2-2

2004
FT2-2

2004-FT2-1,
2005-FT2-1,
2006-FT2-1,
2007-FT2-1

2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2
2004-FT2-1,
2005-FT2-1,
2006-FT2-1,
2007-FT2-1

2008
MM- 19

2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2
2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2
2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2

Year-Category-No.

2001-MM-32

2004-FT2-1,

2004-FT2-1,
2005-FT2-1,
2006-FT2-1,
2007-FT2-1

2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2
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2009

2009
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M.Sato

M.Tanaka, H.Kono,
K.Maruyama, and
M.Ignatenko

K.Nagata, K. Ishizaki,
M.Kanazawa, T. Hayashi,
M.Sato, A.Matsubara,
S.Takayama, O.Motojima,
D.Agrawal, R. Roy

Microwave Excited Non-equilibrium
Reaction Field that Brings Revolution to Key
Industries of 21 Century - IEICE MWE2009"
2009

Classical and Quantum
Mechanical Theories of Microwave Heating
of Magnetic Materials

A Concept of Microwave Furnace for Steel
Making in Industry Scale

2.4.3 Plasma Heating Related Technologies

1. Journal Paper

No

7

8

Year

2001

2002

2004

2004

2005

2005

2009

2010

Authors

M. A. Shapiro, T. S. Chu, D. R.
Denison, M. Sato, T.
Shimozuma, R. J. Temkin

N. Takeuchi, R. Kumazawa, K.
Saito, T. Watari, T. Seki, et al.

N. Takeuchi, T. Seki, Y. Torii,
K. Saito, T. Watari, et al.

Y. Takase, C.P. Moeller, T.
Seki, N. Takeuchi, T. Watari,
etal.

N. Takeuchi, T. Seki, K. Saito,
T. Watari, R. Kumazawa, et al.

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Ito, T.
Notake, S. Kubo, Y.
Yoshimura, S. Kobayashi, Y.
Mizuno, Y. Takita, K. Ohkubo

T. Shimozuma, S. Kubo, Y.
Yoshimura H. Igami, H.
Takahashi, Y. Takita, S.
Kobayashi, S. Ito, Y. Mizuno,
H. Idei, T. Notake, M. A.
Shapir, R. J. Temkin, F. Felici.
T. Goodman, O. Sauter, R.
Minami, T. Kariya, T. Imai and
T. Mutoh

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Kubo,
H. Igami, Y. Yoshimura, H.
Takahashi, S. Ito, S.
Kobayashi, Y. Mizuno, Y.
Takita and T. Mutoh

2. Conference Paper

No

Year

2001

2003

2003

2004

Authors

N. Takeuchi, K. Saito, R.
Kumazawa, T. Watari, et al.

N. Takeuchi, T. Seki, Y. Torii,
K. Saito, et al.

T. Shimozuma, H. Idei, M. A.
Shapiro, T. Notake, S. Ito, S.
Kubo, R. J. Temkin and K.
Ohkubo

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Ito, T.
Notake, S. Kubo, Y.
Yoshimura, S. Kobayashi, Y.
Mizuno, Y. Takita and K.
Ohkubo

Title of Paper

Design of correcting mirrors for a gyrotron
used at Large Helical Device

The radio frequency charactertistics of the
combline antenna

Variation of N// and its effect on fast wave
electron heating on LHD

Development of a fishbone travelling wave
antenna for LHD

Studies of the electrical properties of the
LHD combline antenna

Alignment Method of ECH Transmission
Lines Based on the Moment and Phase
Retrieval Method Using IR Images

Handling Technology of Mega-Watt
Millimeter-Waves For Optimized Heating of
Fusion Plasmas

Mode-Content Analysis and Field
Reconstruction of Propagating Waves in
CorrugatedWaveguides of an ECH System

Title of Paper

The Radio Frequency Characteristics of the
Combline antenna

Ray tracing calculation for the fast wave
electron heating on LHD

Alignment Method of Transmission Lines
Based on the Moment and Phase Retrieval
Method Using IR images

Alignment Method of Transmission Lines
Based on the Moment and Phase Retrieval
Method Using IR images

IEICE MWE2009 Nov. 16-18, 2009, Yokohama, Japan

Sep 16-21, Karlsruhe, Germany
(AMPERE Europe,The 2009 Best
Paper Award )

12th AMPERE International
Conference 2009

12th AMPERE International

Conference 2009 Sep 16-21, Karlsruhe, Germany

Vol. (Year) Page (Start) -Page(End) or

Journal o
Identification No.

Fusion Engineering and Design 53 (2001) 537-544

Journal of Plasma Fusion Research

5(2002) 314-317
SERIES

Journal of Plasma Fusion Research

6 (2004) 642-646
SERIES

Nuclear Fusion 44 (2004) 296-302

Fusion Science and Technology 48 (2005) 1267-1284

J. Plasma Fusion Res. 81 (2005) 191 - 196

Journal of Microwave Power &

, 43 (2009) 60-70
Electromagnetic Energy

Plasma and Fusion Research 5(2010) S1029-1-5

Conference Name Month Date, Year, Place, Country

The 12th International Toki

Dec. 11-14, 2001, Toki, Japan
Conference

The 13th International Toki

Dec. 9-12, 2003, Toki, Japan
Conference

EU-US-JA RF heating technology

Sept. 25-26, Tokai, Ib i, )
workshop 2003 R , Tokai, Ibaragi, Japan

15th Nucler Fusion Energy

June 17-18,2004, Sendai, Japan
Conference

2004-FT2-1,
2005-FT2-1,
2006-FT2-1,
2007-FT2-1

2004-FT2-1,2-3,
2005-FT2-1,2-3,
2006-FT2-1,2-2,
2007-FT2-1,2-2

2004-FT2-1,
2005-FT2-1,
2006-FT2-1,
2007-FT2-1

Year-Category-No.

2005-FT3-5
2003-FT3-7
2000-FT3-3

2002-FT3-2

2003-FT3-3

2003-FT3-3

2003-FT3-3

2005-FT3-5
2003-FT3-7
2000-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

Year-Category-No.

2002-FT3-2

2003-FT3-3

2000-FT3-3
2005-FT3-5

2003-FT3-7
2000-FT3-3



10

11

12

13

14

15

2005

2007

2007

2008

2008

2008

2008

2008

2009

2009

2009

T. Shimozuma, S. Kubo, Y.
Yoshimura, H. Igami, H. Idei,
T. Notake, S. Ito, S. Kobayashi,
Y. Mizuno, Y. Takita, M. A.
Shapiro, R. J. Temkin, K.
Ohkubo and T. Mutoh

T. Oosako, et al.

T. Shimozuma, H. Idei,
M.Shapiro, R.J.Temkin, S.
Kubo, Y. Yoshimura, H. Igami,
T. Notake, S. Ito, S. Kobayashi.
Y. Mizuno, Y. Takita, T. Mutoh

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Kubo,
H. Igami, Y. Yoshimura, H.
Takahashi, S. Ito, S.
Kobayashi, Y. Mizuno, Y.
Takita and T. Mutoh

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Kubo,
Y. Yoshimura, H. Igami, H.
Takahashi, S. Ito, S.
Kobayashi, Y. Mizuno, Y.
Takita and T. Mutoh

T. Shimozuma, H. Idei, M. A.
Shapiro, R. J. Temkin, S. Kubo,
Y. Yoshimura, H. Igami, H.
Takahashi, T. Notake, S. Ito, S.
Kobayashi, Y. Mizuno, Y.
Takita and T. Mutoh

T. Shimozuma, S. Kubo, Y.
Yoshimura, H. Igami, H.
Takahashi, Y. Takita, S.
Kobayashi, S. Ito, Y. Mizuno,
H. Idei, T. Notake, M. A.
Shapiro, R. J. Temkin, F. Felici,
T. Goodman, O. Sauter, and T.
Mutoh

T. Shimozuma, S. Kubo, Y.
Yoshimura, H. Igami, H.
Takahashi, Y. Takita, S.
Kobayashi, S. Ito, Y. Mizuno,
H. Idei, T. Notake, M. A.
Shapiro, R. J. Temkin, F. Felici,
T. Goodman, O. Sauter, R.
Minami, T. Kariya, T. Imai and
T. Mutoh

M. Shapiro, E. Kowalski, B.
Munroe, E. Nanni, J. Sirigiri,
D. Tax, R. Temkin et al.

T. Shimozuma, H. Takahashi,
S. Ito, Y. Mizuno et al.

T. Shimozuma, S. Kubo, Y.
Yoshimura, H. Igami, H.
Takahashi, R. Ikeda, N.
Tamura, S. Kobayashi, S. Ito,
Y. Mizuno, Y. Takita, T.
Mutoh. R. Minami, T. Kariya,
T. Imai, H. Idei, M.A. Shapiro,
R.J. Temkin, F. Felici, T.
Goodman, and O. Sauter

Improvement of ECH System for High
Performance Experiments in LHD

Combline Antenna for Lower Hybrid Current
Start-up Experiments in Tokyo Spherical
Tokamak-2

Efficiency improvement in long-distance
transmission of high-power millimeter
waves by propagating mode analysis in
corrugated waveguides

Propagating Mode Contents in the
Corrugated Waveguides of ECH System for
Precise Alignment

In-situ mode analysis of high power
millimeter-waves propagating in the
corrugated waveguide

Propagating Mode Analysis and Field
Reconstruction in the Corrugated
Waveguides of a High Power Electron
Cyclotron Heating System

Recent Studies toward Improvement of
Total ECH Efficiency in LHD

HANDLING TECHNOLOGY OF MEGA-WATT
MILLIMETER-WAVES FOR OPTIMIZED
HEATING OF FUSION PLASMAS

Losses, Multimode Propagation and Mode
Conversion in ECH Transmission Lines

Improvement of Overall Efficiency in Large
Scale ECH System for LHD

Activities on Realization of High-Power and
Steady-State ECRH System and
Achievement of High Performance Plasmas
in LHD

EU-US-JA RF heating technology
workshop 2005

Korea-Japan workshop on heating
technology of Fusion plasmas

24th annual meeting of the Japan
Soc. of Plasma Physics and
Nuclear Fusion Research

18th International Toki
Conference (ITC18)

25th annual meeting of the Japan
Soc. of Plasma Physics and
Nuclear Fusion Research

IRMMW-THz 2008

US-EU-JPN RF Heating Technology
Workshop 2008

Global Congress on Microwave
Energy Applications GCMEA 2008
MAJIC 1st

US-EU-JPN RF Heating Technology
Workshop 2009

26th annual meeting of the Japan
Soc. of Plasma Physics and
Nuclear Fusion Research

18th Topical Conference on Radio
Frequency Power in Plasmas

Jun. 15-18, 2005, Santa Cruz,
California, USA

Oct.16-17, 2007, Jeju, Korea

Nov. 27-30, 2007, Himeji, JAPAN

Dec. 9 - 12, 2008, Toki, Japan

Dec. 2-5, 2008, Utsunomiya, Japan

Sept. 15-19, 2008, Pasadena,
California USA

Sept. 10-12, 2008, San Diego,
California, USA

Aug. 4-8, 2008, Otsu, JAPAN

Sept. 16-18, 2009, Fukuoka, Japan

Dec. 1-4, 2009, Kyoto, Japan

Jun. 24 - 26, 2009, Gent, Belgium

2005-FT3-5

2005-FT3-2
2006-FT3-2

2007-FT3-6
2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3

2009-FT3-3

2009-FT3-3

2007-FT3-6
2008-FT3-1
2009-FT3-3



2.4.4 Blankets

1. Journal Paper

No Year
1 2000
2 2000
3 2002
4 2005
5 2006
6 2007
7 2009

Authors

S.Ebara, S.toda and
H.Hahsizume

B. van der Schaaf, D.S. Gelles,

S. Jitsukawa, A. Kimura, R.L.
Klueh, A. Moslang and G.R.
Odette

S. Satake, T.Kunugi, and S.
Smolentsev

Masumi Okumura, Kazuhisa
Yuki, Hidetoshi Hashizume,
Akio Sagara

Shin-Ya Chiba, Kazuhisa Yuki,

Hidetoshi Hashizume, Saburo

Toda,Akio Sagara

Masaaki Satake, Kazuhisa
Yuki, Hidetoshi Hashizume

H. Hashizume, K. Yuki, N.
Seto, A. Sagara

2. Conference Paper

No Year
1 2002
2 2003
3 2006

Authors

S. Satake, T. Kunugi, and S.
Smolentsev

K. Yuki, K. Okuyama, S. Toda,
H. Hashizume, T. Muramatsu

S. Toda, K. Yuki, S. Ebara, Y.
Kunikata, J. Abei and H.
Hashizume

Title of Paper

Application of Porous Matrix to High Heat

Load Removal

Progress and Critical Issues of Reduced
Activation Ferritic/Martensitic Steel

Development

Journal

Heat and Mass Transfer

J. Nucl. Mater

Advances in direct numerical simulation for

MHD modeling of free surface flows

Fusion Engineering and Design

Evaluation of Flow Structure in Packed-Bed

Tube by Visualization Experiment

Numerical research on heat transfer
enhancement for high Prandtl-number Fluid

Reproduction of behavior of 2-D channel
flow with two rods by using k-e model

Feasibility Study of Flibe TBM baaed on

Thermofluid Analysis

Title of Paper

Fusion Science and Technology

Fusion Engineering and Design

Fusion Science and Technology

Fusion Science and Technology

Conference Name

Advances in direct numerical simulation for Int. Symp. Fusion Nuclear

MHD modeling of free surface flows

Investigation of Non-Isothermal Fluid

Technology 6

Mixing and Wall Temperature Fluctuation in

At-Junction which has a 90-degree Bend in

the Upstream Area

Development of an Advanced Cooling
Device Using Porous Media with Active
Boiling Flow Counter to High Heat Flux

2.4.5 In-Vessel/High Heat Flux Materials and Components

1. Journal Paper

No Year
1 2001
2 2002
3 2002
4 2003
5 2003
6 2003

Authors

E. M. Hollmann, D.G. Whyte,
D. Nishijima, N. Ohno et al.

R. E. Nygren

K. Tokunaga, R. P. Doerner, R.

Seraydarian, N. Noda, N.
Yoshida, T. Sogabe, T. Kato
and B. Schedler

R.P. Doerner, M.J. Baldwin,
S.1. Krasheninnikov, D.G.
Whyte

Y. Ueda, K. Tobita, Y. Katoh

J.P. Sharpe, V. Rohde, the

ASDEX-Upgrade experimenta

team, A. Sagara, H. Suzuki, A.

Komori, O. Motojima and the

LHD experimental group

Title of Paper

Evidence for the importance of radial
transport in plasma detachment in the
Nagoya University Divertor Simulator

(NAGDIS-II)

Actively cooled plasma facing components
for long pulse high power operation

NURETH-10

Int. Symp. Fusion Nuclear
Technology 6

Journal

Physics of Plasmas

Fusion Engineering and Design

Modification of tungsten coated carbon by

low energy and high flux deuterium

irradiation

Behavior of high temperature liquid
surfaces in contact with plasma

PSl issues at plasma facing surfaces of

blankets in fusion reactors

Charactarization of dust collected from

ASDEX-Upgrade and LHD

Journal of Nuclear Materials

Journal of Nuclear Materials

Journal of Nuclear Materials

Journal of nuclear materials

Vol. (Year) Page (Start) -Page(End) or

Identification No.

36 (2000) 273-276

283-287 (2000) 52-59

61-62 (2002) 95-102

47 (4) (2005) 1089-1093

81 (2006) 513-517

52 (4) (2007) 817-820

56 (2) (2009) 892-896

Month Date, Year, Place, Country

April 7-12, 2002, San Diego, USA

October 5-9, 2003, Seoul, Korea

August 13-18, Sydney, Australia

Vol. (Year) Page (Start) -Page(End) or

Identification No.

8(2001) 3314-3320

60 (2002) 547-564

307-311(2002) 126-129

313-316 (2003) 383-387

313-316 (2003) 32-41

313-316 (2003) 455-459

Year-Category-No.

2000-FT4-8

2000
FT4-13
MM-3
MM-25
MM-26

2000-FT4-7

2000-FT4-6

2005-FT5-2

2006-FT5-2

2008-FT5-1

Year-Category-No.

2000-FT4-7

2000-FT4-6

2002-FT4-5

Year-Category-No.

2000-FP5-8

2002-FT5-1

2000- FT5-10

2002-FT5-1

2002-FT5-1

2000-FT6-7
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11

12
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14

15

16

17

18

19

2003

2004

2005

2005

2006

2006

2007

2009

2009

2009

2009

2009

2010

K. Tokunaga, R. P. Doerner, R.
Seraydarian, N. Noda, Y.
Kubota, N. Yoshida, T.
Sogabe, T. Kato and B.
Schedler

D. Nishijima, M.Y. Ye, N.
Ohno, S. Takamura

Hisae Togashi, Kazuhisa Yuki,
Hidetoshi Hashizume

K. Tokunaga, M.J. Baldwin,
R.P. Doerner, N. Noda, Y.
Kubota, N. Yoshida, T.
Sogabe, T. Kato and B.
Schedler

R.E. Nygren, M.A. Ulrickson,
T.J. Tanaka, D.L. Youchison,
T.J. Lutz, J. Bullock, K.J. Hollis

S. TAKAMURA, N. OHNO, D.
NISHUIMA and S. KAJITA

N. Ohno, S. Kajita, Dai
Nishijima, S. Takamura

C.P.C. Wong

J.P. Sharpe, R.D. Kolasinski,
M. Shimada, P. Calderoni,
R.A. Causey

M. Miyamoto , D. Nishijima,
Y. Ueda, R.P. Doerner, H.
Kurishita , M.J. Baldwin , et al.

R.A. Causey, R. Doerner, H.
Fraser, R.D. Kolasinski, J.
Smugeresky, K. Umstadter, R.
Williams

S. Sharafat, A. Takahashi, Q.
Hu, N.M. Ghoniem

H. Kurishita, S. Matsuo, H.
Arakawa, T. Sakamoto, et al.

2. Conference Paper

No

1

2

3

Year

2002

2003

2004

Authors

Y. Ueda, K. Tobita, Y. Katoh

T. Muroga, H. Watanabe, K.
Fukumoto, M. Satou, A.
Kimura, S.J. Zinkle, N.
Hashimoto, D.T. Hoelzer and
A.L.Qualls

R. P. Doerner, M. J. Baldwin,
S. I. Krasheninnikov, and K.
Schmid

Surface morphology and helium retention
on tungsten exposed to low energy and high
flux helium plasma

Incident ion energy dependence of bubble
formation on tungsten surface with low
energy and high flux helium plasma
irradiation

Heat Transfer Enhancement Technique with
Copper Porous Media

Blister formation and deuterium retention
on tungsten exposed to low energy and high
flux deuterium plasma

ITER first wall Module 19—The US effort

Formation of Nanostructured Tungsten with
Arborescent Shape due to Helium Plasma
Irradiation

Surface modification at tungsten and
tungsten coated graphite due to low energy
and high fluence plasma and laser pulse
irradiation

Innovative tokamak DEMO first wall and
divertor material concepts

Retention behavior in tungsten and
molybdenum exposed to high fluences of
deuterium ions in TPE

Observations of suppressed retention and
blistering for tungsten exposed to
deuterium—helium mixture plasmas

Defects in tungsten responsible for
molecular hydrogen isotope retention after
exposure to low energy plasmas

A description of bubble growth and gas
release of helium implanted tungsten

Development of re-crystallized W-1.1%TiC
with enhanced room-temperature ductility
and radiation performance

Title of Paper

PSl issues at plasma facing surfaces of
blankets in fusion reactors

Summary of the Varying Temperature
Irradiation Experiment in HFIR

High temperature erosion of Beryllium

Journal of Nuclear Materials

Journal of Nuclear Materials

Fusion Science and Technology

Journal of Nuclear Materials

Fusion Engineering and Design

Plasma and Fusion Research

Journal of Nuclear Materials

Journal of Nuclear Materials

Journal of Nuclear Materials

Nuclear Fusion

Journal of Nuclear Materials

Journal of Nuclear Materials

Journal of Nuclear Materials

Conference Name

15th International Conference on
Plasma Surface Interactions in
Controlled Fusion Devices

Proc. of 15th Topical Meeting on
the Technology of Fusion Energy
(TOFE-15), Fusion Science and
Technology

16th International Conference on
Plasma Surface Interactions in
Controlled Fusion Devices

313-316 (2003) 92-96

313-316 (2004) 97

47 (2005) 740-745

337-339 (2005) 887-891

81 (2006) 387-392

1 (2006) 051

363-365 (2007) 1153-1159

390-391 (2009) 1026-1028

390-391 (2009) 709-712

49 (2009) 065035

390-391 (2009) 717-720

386-388 (2009) 900-903

398 (2010) 87-92

Month Date, Year, Place, Country

May 27 - May 31, 2002, Gifu, Japan

Nov.17-21, 2002, Washington,D.C.,
USA

May 24-28, 2004, Portland, USA

2001-FT5-06

2004-FT5-3

2004-FT5-4

2005-FT5-3
2001-FT5-06

2005-FT5-3

2005-FT5-3

2007-FT5-1

2007-FT5-1

2009-FT5-1

2009-FT5-1

2009-FT5-1

2005-FT5-3

2009-FT5-1

Year-Category-No.

2002-FT5-1

2003
FT5-2
MM-30

2002-FT5-1



4

5

6

2007

2009

2009

2.4.6 Others

Kazuhisa Yuki, Akira Matsui,
Hidetoshi Hashizume

H. Kurishita

R. Nygren

1. Journal Paper

No

Year

2003

2003

2005

2006

2006

2007

2008

2009

Authors

R. Tsuji

T. Norimatsu, K. Nagai, T.
Takeda, K. Mima, and T.
Yamanaka

K. Nagai, H. Azechi, F. Ito, A.
Iwamoto, Y. Izawa, T.
Johozaki, R. Kodama, K.
Mima, T. Mito, M. Nakai, N.
Nemoto, T. Norimatsu, Y.
Ono, K. Shigemori, H. Shiraga,
K. A. Tanaka

K. Furuichi, H. Takata, T.
Motoshima, S. Satake, M.
Nishikawa

M. Nishikawa, K. Furuichi, H.
Takata

K. Furuichi, H. Takata, T.
Motoshima, S. Satake, M.
Nishikawa

T. Goto, Y. Ogawa, K. Okano
etal.

T. Goto, Y. Someya, Y. Ogawa
etal.

2. Conference Paper

No

Year

2003

2004

2007

2008

Authors

T. Norimatsu, K. Nagai, T.
Yamanaka and Y. Izawa

T. Norimastu, H. Azechi, et al.

T. Goto, Y. Someya, Y. Ogawa
etal.

T. Goto, Y. Someya, Y. Ogawa
etal.

Heat removal performance of particle-
sintered porous media counter to heat flux
input and its phase change characteristics

Markedly Refined W added with TiC
Exhibiting Low DBTT and High Radiation
Durability

Making Tungsten Work

Title of Paper

Flying metal pipe for target transport in
inertial fusion energy reactor

Update for the drag force on an injected
pellet and target fabrication for Inertial
fusion

Foam materials for cryogenic targets of fast
ignition realization experiment (FIREX)

Study on behavior of tritium in concrete
wall

Study on permeation behavior of gaseous
tritium through concrete walls

Evaluation of tritium behavior in concrete

Analysis of a core plasma dynamics and dry
wall chamber for fast-ignition IFE power
plant

Conceptual design of fast-ignition laser
fusion reactor FALCON-D

Title of Paper

Experimental Simulation on Protection of
Final Optics from Metal Vapor in a Wet-Wall
Laser Fusion Reactor

Development of Key Technologies in DPSSL
System for Fast-ignition, Laser Fusion
Reactor - FIREX, HALNA, and Protection of
Final Optics

Analysis of a core plasma dynamics and dry
wall chamber for fast-ignition IFE power
plant

Conceptual design of fast-ignition laser
fusion reactor FALCON-D

Second international conference

on porous media and its
applications in science,
engineering and industry

14th International Conference on

Fusion Reactor Materials

14th International Conference on

Fusion Reactor Materials

Journal

Fusion Science and Technol.

Fusion Sci. Technol.

Nucl. Fusion

Journal of Nuclear Materials

Fusion Science and Technology

Journal of Nuclear Materials

Journal of Physics: Conference
Series

Nuclear Fusion

Conference Name

Inertial Fusion Science and
Application

20th IAEA Fusion Energy
Conference

The fifth International Conference

on Inertial Fusion Sciences and
Applications (IFSA2007)

22nd IAEA FEC

June 17-22,2007,Hawaii, USA

Sept. 6-11, 2009, Sapporo, Japan

Sept. 6-11, 2009, Sapporo, Japan

Vol. (Year) Page (Start) -Page(End) or
Identification No.

43 (2003) 327-333

43 (2003) 339-345

45 (2005) 1277-1283

350 (2006) 246-253

50 (2006) 521-527

360-370 (2007) 1243-1247

112 (2008) 032038 (4pp)

49 (2009) 075006 (8pp)

Month Date, Year, Place, Country

Monterey, USA

1-6 Nov. (2004), Vilamoura,
Porutogal, FT/2-1Rb

9-14 September 2007, Kobe, Japan

13-18 October 2008, Geneva,
Switzerland

2005-FT5-2

2009-FT5-1

2009-FT5-1

Year-Category-No.

2002-FT6-5

2002-FT6-5

2002-FT6-5

2002-FT6-7
2004-FT6-3

2002-FT6-7
2004-FT6-3

2002-FT6-7
2004-FT6-3

2008-FT6-4

2008-FT6-4

Year-Category-No.

2002-FT6-5

2002-FT6-5

2007-FTe-4

2007-FTe6-4



CHAPTER 3 FPPC

The publication lists in the four categories of 3.4.1 Steady-state Operation, 3.4.2 MHD and High Beta, 3.4.3 Confinement, 3.4.4 Diagnostics are combined into the
following list, because some papers are difficult to be sorted into one category.

1. Journal Paper

Vol. (Year) Page (Start) -Page(End) or

No Year Authors Title of Paper Journal . Year-Category-No.
Identification No.
Ultra-High Beta Spherical Tokamak
1 2000 Y. Ono and M. Inomoto Formation by Use of Oblate Field-Reversed Physics of Plasmas 7 (2000) 1863-1869 2000-FP2-14
Configuration
Y.Oka, Y.Takeiri, K.Tsumori,
2 2001 Mgl Glewsle, Performance of LHD-NBI H-ion source Rev.Sci.Instrum. 73 (2002) 1054-1057 2001-FP4-04
K.lkeda, M.Hamabe, E.Asano,
T.Kawamoto, L.Grisham
M. Ono, M.G. Bell, M. Nagata, Overview of the initial NSTX experimental . 2000-FP4-8
3 2001 & verview init H{pel] Nuclear Fusion 41 (2001) 1435-1447
etal. results 2000-FP4-9
. Linear Gyroviscous Stability of Field-
N.lwasawa, A.Ishida, X . . . .
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Matsuyama, T. Murata, M.
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R. Raman, M. Bell,...,M.
Nagata,..., et al.

Y. Ono
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al.
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Akiyama, K. Ida, K. Toi, K.
Matsuoka and S. Okamura

Y. Ono

A. Ishida, C.0. Harahap, L.C.
Steinhauer, Y.-K. M. Peng

Y. Ono

Recent Progress of Laboratory Reconnection
Experiments at TS-3 and 4

Results of High Harmonic Fast Wave Heating
Experiments on NSTX

Ultra-High-Beta Spherical Tokamak
Experiments in TS-3 and 4

Coaxial Helicity Injection for plasma start-up
in NSTX

Current Sheet Structures in TS-3 and 4
Reconnection Experiments

Electron Cyclotron Emission Imaging on LHD

Helicity Evolutions of Merging spheromaks
with Co- and Counter-Helicity in TS-3 and 4
Experiments

Progress in Millimeter-Wave Imaging
Diagnostics

Progress with Helicity Injection Current
Drive

Reconnection Startup/ Heating of High-Beta
Spherical Tokamaks (STs) in TS-3/ 4
Experiments

The National Spherical Torus Experiment
(NSTX) Research Program and Progress
Towards High Beta, Long Pulse Operating
Scenarios

Current Sheet / Plasmoid Ejections and
Plasma Heating in TS-3 and 4 Reconnection
Experiments

Experimental study on losses of energetic
ions by use of diagnostic neutral beam in
CHS

Formation and stability of compact RFP in
TS-3 and 4 experiment

Improved formalism for flowing two-fluid
equilibrium and its application to ST

lon Heating Characteristics of Magnetic
Reconnection in TS-3 and 4 Merging
Experiments

IPELS(Interrelation between
Plasma Experiments in Laboratory
and Space) '01

28th EPS Conf. on Controlled
Fusion and Plasma Physics

Joint Meeting of the 2nd
International Atomic Energy
Agency Technical Committee
Meeting on Spherical Tori and 7th
International Spherical Torus
Workshop

29th European Physical Society
Meeting on Controlled Fusion and
Plasma Physics

US-Japan Symposium on Plasma
Merging and Magnetic
Reconnection (MR2002)

The 14th Topical Conference on
High- Temperature Plasma
Diagnostics

34th Science Assembly of the
Committee on Space Research
(COSPER)

The 4th International Conference
on Open Magnetic Systems for
Plasma Confinement

The 19th IAEA Fusion Energy
Conference

45th Annual Meeting of the
Division of Plasma Physics, APS

The 19th IAEA Fusion Energy
Conference

MR2003 Symposium / Fifth US-
Japan Symposium on Magnetic
Reconnection, Plasma Merging
and Magnetic Jet

8th IAEA Technical Meeting on
Energetic Particles in Magnetic
Confinement Systems

The 9th-IEA/RFP-Workshop

The 13th Toki Conference

Seventh International Workshop
on the Interrelationship between
Plasma Experiments in the
Laboratory and in Space

Jul. 2001, Niseko, Japan

June 18-22, 2001, Funchal, Portugal

Aug, 2001, Sao Jose dos Campos,
Brazil

June 17-21, 2002, Montreux,
Switzerland

Nov. 2002, Hakone, Japan

Jul. 8-11, 2002, Madison, USA

Oct. 2002, Houston, TX, USA

Jul. 1-4, 2002, Jeju, Korea

Oct. 14-19, 2002, Lyon, France

Nov. 2002, Orlando, FL, USA

Oct. 14-19, 2002, Lyon, France

Nov. 2003, Los Angeles, CA, U.S.A.

Oct. 6-8, 2003, San Diego, USA
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Bruskin et al.

M. Ignatenko, A. Mase, L.
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al.
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Millimeter-Wave Measurements on NSTX

Collisional ripple transport of neutral beam-
injected energetic ions in low aspect ratio
helical system CHS

Effects of asymmetry and target location on
microwave imaging reflectometry

Numerical Study of Microwave Imaging
Reflectometer for a Tandem Mirror Device

Transient and Intermittent Magnetic
Reconnections in TS-3/ 4 Tokamak Merging
Experiments

Ultrashort-pulse reflectometer on LHD

Development of New Detector for
Millimeter-Wave Imaging

Equilibrium Reconstruction Techniques
Applied to Compact Toroid Plasmas in MRX

Experimental Studies of the Hall Effect and
Fluctuations in MRX

Heating Properties of Merging Startup in TS-
3/4/5 High-Beta ST Experiments

Heating Properties of Merging/
Reconnection Startup in TS-3/4 High-Beta ST
Experiments

Horizontal and Vertical Structure of the
High-Energy Particle Distribution in large
Helical Device

Microwave Imaging and Reflectometry for
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Numerical Study of Microwave Imaging
Reflectometry for Measurements of Density
Fluctuations Spectra for GAMMA10
Geometry

Reconnection and lon Acceleration
Processes during Counter Helicity Merging
of Spheromaks in the MRX

General Meeting of Center for
Magnetic Self-Organization in
Laboratory and Astrophysical
Plasmas,

APS Division of Plasma Physics
Meeting 2003

46th Annual Meeting of the
Division of Plasma Physics

The 16th Topical Conference on
High-Temperature Plasma
Diagnostics

The 5th International Conference
on Open Magnetic Systems for
Plasma Confinement

International workshop on
"Explosive Phenomena in
Magnetized Plasma - New
Development of Reconnection
Research

The 15th Topical Conference on
High-Temperature Plasma
Diagnostics

The 30th International Conference
on Infrared and Millimeter Waves

American Physics Society, 47th
Annual Meeting of the Division of
Plasma Physics

American Physics Society, 47th
Annual Meeting of the Division of
Plasma Physics

48th Annual Meeting of the
Division of Plasma Physics, APS

Joint Meeting of the 3rd IAEA
Technical Meeting of Spherical
Tori and the 11th International
Workshop on Spherical Torus

Proceedings of a Technical
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US-Japan Workshop on Study of
Advanced Fluctuation Diagnostic
Method

The 12th International Symposium
on Laser-Aided Plasma Diagnostics

American Physics Society, 47th
Annual Meeting of the Division of
Plasma Physics
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November 15-19, 2004 Savannah,
GA, USA

Apr. 19-22, 2004, San Diego, USA

Jul. 7-9, 2004, Novosibirsk, Russia

Mar. 2004, Kyoto, Kyoto, Japan

Apr. 19-22, 2004, San Diego, USA

Sept. 19-23, 2005, Williamsburg,
USA

Oct. 24-28, Denver, USA

Oct. 24-28, Denver, USA

2005 Denver, Co, USA
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Yoshimura, T. Akiyama, T.
Minami, M. Nishiura, S.
Nishimura, K. Matsuoka, S.
Okamura,

D.S. Darrow, D.A. Spong, K.
Shinohara, M. Sasao and CHS
team

M. Yamada, H. Ji, S. Gerhardt,
M. Inomoto, R. Kulsrud, A.
Kuritsyn, Y. Ren

E.V. Belova, R.C. Davidson, H.
Ji, M. Yamada, S.P. Gerhardt,
M. Inomoto

Y.Hasegawa, et al.

N. Ito, A. Mase, Y. Kogi et al.
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Domier, N. Ito, Y. Liang, A.
Mase, H. Park, E. Sakata, Z.
Shen, W. Tsai, Z. G.. Xia, Lu
Yang, P. Zhang

H. Kiguchi, et. al.

L. C. Steinhauer, T. Kanki, A.
Ishida

K. Yoshikawa, K. Masuda, T.
Takamatsu, S. Shiroya, T.
Misawa, Y. Takahashi, M.
Ohnishi, H. Osawa, E. Hotta
and K. Yamauchi

K.Yamauchi, S.0hura,
K.Nozaki, M.Watanabe,
A.Okino, T.Kohno and E.Hotta

K.Yamauchi, S.0hura,
K.Nozaki, M.Watanabe,
A.Okino, T.Kohno, E.Hotta,
and M.Yuura

K. Masuda, S. Ohkawa, T.
Takamatsu and K. Yoshikawa

Y. Kogi, T. Sakoda, A. Mase et
al.

N. Ito, A. Mase, N. Seko et al.

American Physics Society, 47th
Annual Meeting of the Division of
Plasma Physics

Stability Studies of Compact Toroid Plasmas

in MRX Oct. 24-28, Denver, USA

Studies on fast ion transport induced by 9th IAEA Technical Meeting on
energetic particle modes using fast particle  Energetic Particles in Magnetic
diagnostics with high time resolution in CHS Confinement Systems

November 9 - 11, 2005, Takayama,
Japan

American Physics Society, 47th
Study of Two-Fluid Effects during Magnetic merican YSICS ocle y .
Annual Meeting of the Division of

L " Oct. 24-28, Denver, USA
Reconnection in a Laboratory Experiment .
Plasma Physics

Three-dimensional Hall-MHD simulations of American Physics Society, 47th
counter-helicity spheromak merging and Annual Meeting of the Division of
FRC formation Plasma Physics

Oct. 24-28, Denver, USA

Wobble Motion Field Reversed
Configuration Plasmas

The American Physical Society

Oct. 24-28, Denver, USA
Division Plasma Physics

The 16th International Toki
Conference

Advanced Fabrication Method of Planar

Components for Plasma Diagnostics i 5463, 200G, el Jeem

The 16th International Toki
Conference

Advanced Microwave/Millimeter-Wave

X Dec. 5-8, 2006, Toki, Japan
Imaging Technology

Application of magnetized coaxial plasma
gun for external control of field revered
configuration

The American Physical Society Oct.30-Nov.2, 2006, Philadelphia,
Division Plasma Physics USA

Computation of Two-Fluid, Flowing
Equilibria

48th Annual Meeting of the Oct. 30-Nov. 3 2006, Philadelphia,
Division of Plasma Physics USA

Current Status of Humanitarian Landmine
Detection with a Compact Water-Cooled IEC
Device

8th US-Japan Workshop on Inertial

May 10-12, 2006, Osaka, Japan
Electrostatic Confinement Fusion Y . ! b

D-D and D-3He Proton Measurements of
Cylindrical Inertial Electrostatic Confinement 8th US-Japan IEC Workshop
Fusion

May 10-12, 2006, Osaka, Japan

D-D and D-3He Proton Measurements of 33rd IEEE International
Cylindrical Radially Convergent Beam Fusion Conference on Plasma Science

June 4-8, 2006, Traverse City,
Michigan, USA

Development of a Two-Dimensional Code
for Simulating IEC Discharges

8th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion Mavil 0122006 HQ=2kaTlana

The 16th International Toki

Dec. 5-8, 2006, Toki, Japan
Conference

Development of ECE Imaging System on LHD

Development of Low-Loss Millimeter-Wave
Antennas on Fluorine Substrate Using
Electro-Fine-Forming Fabrication

The 2006 Asia-Pacific Microwave

Dec. 13-15, 2006, Yokohama, Japan
Conference
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H. Osawa, S. Yoshimura, T.
Tabata, M. Ohnishi

K. Noborio, Y. Yamamoto, Y.
Ueno, S. Konishi

M. Yamada, Y. Ren, H. Ji, S.
Gerhardt, M. Inomoto, R.
Kulsrud, S. Dorfman

M. Isobe, K. Toi, K. Nagaoka,
C. Suzuki, K. Goto, T. Akiyama,
T. Minami, S. Murakami, N.
Nakajima, S. Nishimura, M.
Nishiura, A. Shimizu, S.
Yamamoto, Y. Yoshimura, M.
Sasao, K. Matsuoka, S.
Okamura and D.A. Spong

J. W. Berkery, T. S. Pedersen,
J. P. Kremer, R. G. Lefrancois,
Q. R. Marksteiner, A. H.
Boozer, H. E. Mynicreiersen,
F. Dahlgreen, H. Himura, and
X. Sarasola

T. Ozaki, P. Goncharov, N.
Tamura et al.

D. Stutman, K. Tritz, L.
Delgado-Aparicio, M.
Finkenthal, G. Suliman, L.
Roquemore, R. Kaita, H.
Kugel, D. Johnson, N. Tamura,
K. Sato, S. Sudo, C. Tarrio

T. Nishi, K. Yoneda, K. Masuda
and K. Yoshikawa

T. Nishi, K. Yoneda, K. Masuda
and K. Yoshikawa

H. Osawa, M. Ohnishi, T.
Furukawa, T. Suma, T.
Takamatsu, K. Masuda, K.
Yoshikawa

T. Takamatsu, T. Oishi, K.
Masuda and K. Yoshikawa

A. Mase, Y. Kogi, N. Ito et al.

T. Fujimoto, T. Oishi, H. Zen,
T. Takamatsu, K. Masuda and
K. Yoshikawa

S. PAUL, R. KAITA, A.L.
ROQUEMORE and N. NISHINO

Discharge Characteristics of Anode Size in an
Inertial Electrostatic Confinement Fusion

Evaluation of the Reaction Rate between
Beam Particles and Adsorbed Particles on
the Electrode of IECF Device

Experimental Study of Two-fluid Effects on
Magnetic Reconnection

Fast-ion-driven MHD instabilities and
consequent fast ion losses in the compact
helical system

First studies of pure electron plasmas in the
Columbia Non-neutral Torus

High Energy Particle Measurement using
Compact Neutral Particle Energy Analyzer in
Large Helical Device

High throughput measurements of soft x-ray
impurity emission using a multilayer mirror
telescope

Highly Efficient Production of Excited
Neutral Helium Beams for Spectroscopic
Diagnostics of Electric Fields in IEC Plasma

Highly Efficient Production of Excited
Neutral Helium Beams for Spectroscopic
Diagnostics of Electric Fields in IEC Plasma

Improvement of Discharge Stability of
Inertial electrostatic Confinement Fusion
Device

Improvement of Inertial Electrostatic
Confinement Device by Low Operating Gas
Pressure using Magnetron- Discharge-Based
lon Source

Industrial Applications of Microwave Active
Diagnostics

Intensity Distribution of D-3He Fusion
Reaction Rate in an IEC Device

lon velocity measurements on NSTX using
the SWIFT diagnostic

(Shifted Wavelength/Interference Filter
Technique)

22nd Int. Symp. on Discharges and
Electrical Insulation in Vacuum

8th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

American Physics Society, 48th
Annual Meeting of the Division of
Plasma Physics

21st IAEA Fusion Energy
Conference

The 8th International Workshop
on Non-Neutral Plasmas

International Conference on
Research and Applications of
Plasmas 2005

High Temperature Plasma
Diagnostics

2nd JGSEE and Kyoto Joint
International Conference on
Sustainable Energy and
Environment

8th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

Seventeenth American Nuclear
Society Topical Meeting on the
Technology of Fusion Energy

IEEE 22nd International
Symposium on Discharges and
Electrical Insulation in Vacuum

Int. Workshop on Microwave
Devices, Systems and their
Applications

IEEE/NPSS 22nd Symposium on
Fusion Engineering

APS-DPP06

Sep. 25-29, 2006, Matsue, Japan

May 10-12, 2006, Osaka, Japan

Oct. 30—Nov. 3, Philadelphia, USA

Oct. 16-21, 2006, Chengdu, China

June 16-20, 2006, Aarhus, Denmark

January, 2006, Opole,Poland

May. 7-11, 2006, Williamsburg, USA

Nov. 21-23, 2006, Bangkok, Thailand

May 10-12, 2006, Osaka, Japan

Nov. 12-15,
2006,Albuquerque,NM,USA

Sept. 25-29, 2006, Matsue, Japan

Dec. 12-13 2006, Fukuoka, Japan

Jun. 17-21, 2007, Albuquerque, NM,
USA

Oct. 30-November 3 2006;
Philadelphia, Pennsylvania

2006-FP5-1

2006-FP5-1

2005-FP4-5

2003-FP-2-4

2005-FP5-17

2004-FP5-19

2006-FP5-22

2006-FP5-1

2006-FP5-1

2006-FP5-1

2006-FP5-1

2004-FP5-18

2006-FP5-1

2007-FP5-7
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2006

2006
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2006

K. Yoshikawa, K. Masuda, T.
Takamatsu, S. Shiroya, T.
Misawa, M. Ohnishi, H.
Osawa, E. Hotta and K.
Yamauchi

A. Mase, Y. Kogi, N. Ito et al.

H. Osawa, S. Yoshimura, M.
Ohnishi

Y.Matsuzawa, et al.

M. Ohnishi, H. Osawa

O.Mitarai

K.Nozaki, K.Yamauchi,
S.Ohura, M.Watanabe,
A.Okino, and E.Hotta

A. Mase, Y. Kogi, H. Hojo et al.

Z.Shen, N. Ito, C.W. Domier,
N.C. Luhmann, Jr., A. Mase, E.
Sakata

T. Takamatsu, T. Oishi, S.
Ogawa, K. Masuda and K.
Yoshikawa

T.Yamada, A. Ejiri,et al.

A. Mase, Y. Yokota, K. Uchida
etal.

K. Yoshikawa, K. Masuda, Y.
Yamamoto and T. Takamatsu

K. Yoshikawa, K. Masuda, T.
Takamatsu, S. Shiroya, T.
Misawa, Y. Takahashi, E.
Hotta, K. Yamauchi, M.
Ohnishi and H. Osawa

K. Masuda, S. Ogawa, T.
Takamatsu and K. Yoshikawa

T. Oishi, S. Ogawa, T.
Takamatsu, H. Zen, K. Masuda
and K. Yoshikawa

K. Masuda, K. Yoshikawa, T.
Ohishi, S. Ogawa, H. Zen and
T. Takamatsu

Landmine detection by a compact fusion
neutron source

Microwave Diagnostics

Neutron Production of the IECF Device in
Different Size of Anode

Optical diagnostic System for Neural Particle
Deensity of Field reversed Configuration

Overview of IEC research in Kansai
University

Plasma current ramp-up and ignition in the
Component Test Facility (CTF)

Preliminary Study of Beam-Beam Reactions
in IEC Fusion Device

Progress in Microwave Diagnostics and
Physics Issues in Magneticall Confined
Plasmas

Protection Filters in ECEI Systems for Plasma
Diagnostics

Recent R&D in IEC Neutron Source at Kyoto
University

Reflectometry for Density Fluctuationand
Profile Measurements in TST-2

Remote Experiment of Ultrashort-Pulse
Reflectometry on LHD

Research and Development on a Compact
Discharge-Based Fusion Neutron/Proton
Source for Advanced Technologies

Research and Development on a Compact
Discharge-Driven D-D Fusion Neutron
Source for Explosive Detection

Simultaneous Measurements of Neutrons
and Energetic Protons from D-D and D-3He
Fusion Reactions in an Inertial Electrostatic
Confinement Device

Spatial Distribution of D-3He Advanced
Fuels Fusion Reactions in an Inertial
Electrostatic Confinement Device

Spatial Distribution of D-D/D-3He Advanced
Fuels Fusion Reactions in an Inertial
Electrostatic Confinement Device

International Workshop on "
Humanitarian Landmine Detection
and Detection of Illicit Materials"

Mar. 7-9, 2007, Kyoto, Japan

The 3rd Japan-Korea Seminar on
Advanced Diagnostics for Steady-
State Fusion Plasma

Aug. 31-Sept. 3, 2006, Matsushima,
Japan

8th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion MVl 2 200E A0 akalana

The American Physical Society

May 7-11, Williamburg, USA
Division Plasma Physics ay 7-11, Williamburg,

8th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion Elaviicgiz2eos losskatipay

Jan. 24-25, 2006, University of Los

Us-J. kshi
apan workshop Angels (San Diego),USA

22nd Int. Symp. on Discharges and

Electrical Insulation in Vacuum Seyp, 252, 2V, BB, JEEm

The 6th International Conference
on Open Magnetic Systems for
Plasma Confinement

Jul. 17-21, 2006, Tsukuba, Japan

The 16th International Toki

Conference Dec. 5-8, 2006, Toki, Japan

8th US-Japan Workshop on Inertial

. " K May 10-12, 2006, Osaka, Japan
Electrostatic Confinement Fusion

16th Internat. Toki Conf. Dec. 5-8, 2006, Toki, Japan

The 16th APS Topical Conference
on High Temperature Plasma
Diagnostics

May 7-12, 2006, Williamsburg, USA

3rd Symposium on Sustainable

Aug. 30-Sept. 1, 2006, Kyoto, J
Energy System ug ep yoto, Japan

2nd JGSEE and Kyoto Joint
International Conference on
Sustainable Energy and
Environment

Nov. 21-23, 2006, Bangkok, Thailand

IEEE 22nd International
Symposium on Discharges and
Electrical Insulation in Vacuum

Sept. 25-29, 2006, Matsue, Japan

8th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion Kaviiol 212000 osska apey

21st IAEA Fusion Energy

Oct, 16-21, 2006, Chengdu, China
Conference

2006-FP5-1

2004-FP5-18
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2006-FP5-1

2005-FP5-21

2004-FP5-18

2006-FP5-1
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2006

2006

2006

2006

2006

2006

2006

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

Eiki Hotta and Tokyo Tech IEC
Group

S.P. Gerhardt, M. Inomoto, E.
Belova, M. Yamada, H.Ji, Y.
Ren, S. Dorfman, E. Martin

S.P. Gerhardt, M. Inomoto,
E.V. Belova, M. Yamada, H. Ji,
Y. Ren

K. Saito, S. Murakami, M.
Osakabe, M.Nishimura,
T.Seki, T.Ozaki et al.

Kanamaru, et al.

Y. Ono

Y. Ono

L. Yang, N. Ito, C. W. Domier,
N. C. Luhmann, Jr., A Mase

Z.Shen, C. W. Domier, N. C.
Luhmann, Jr. N. Ito, A. Mase,
A.J. H. Donne,

H. Park

K. Yoshikawa, K. Masuda, T.
Takamatsu, S. Shiroya, T.
Misawa, Y. Takahashi, E.
Hotta,K. Yamauch, M.
Ohnishi, H. Osawa

M.Ohnishi, Y. Tsuji, N.
Yoshida, H. Osawa

T. Oosako, et al.

Y. Ono

Y. Ono, Y. Hayashi, H.
Imanaka and R. Imazawa:

Z.Shen, N. Ito, E. Sakata, C.
W. Domier, N. C. Luhmann, Jr.
A. Mase

K.Tomiyasu and E.Hotta

N.Yoshida, Y. Tusji, H. Osawa,
M. Ohnishi

Status and Prospect of Inertial Electrostatic
Confinement Devices as Neutron/Proton
Sources

Studies of Equilibrium and Stability of
Oblate FRCs in the Magnetic Reconnection
Experiment

Studies of Free-Boundary Field-reversed
Configurations with Improved Stability in
the Magnetic Reconnection Experiment

Study of High-energy lon Tail Formation
with Second Harmonic ICRF Heating and NBI
in LHD

Tilt instabilty at formation phase

Transient and Intermittent Magnetic
Reconnections in TS-3/4 Merging
Experimentsand Their Extension to UTST
High-Beta ST Experiment

US/Japan Cooperation in Fusion Energy
Research

20 GHz to 40 GHz Beam Shaping/Steering
Phased Antenna Array System using Fermi
Tapered Slot Antenna

2-D Passive Millimeter wave Imaging System
for Plasma Diagnostics

Anti-Personnel Landmine Detection by Use
of an IEC Neutron Source

Characteristics in Pulse Operation of IEC
Device with Confronting Two Plasma
Sources

Combline Antenna for Lower Hybrid Current
Start-up Experiments in Tokyo Spherical
Tokamak-2

Current Sheet Dynamics in TS-3 and TS-4
Tokamak Reconnection Experiments

Current Sheet Dynamics in TS-4 Tokamak
Reconnection Experiment

D-Band Double Dipole Antenna for Use in
Millimeter Wave Imaging Systems

Design for Medical Radioisotope Production
Using a Compact Fusion Proton Source

Development of Fast Numerical Code Based
on Direct Interaction of Charged Particles

The 3rd International Symposium

Aug, 30-Sep. 1, 2006, Kyoto, Japan
on Sustainable Energy System & P 4 P

American Physics Society, 48th
Annual Meeting of the Division of
Plasma Physics

Oct. 30—-Nov. 3, Philadelphia, USA

21st IAEA Fusion Energy

Oct. 16-21, 2006, Chengdu, China
Conference

IAEA Fusion Energy conference October, 2006, IAEA-CN-149, EX/P6-
2006 17

The American Physical Society

0Oct.30-Nov.2, Philadelphi
Division Plasma Physics c ov Lecephia

March 2006, College Park, Maryland,
USA

Petschek Memorial Conference

2006 US/Japan Workshop on
Compact Torus Plasmas, The Role
of Flow in Compact Torus Plasmas

Nov. 2-4, 2006, , Swarthmore
College PA, USA

The IEEE MTT-S International

. . Jun. 3-8, 2007, Honolulu, USA
Microwave Symposium

The 2007 Asia Pacific Microwave

Dec. 11-14, 2007, Bangkok, Thailand
Conerence

9th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion Ly s, A, (et [, Ui

9th US-Japan Workshop on Inertial

Electrostatic Confinement Fusion Ly ek, A0, (et [, U

Korea-Japan workshop on heating

. Oct.16-17, 2007, Jeju, Korea
technology of Fusion plasmas

The 9th International Workshop
on the Interrelationship between
Plasma Experiments in Laboratory
and Space

Aug. 2007, Palm Cove Resort,
Cairns, Australia

50th Annual Meeting of the

Division of Plasma Physics, APS e 20087, @i e Gl B

The 2007 IEEE International
Symposium on Antenna and
Propagation

Jun. 9-15, 2007, Honolulu USA

The Second MIT-Tokyo Tech
Symp. on Innovative Nuclear
Energy System (TM-INES2)

Jul. 2007, Kamakura, Japan

9th US-Japan Workshop on Inertial

May 22-24, 2007, Argonne, IL, USA
Electrostatic Confinement Fusion Y ! s T

2006-FP5-1

2005-FP4-5

2005-FP4-5

2004-FP5-19

2006-FP2-3

2005-FP2-4

2006-FP4-5

2004-FP5-18

2007-FP5-6

2006-FP5-1

2006-FP5-1

2005-FT3-2
2006-FT3-2

2007-FP3-2

2007-FP3-2

2004-FP5-18

2006-FP5-1

2006-FP5-1



104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

2007

A. Mase, Y. Kogi, N. Ito et al.

N. Ito, A. Mase, Y. Kogi et al.

K. Masuda, K. Yoshikawa, T.
Misawa, K. Yamauchi, Y.
Takahashi, S. Shiroya, E.
Hotta, M. Ohnishi and H.
Osawa

H. Osawa, N. Yoshida, M.
Ohnishi

Tetsuo OZAKI, Pavel
R.GONCHAROQV, Evgeny
VESHCHEV, et al.

T.Ozaki, P.Goncharov,
E.Veschev, S.Sudo, N.Tamura,
etal.

H. Horibe, M. Ohnishi, H.
Osawa

Y.Tsujii, N. Yoshida, H. Osawa,
M. Ohnishi

N. Tamura, K. Sato, H.
Funaba, S. Sudo, K. Tritz, D.
Stutman, L. Delgado-Aparicio,
M. Finkenthal, H. Kugel, R.
Kaita, L. Roquemore, M. Bell,
V. Soukhanovskii

T. Fujimoto, T. Oishi, H. Zen,
T. Takamatsu, K. Masuda and
K. Yoshikawa

Y. Takase, et al.

K.Yamauchi, K.Nozaki,
M.Watanabe, A.Okino and
E.Hotta

A. Mase, Y. Kogi, N. Ito et al.

A. Sanpei, S. Masamune, R.
Ikezoe, et al.

A. Ishida, L.C. Steinhauer, Y.-
K. M. Peng

K.Yamauchi, K.Tomiyasu,
M.Watanabe, A.Okino and
E.Hotta

T. Kanki, L. C. Steinhauer, M.
Nagata

Development of Microwave Diagnostic
Systems and their Application

Development of Planar Components Using
Advanced Fabrication

Directional detection of nitrogen and
hydrogen in explosives by use of a DD-
fusion-driven thermal neutron source

FDTD Simulation on RF lon Source for IEC

Helium ion observation during 3rd harmonic
ion cyclotron heating in Large Helical Device

Helium measurements simulating alpha-
particle diagnostics by the pellet charge
exchange in Large Helical Device

High Voltage Pulse Modulator

IEC Research of Kansai University

Impact of a tracer-encapsulated solid pellet
injection on NSTX plasmas

Intensity Distribution of D-3He Fusion
reaction Rate in an IEC Device

LHCD Scenarios for Spherical Tokamak
Plasmas

Low Pressure IECF Operation Using
Differentially-Pumped lon Sources

Microwave Imaging for Plasma Diagnostics
and Its Applications

Neoclassical RFP equilibria with reactor
regime parameters

Numerical computation for two-fluid MHD
equilibria with flow

Overview of IECF Research at Tokyo Institute
of Technology

Partially Relaxed Two-Fluid Flowing
Equilibria in Helicity-Driven Spherical Tours

U.S.-Japan Workshop on
Millimeter-Wave Plasma
Diagnostics

The Joint 32nd International
Conference on Infrared and
Millimeter Waves and 15th

International Conference on
Terahertz Electronics

NATO Advanced Research
Workshop on “Detection of Liquid
Explosives and Flammable Agents
in Connection with Terrorist
Actions”

9th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

International Toki Conference

Proc. of INTERNATIONAL
WORKSHOP ON BURNING
PLASMA DIAGNOSTICS

9th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

9th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

13th International Workshop on
Spherical Torus

9th US-Japan Workshop on Inertial
Electrostatic Confinement Fusion

17th Top. Conf. on Radio
Frequency Power in Plasmas
Clearwater, 2007

9th US-Japan IEC Workshop on
Small Plasma and Accelerator
Neutron Sources

The 13th International Symposium
on Laser-Aided Plasma Diagnostics

12th IEA/RFP Workshop

The 13th International Workshop
on Spherical Tori 2007

9th US-Japan IEC Workshop on
Small Plasma and Accelerator
Neutron Sources

US-Japan Workshop on Innovative
Active Control for High
Performance Confinement of
Compact Toroid

Feb. 25-27, 2008, UC Davis, USA

Sept. 2-7, 2007, Cardiff, U.K.

Oct. 17-19, 2007, Saint-Petersburg,
Russia

May 22-24, 2007, Argonne, IL, USA

Oct. 16-19, 2007, Toki, Japan

September 24 - 28, 2007, Varenna,
Italy

May 22-24, 2007, Argonne, IL, USA

May 22-24, 2007, Argonne, IL, USA

Oct. 10-12, 2007, Fukuoka, Japan

May 22-24, 2007, Argonne, IL, USA

May 7-9, 2007, Clearwater, Florida,
USA

May 22-24, 2007 Argonne, USA

Sept. 18-21, 2007, Takayama, Japan

Mar 26-28, 2007, Kyoto, Japan

October 10-12, 2007, Fukuoka, Japan

May 22-24, 2007, Argonne, USA

Sep. 18-20 2007, Tokyo, Japan

2007-FP5-6

2007-FP5-6

2006-FP5-1

2006-FP5-1

2004-FP5-19

2004-FP5-19

2006-FP5-1

2006-FP5-1

2007-FP5-15

2006-FP5-1

2006-FP4-4

2006-FP5-1

2007-FP5-6

2006-FP2-8

2006-FP2-4

2006-FP5-1

2006-FP2-7
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2007

2007

2007

2007

2007

2007

2007

2007

2008

2008

2008

2008

2008

K. Yoshikawa, S. Shiroya, E.
Hotta, M. Ohnishi, T. Misawa
and K. Masuda

K. Yoshikawa, K. Masuda, T.
Misawa, T. Takamatsu, K.
Yamauchi, Y. Takahashi, S.
Shiroya, E. Hotta, M. Ohnishi
and H. Osawa

T. Misawa, K. Yoshikawa, K.
Masuda, T. Takamatsu, T.
Fujimoto, K. Yamauchi, E.
Hotta, Y. Takahashi, T. Yagi, Y.
Yamamoto, S. Shiroya, M.
Ohnishi, H. Osawa, Y. Kubo,
M. Tabei, Y. Sugihara and T.
Doi

Y. Ono

Y. Ono

T. Kanki, L. C. Steinhauer, M.
Nagata

Z.Shen, N. Ito, Z. Xia, C. W.
Domier, A. Mase, and N. C.
Luhmann, Jr.

P. Zhang, C. W. Domier, Z.
Shen, N. C. Luhmann, Jr., H. K.
Park, A.J. H. Donne, N. Ito, A.
Mase

A. Mase, Y. Kogi, N. Ito et al.

A. Mase, Y. Kogi, N. Ito et al.

A. Sanpei, K. Oki, R. Ikezoe, et
al.

T.Ozaki, Pavel R. Goncharov,
Evgeny A. Veshchev, Shigeru
Sudo, Tsuguhiro Watanabe,
High-Energy Particle Group
and LHD Experimental Group

R. Raman, B.A. Nelson,...,M.
Nagata,..., et al.

Research and Development of a Compact
Discharge-Driven D-D Fusion Neutron
Source And Advanced Gamma-ray Detection
System for the Detection of Explosives

Research and Development of Humanitarian
Landmine Detection System by a Compact
Discharge-Type Fusion Neutron Source

Research and Development of Landmine
Detection System using a Compact Fusion
Neutron

Transient and Explosive Magnetic
Reconnections in TS-3 and 4 Merging
Experiments

Transient and Intermittent Magnetic
Reconnections in TS-3 Spherical Tokamak
Merging Experiment

Two-Fluid Flowing Equilibria of Helicity
Injected Spherical Torus with Non-Uniform
Density

Wide Bandwidth Mixer Array Development
in Millimeter Wave Imaging Systems for
Plasma Diagnostics

Wideband ECEI Upgrade for Increased
Plasma Coverage

Advancement of Microwave/ Millimeter-
Wave Diagnostics in Magnetically Confined
Plasma

Advancements of Microwave Diagnostics
and Their Applications

Characterization of equilibria in a low-
aspect-ratio RFP

Comparison of neutral particle flux decay
times on the NBI plasmas in Large Helical
Device

Coupling solenoid-free Coaxial Helicity
Injection started discharges to induction in
NSTX

2nd Research Coordination
Meeting of the IAEA’s Coordinated
Research Project on “Neutron
Based Techniques for the
Detection of Illicit Materials and
Explosives”

SPIE Defense and Security
Symposium

IAEA Technical Meeting on Use of
Combined Devices for
Humanitarian Demining and
Explosives Detection

The US-Japan Symposium on
Plasma Merging and Magnetic
Reconnection

National Cheng Kung University
Symposium

Joint Conference of the 17th
International Toki Conference on
Physics of Flows and Turbulence in
Plasmas and the16th International
Stellarator/Heliotron Workshop
2007

The Joint 32nd International
Conference on Infrared and
Millimeter Waves and 15th

International Conference on
Terahertz Electronics

The 13th International Symposium
on Laser-Aided Plasma Diagnostics

The 2008 Int. Workshop on
Frontiers in Space and Fusion
Energy Sciences

The 11th IEEE International
Conference on  Communication
Technology

ICPP2008

International Toki Conference

The 4th IAEA Technical Meeting
on Spherical Tori and 14th
International Workshop on
Spherical Torus

Nov. 12-16, 2007, Mumbai, India

Apr. 9-13, 2007, Orlando, Florida,
USA

Nov. 26-30, 2007, Vienna, Austria

Mar. 2007 St. Michael MD, USA

Jan. 4-7, 2007, Tainan, Taiwan

15-19 Oct. 2007, Toki, Japan

Sept. 2-7, 2007, Cardiff, U.K.

Sept. 18-21, 2007, Takayama, Japan

Nov. 6-8, 2008, Tainan, Taiwan

Nov. 10-12, 2008, Hangzhou, PR
China

Sep. 8-12, 2008, Fukuoka, Japan

2008.12.9-12 Toki, Japan

Oct. 7-10, 2008, Roma, Italy

2006-FP5-1

2006-FP5-1

2006-FP5-1

2007-FP3-2

2007-FP3-2

2006-FP2-7

2007-FP5-6

2007-FP5-6

2007-FP5-6

2007-FP5-6

2006-FP2-8

2004-FP5-19

2006-FP4-3
2007-FP3-5
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2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

K.Yokoyama, K.Tomiyasu,
M.Watanabe and E.Hotta

T. Nakagawa, K. Masuda, T.
Kajiwara, H. Zen, K. Yoshikawa
and K. Nagasaki

N. Ito, A. Mase, Y. Kogi et al.

Y. Yokota, A. Mase, Y. Kogi et
al.

T. Kajiwara, K. Masuda, T.
Nakagawa, H. Zen and K.
Nagasaki

K.Tomiyasu, K.Yokoyama,
M.Watanabe, A.Okino and
E.Hotta

K. Noborio, T. Kanagae, Y.
Yamamoto, S. Konishi

Y.Yamamoto, A. Ishidou, K.
Noborio, S. Konishi

H. Horibe, M. Ohnishi, H.
Osawa

A. Ishida, L.C. Steinhauer, Y.-
K. M. Peng

A. Sanpei, S. Masamune, R.
Ikezoe, et al.

M. Inomoto, Y. Ono

K. Masuda, Y. Yamamoto, K.
Noborio, T. Nakagawa, T.
Kajiwara, H. Zen, K. Nagasaki
and K. Yoshikawa

K.Tomiyasu, K.Yokoyama,
M.Watanabe, and E.Hotta

T.Ozaki, P.Goncharov,
E.Veshchev, N.Tamura,
S.Sudo, T.Seki, H.Kasahara,
high Energy Particle Groupe,
Wave Heating Group and LHD
Experimental Group

K. Sakuraba,et al.

Development of a Coaxial Double Cylindrical
Inertial Electrostatic Confinement Device

Development of an IEC Device Driven by a
Magnetron lon Source for Low Pressure

Operation

Development of Planar Devices Using Low-

Loss Materials

Development of Ultrashort-Pulse
Reflectometry for Density Profile
Measurement in LHD

Double-grid IEC for Energy Recovery from

Escaping Electron Beams

Effects of Cusp Magnetic Field in a

Cylindrical Radially Convergent Beam Fusion

Device

Generation of Neutron Beam by the
Cylindrical Fusion Neutron Source --

Designing by using MCNP Transport Code --

Generation of Neutron Beam by the
Cylindrical Fusion Neutron Source --
Objective and Targets --

High Voltage Power Supply -some plasma

pllications-

Multi-fluid MHD equilibria for ST plasmas
with near-sonic flow and reduced trapped

ion fraction

Neoclassical Equilibrium in a Low-Aspect

Ratio RFP Machine RELAX

Nonlinear mode couplings in linear plasmas

Overview of IEC Research at Kyoto
University

Particle-in-Cell Simulation of Magnetic-assist

Electrostatic Confinement Fusion

Pellet charge exchange helium

measurement using neutral particle analyzer

in Large Helical Device

Plasma Dynamics in Translation Process of

Field Reversed Configuration

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

The 11th |EEE International
Conferenceon ~ Communication
Technology

The International Congree on
Plasma Physics 2008

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

18th Topical Mtg. on the
Technology of Fusion Energy

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

35th EPS Plasma Physics Meeting

35th EPS Meeting

The US-Japan Workshop on
Magnetic Reconnection 2008,

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

High Temperature Plasma
Diagnostics

The American Physical Society
Division Plasma Physics

Dec. 2008, Kyoto, Japan

Dec. 9-11, 2008, Kyoto, Japan

Nov. 10-12, 2008, Hangzhou, PR
China

Sept. 8-12, 2008, Fukuoka, Japan

Dec. 9-11, 2008, Kyoto, Japan

Sep. 2008, California, USA

Dec. 9-11, 2008, Kyoto, Japan

Dec. 9-11, 2008, Kyoto, Japan

Dec. 9-11, 2008, Kyoto, Japan

9-13 June, 2008, Hersonissos, Crete,
Greece

June 9-13, 2008, Hersonissos, Greek

Mar. 2008. 52, Okinawa, Japan

Dec. 9-11, 2008, Kyoto, Japan

Dec. 9-11, 2008, Kyoto, Japan

May 11-15, 2008, Albuquerque, NM,
USA

Nov. 12-16,0rland, USA

2008-FP5-8

2008-FP5-8

2007-FP5-6

2007-FP5-6

2008-FP5-8

2008-FP5-8

2008-FP5-8

2008-FP5-8

2008-FP5-8

2008-FP3-6

2006-FP2-8

2008-FP3-1

2008-FP5-8

2008-FP5-8

2004-FP5-19

2007-FP3-1
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2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2008

2009

2009

2009

2009

2009

Tetsuo OZAKI, Pavel
R.GONCHAROV, Evgeny
VESHCHEV, Naoki TAMURA,
Shigeru SUDO, Tetsuo SEKI,
Hiroshi KASAHARA, High
Energy Particle Group

Y. Ono

Y. Ono, Toru li, Y. Hayamshi,
T. Yamada. M. Inomoto

H. Himura, K. Nakamura, D.
Sugimoto, A. Sanpei, S.
Masamune, M. Isobe, F. Sano

Y. Yokota, A. Mase, Y. Kogi et
al.

S. Takaichi, A. Mase, Y. Kogi et
al.

R. Raman, T.R. Jarboe, M.
Nagata, et al.

N. NISHINO, S. PAUL, R. KAITA
and A.L. ROQUEMORE

Q. R. Marksteiner, T. S.
Pedersen, J. W. Berkery, M. S.
Hahn, J. M. Mendez, B. D. de
Gevigney, P. Ennever, D.
Boyle, M Shulman, and H.
Himura

H. Osawa, T. Miyashita, K.
Kitagawa, M. Ohnishi

T. Kanki, L. C. Steinhauer, M.
Nagata

Y. Yokota, A. Mase, Y. Kogi et
al.

Y. Ono

K. Masuda, T. Nakagawa, T.
Kajiwara, K. Yoshikawa and K.
Nagasaki

T. Ozaki, M. Koga, H. Shiraga,
R. Kato, S. Kashiwagi, G.
Isoyama, H. Sakagami and
FIREX group

T. Yamamoto, Y. Nagayama,
H. Nakanishi, et al.

T. Ozaki, M. Koga, H. Shiraga,
H. Azechi, H. Sakagami and
FIREX Group

Radial Profiles of High-Energy Particles in
NBI and ICH Plasmas Measured by Pellet
Charge Exchange Technique on Large Helical

Device

Recent Progress in TS-4 and UTST ST
Merging

Recent Progress of TS-4 Magnetic
Reconnection Experiment

Recent progress on toroidal nonneutral
plasmas confined on heliotron magnetic

surfaces

Reconstruction of Edge Density Profiles on
LHD Using Ultrashort-Pulse Reflectometry

Simulation Study and Experiment of Breast
Cancer Detection Using an Ultrashort-Pulse

Radar

Solenoid-free Plasma Start-up in NSTX using

Transient CHI

Status of Two-Dimensional lon Velocity

Measurement System in NSTX

Studies of a parallel force balance breaking

instability in a stellarator

Two lon Sources Operation on Inertial
Electrostatic Confinement Fusion Device

Two-Fluid Flowing Equilibria of Spherical
Torus Sustained by Coaxial Helicity Injection

Ultra-Wide Band Radar Reflectometer for
Measurement of Plasma Density Profiles

3-D Fast Reconnection in TS-3 and 4
Merging Experiments

An Inertial Electrostatic Confinement Fusion
Device Driven by a Built-In Ring-Shaped lon

Source in Low Pressure Regime

Calibration of the compact electron

spectrometer for FIREX-I project in Gekko Xl

Configuration of the Virtual Laboratory for

Fusion Researches in Japan

DEVELOPMENT OF THE COMPACT

ELECTRON SPECTROMETER FOR THE FIREX-I

PROJECT IN GEKKO XII

ICPP

51st Annual Meeting of the
Division of Plasma Physics, APS

The First International Workshop
on "Frontiers In Space and Fusion
Energy Sciences

The 9th International Workshop
on Non-Neutral Plasmas

The 17th APS Topical Conference
on High-Temperature Plasma
Diagnostics

The 2008 Asia Pacific Microwave
Conference

The 22nd IAEA Fusion Energy
Conference

Int. Conference of Plamsa Physics
2008

The 9th International Workshop
on Non-Neutral Plasmas

10th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

49th Annual Meeting of the
Division of Plasma Physics

The 11th |EEE International
Conference on  Communication
Technology

2009 US - Japan Workshop on
Reconnection

2nd Int. Conf. on Microelectronics
and Plasma Technology

ITC19

7th IAEA Technical Meeting on
Control, Data Acquisition, and
Remote Participation for Fusion
Research

Inertial Fusion Science and
Application

Sep. 8-12, 2008 Fukuoka, Japan

Nov. 2008, Dallas, TX, USA

Nov. 2008. Tainan, Taiwan

June. 16-20, 2008, NY, USA

May 11-15, 2008, Albuquerque, USA

Dec. 16-19, 2008, Hong Kong, China

Oct. 13-18, 2008, Geneva, Swiss

Sep. 8-12, 2008, Fukuoka, Japan

June. 16-20, 2008, NY, USA

Dec. 9-11, 2008, Kyoto, Japan

Nov. 12-16, 2007, Orlando, USA

Nov. 10-12, 2008, Hangzhou, PR
China

Oct. 5 - 7 2009, Madison, WI, USA

Sep. 2009, Busan, Korea

Dec. 8-11, 2009 Toki, Japan

Jun. 15-19, 2009, Aix-en-Provence,
France

Sep 6-11, 2009 San Francisco, CA

2004-FP5-19

2008-FP3-1

2008-FP3-1

2008-FP4-2

2007-FP5-6

2007-FP5-6

2006-FP4-3
2007-FP3-5

2008-FP5-4-2007-FP5-7

2008-FP4-2

2008-FP5-8

2006-FP2-7

2007-FP5-6

2009-FP4-1

2008-FP5-8

2004-FP5-19

2008-FP5-7

2004-FP5-19
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177
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182

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

2009

K. Tomiyasu, K. Yokoyama, M.
Watanabe, A. Okino and E.
Hotta

T. Kajiwara, K. Masuda, K.
Yoshikawa and K. Nagasaki

T. Kajiwara, K. Masuda, J.
Kipritidis and K. Nagasaki

K. Kitagawa, T. Miyashita, A.
Maeda, |. Nakano, H. Osawa,
M. Ohnishi

M. Isobe, K. Ogawa, K. Toi, M.
Osakabe, K. Nagaoka, A.
Shimizu, D.A. Spong, CHS and
LHD experiment groups

K.Tomiyasu, K.Yokoyama,
Y.Jinushi, M.Watanabe, and
E.Hotta

T. Hochin, Y. Yamauchi, H.
Nomiya, H. Nakanishi, M.
Kojima

K. Noborio, T. Kanagae, Y.
Yamamoto, S. Konishi

A. Maeda, T. Miyashita, K.
Kitagawa, I. Nakano, H.
Osawa, M. Ohnishi

T. Hochin, Y. Yamauchi, H.
Nakanishi, M. Kojima, H.
Nomiya

H. Nakanishi, T. Yamamoto,
M. Emoto, Y. Nagayama, K.
Kawahata, et al.

K.Yokoyama, Y.Jinushi,
K.Tomiyasu, M.Watanabe and
E.Hotta

H. Osawa, T. Miyashita, A.
Maeda, |. Nakano, M. Ohnishi

J. Kipritidis, J. Khachan and K.
Masuda

K. Masuda, J. Kipritidis, T.
Kajiwara, T. Nakagawa, K.
Nagasaki, Y. Yamamoto, K.
Noborio and T. Kanagae

Y. Ono

Discharge Characteristics of Magnetic-
assisted Electrostatic Confinement Device

Double-grid IEC for Energy Recovery from
Escaping Electron Beams

Double-grid IEC for Recovery of Energy from
Escaping Electron Beams

Drawing Out Electrode of lon Beam for IEC

Effect of energetic-ion-driven MHD
instabilities on energetic-ion-transport in
Compact Helical System and Large Helical
Device

Experimental Study of Magnetic-Assisted
Electrostatic Confinement

Fast Subsequence Matching in
PlasmaWaveform Databases

Generation of Sharp and Thermalized
Neutron Beam using Cylindrical Fusion
Neutron Source

High Current Operation on IEC

Indexing of Plasma Waveforms for
Accelerating Search and Retrieval of Their
Subsequences

LABCOM/X Experiment Data Platform and
Fusion Virtual Laboratory in Japan

Neutron Flux Distribution in a Coaxial
Double Cylindrical Device

Neutron Production with Confronting lon
Sources on Inertial Electrostatic
Confinement Fusion Device

Optical diagnostics and numerical modeling
of a gaseous discharge Inertial Electrostatic
Confinement device

Overview of Kyoto University Research and
Considerations for an IEC Device Driven by a
Built-In Ring-Shaped lon Source

Physics and applications of impulsive 3-D
magnetic reconnection

2nd Int. Conf. on Microelectronics
and Plasma Technology

2nd International Conference on
Microelectronics and Plasma
Technology

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

17th International
Stellarator/Heliotron Workshop

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

5th International Conference on
Intelligent Information Hiding and
Multimedia Signal Processing
(IIHMSP2009)

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

7th IAEA Technical Meeting on
Control, Data Acquisition, and
Remote Participation for Fusion
Research

7th IAEA Technical Meeting on
Control, Data Acquisition, and
Remote Participation for Fusion
Research

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

2nd Int. Conf. on Microelectronics
and Plasma Technology

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

11th US-Japan Workshop on
Inertial Electrostatic Confinement
Fusion

2009 International Workshop on
Frontiers In Space and Fusion
Energy Sciences (2009 FISFES)

Sep. 2009, Busan, Korea

Sept. 23-25, 2009, Busan, Korea

Oct. 12-13, 2009, Madison,
Wisconsin, USA

Oct. 12-13, 2009, Madison,
Wisconsin, USA

Oct. 12-16, 2009, Princeton, New
Jersey, USA

Oct.12-14, 2009, Madison, WI, USA

Sep. 12-14, 2009, Kyoto, Japan

Oct. 12-13, 2009, Madison,
Wisconsin, USA

Oct. 12-13, 2009, Madison,
Wisconsin, USA

Jun. 15-19, 2009, Aix-en-Provence,
France

Jun. 15-19, 2009, Aix-en-Provence,
France

Oct.12-14, 2009, Madison, WI, USA

Sep. 2009, Busan, Korea

Oct. 12-13, 2009, Madison,
Wisconsin, USA

Oct. 12-13, 2009, Madison,
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Y. Haraguchi, H. Hojo, Y. Ishii
etal.

A. Mase, N. Ito, D. Zhang et al.

A. Mase, Y. Kogi, N. Ito et al.

T. Yamamoto, Y. Nagayama,
H. Nakanishi, et al.

Y. Yokota, A. Mase Y. Kogi et
al.

Y. Takase, et al.
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al.

J.A. Stillerman, W. Burke, B.
Labombard
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H. Horibe, M. Ohnishi, H.
Osawa

A. Mase, N. Ito, D. Zhang et al.
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1. Journal Paper

No
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K. Fujita, A. Sunahara, K.A.
Tanaka, N. Isumi, T. Jitsuno,
N. Miyanaga, T. Miyakoshi, H.
Otani, M. Fukao, H. Heya, Y.
Ochi, Y. Kitagawa, R. Kodama,
K. Mima, H. Nishimura, T.
Norimatsu, Y. Sentoku, H.
Takane, T. Yamanaka

T. Kadono, M. Yoshida, E.
Takahashi, I. Matsushima, Y.
Owadano, N. Ozaki, K. Fujita,
M. Nakano, K.A. Tanaka, H.
Takenaka and K. Kondo

Preliminary Simulation Study for Microwave
Imaging Reflectometry

Progress in Microwave Diagnostics and their
Applications

Progress in Microwave Diagnostics Related
to LHD Collaborative Research

Progress of the Virtual Laboratory for Fusion
Researches in Japan

Reconstruction Method of X-Mode
Ultrashort-Pulse Reflectometry in LHD

RF Experiments on TST-2

Study of Dual-Dipole Antenna Array for
Millimeter Wave Imaging

Sub-sample Time-base Resolution in a
Heterogeneous Distributed Data Acquisition
Environment

Three dimensional magnetic reconnection in
torus plasma merging experiments

Useful Information for High Voltage Power
Supply

Application of Microwave Diagnostic
Systems to Medical and Assisted Technology

Title of Paper

Model experiments of fast ignition with
coaxial high-power laser beams

Flyer acceleration by a high-power KrF laser
with a long pulse duration

The 19th International Toki
Conference (ITC-19)

The 2009 International Workshop
on Frontiers in Space and Fusion
Energy Sciences

The 8th Japan-Australia Plasma
Diagnostics Workshop

12th International Conference on
Accelerator and Large
Experimental Physics Control
Systems (ICALEPCS2009)

The 14th International Symposium
on Laser Aided Plasma Diagnostics

51st Annual Meeting of APS/DPP

The. 34th Int. Conf. on Infrared,
Millimeter, and Terahertz Wave

12th International Conference on
Accelerator and Large
Experimental Physics Control
Systems (ICALEPCS2009)

US-Japan Workshop on Physics of
Plasma Merging and Magnetic
Reconnection

2nd International Conference on
Microelectronics and Plasma
Technology

International Workshop on
Microwave Devices, Systems, and
their Applications 2010

Journal

SPIE

Journal of Applied Physics

Dec. 8-11, 2009, Toki, Japan

Nov. 30-Dec. 3, 2009, Tainan, Taiwan

Feb. 2-5, 2009, Murramarang,
Australia

Oct. 12-16, 2009, Kobe, Japan

Sept. 21-24, Castelbrando, Italy

Nov. 2-6, 2009, Atlanta, Georgia

Sept. 11-15, 2009, Busan, Korea

Oct. 12-16, 2009, Kobe, Japan

Mar. 2-4, 2009, Princeton, NJ, USA

Sept. 23-25, 2009, Busan, Korea

Mar. 16-17, 2010, Fukuoka, Japan
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Kitagawa, K. Mima, N. Morio, filamentation in back-reflected images
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Miyakoshi, and T. Yamanaka

K.A. Tanaka, R. Kodama, H.
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Pukhov, A. Sunahara, K.
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Matusita, T. Kawasaki, T.
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Matsuo, T. Shozaki, Ka Suzuki,
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Studies of ultra-intense laser plasma
interactions for fast ignition

K. Wakabayashi, S. Hattori, T.

Tange, Y. Fujimoto, M.

Yoshida, N. Kozu, K.A. Tanaka, Laser-induced shock compression of
N. Ozaki, Y. Sasatani, H. tantalum to 1.7 Tpa

Takenaka, K.G. Nakamura and

K. Kodo

T. Miyakoshi, K.A. Tanaka, R.
Kodama, K. Mima, T.
Yamanaka, Y. Kitagawa, H.
Fujita, N. Miyanaga, T.
Norimatsu, T. Kawasaki, N.
Izumi, J. Sunahara, Y. Sentoku,
K. Tahakashi, H. Habara, M.
Mori, T. Matsushita, T.
Sonomoto, H. Setoguchi, T.
Koase, T. Iwatani, Y. Tohyama,
M. Tanpo, PWM group, Go
group, Mt group and T group

Study of ultra-intense laser propagation
with measurement of back-scattered light
image and spectrum

K. Takahashi, R. Kodama, K.A.
Tanaka, H. Hashimoto, Y.
Kato, K. Mima, F.A. Weber,
T.W. Barbee,Jr, and L.B. Da
Silva

Measured with Soft X-Ray Laser Probing

K. Mima, K.A. Tanaka and R.

Experimental research on Fast Ignitor
Kodama P £

K.A. Tanaka, M. Hara, N.
Ozaki, Y. Sasatani, S.I.
Anisimov, K. Kondo, M.
Nakano, K. Nishihara, H.
Takenaka, M. Yoshida and K.
Mima

Multi-layered flyer accelerated by laser
induced shock waves

R. Kodama, K.A. Tanaka, Y.
Sentoku, T. Matsushita, K.
Takahashi, H. Fujita, Y.
Kitagawa, Y. Kato, T.
Yamanaka, and K. Mima

Long-Scale Jet Formation with Specularly

Interactions

K.A. Tanaka, R. Kodama, N.
Izumi, K.Tahakashi, M. Heya,
H. Fujita, Y. Kato, Y. Kitagawa,
K. Mima, N. Miyanaga, T.
Norimatsu, Y. Sentoku, A.
Sunahara, H. Takabe, T.
Yamanaka, T. Koase, T.I
watani, F. Ohtani, T.
Miyakoshi, H. Habara, M.
Tanpo, S. Tohyama, F.A.
Weber, T.W. Barbee Jr., and
L.B. Dasilva

Osaka University

Laser-Hole Boring into Overdense Plasmas

Self-focusing and its related interactions at
very high laser intensities for fast ignition at C.R.Acad.Sci.Paris,t.1,Serie IV

Phys. Rev. E

Physics of Plasmas

Jpn.J.Appl.Phys.

SPIE

Phys.Rev.Lett.

Inertial Fusion Sciences and
Application, edited by C.

Labaune,W J. Hogan, K.A. Tanaka

Phys. of Plasmas

Reflected Light in Ultraintense Laser-Plasma Phys.Rev.Lett.

62 (2000) 2672-2677

7 (2000) 2014-2022

39 (2000) 1815-1816

3886 (2000) 505-512

84 (2000) 2405-2408

(2000) 381-391
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84 (2000) 674-677

2000 (2000) 737-744
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Tohyama, R. Kodama, K. A.

Tanaka, H. Fujita, H. Yoshida, Progress of fast ignitor studies and Petawatt
S. Matsuo, T. Jitsuno, T. laser construction at Osaka University
Kawasaki, S. Sakabe, H.

Nishimura, Y. Izawa, K. Mima,

and T. Yamanaka

Physics of Plasmas

T. Kadono, M. Yoshida, N. K.

Mitani, T. Matsumura, E.

Takahashi, I. Matsushima, Y.  Flyer acceleration experiments using a KrF
Owadano, Y. Sasatani, K. laser system with a long pulse duration and
Fujita, N.Ozaki, K. Takamatsu, pressure and thickness of isobaric zone
M.Nakano, K. A. Tanaka, H. induced in impacted materials

Takenaka, H. Ito, and K.

Kondo

Laser and Particle Beams

Yoshihiro Murakami,

Yoneyoshi Kitagawa, Yasuhiko Observation of proton rear emission and
Sentoku, Michiaki Mori, possible gigagauss scale magnetic fileds
Ryosuke Kodama, Kazuo A. from ultra-intense laser illuminated plastic
Tanaka, Kunioki Mima,and target

Tatsuhiko Yamanaka

Physics of Plasmas

R. Kodama, P.A. Norreys, K.
Mima, A. Evans, R.G. Evans,
H. Fujita, Y. Kitagawa, K.
Krushelnick, T. Miyakoshi, N.
Miyanaga, T. Norimatsu, S.J.
Rose, T. Shozaki, K. Shigemori,
A. Sunahara, M. Tanpo, K.A.
Tanaka, Y. Tohyama, T.
Yamanaka and M. Zepf

Fast heating of ultrahigh-density plasma as a

C Nature
step towards laser fusion ignition

Il Woo Choi, H. Daido, N.

Sakaya, Y. Tohyama, N. lzumi,

R. Kodama, Y. Kitagawa,

Prepulse Effect for Recombining Plasma
Produced by Ultrashort High-Intensity
Lasers

Jpn.J.Appl.Phys.

K.A.Tanaka and K. Mima

N. Ozaki,Y. Sasatani, K.

Kishida, M. Nakano, M.

Miyanaga, K. Nagai, K.

Nishihara, T. Norimatsu, K.A.  Planar shock wave generated by uniform

Tanaka, Y. Fujimoto, K. irradiation from two overlapped partially J. Appl. Phys.
Wakabayashi, S. Hattori, T. coherent laser beams

Tange, K. Kondo, M. Yoshida,

N. Kozu, M. Ishiguchi, H.

Takenaka

R. Kodama, K. Mima, K. A.
Tanaka, Y. Kitagawa, H. Fujita,
K. Takahashi, A. Sunahara, K.
Fujita, H. Habara, T. Jitsuno, Y.
Sentoku, T. Matsushita, T.
Miyakoshi, N. Miyanaga, T.
Norimatsu, H. Setoguchi, T.
Sonomoto, M. Tanpo, Y.
Toyama, and T. Yamanaka

Fast Ignitor research at the Institute of Laser

Physics of Plasmas
Engineering, Osaka University bl

J. Sasaki, T. Nakamura, Y.
Uchida, T. Someya, K.
Shimizu, M. Shitamura, T.
Teramoto, A. B. Blagoev and
S. Kawata

Beam Non-Uniformity Smoothing Using
Density Valley Formed by Heavy lon Beam
Deposition in Inertial Confinement Fusion
Fuel Pellet

Jpn. J. Appl. Phys.

M. Ogawa, Y. Oguri, U.
Neuner, K. Nishigori, A.
Sakumi, K. Shibata, J.
Kobayashi, M. Kojima, M.
Yoshida and J. Hasegawa

Laser Heated dE/dX Experiments in Japan Res,, Sect. A

K. Shibata, A. Sakumi, R. Sato,

K. Tsubuku, T. Nishimoto, J. ~ Experimental Investigation of the Coulomb  Nucl. Instrum. Methods Phys.

Hasegawa, M. Ogawa and Y.  Logarithm in Beam-Plasma Interaction
Oguri

Res., Sect. A

Nucl. Instrum. Methods Phys.

9-5 (2001) 2202-2207

19 (2001) 623-630

8-9 (2001) 4138-4143

412 (2001) 798-802

40 (2001) 1443-1447

89 (2001) 2571-2575

8-5(2001) 2268-2274

40 (2001) 968-971

464 (2001) 72-79

464 (2001) 225-230

2002-FP5-30

2002-FP5-30

2002-FP5-30

2002-FP5-30

2002-FP5-30

2002-FP5-30

2002-FP5-30
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M. Kojima, K. Nishigori, M.
Yoshida, A. Sakumi, J.
Hasegawa, U. Funk, U.
Neuner, Y. Oguri and M.
Ogawa

J. Hasegawa, Y. Nakajima, K.
Sakai, M. Yoshida, S. Fukuda,
K. Nishigori, M. Kojima, Y.
Oguri, M. Nakajima, K.
Horioka, M. Ogawa, U.
Neuner and T. Murakami

M. Yoshida, J. Hasegawa, Y.
Oguri, M. Ogawa, M.
Nakajima, K. Horioka and M.
Shiho

M. Ogawa, Y. Oguri, J.
Hasegawa, T. Aoki, U. Neuner,
A. Sakumi, K. Nishigori, K.
Shibata, M. Kojima, M.
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igemori,H,Shiraga,Y.Toyama,
M.Zepf and T.Yamanaka

H. Shiraga, K. Shigemori, Y.
Toyama, S. Fujioka, H. Azechi,
H. Fujita, H.Habara, T. Hall, Y.
Izawa, T. Jitsuno, Y. Kitagawa,
K. M. Krushelnics, K. L.
Lancaster, K. Mima, K. Nagai,
M. Nakai, H. Nishimura,
T.Norimatsu, P. A. Norreys,
S.Sakabe, K. A. Tanaka, A.
Youssef, M. Zepf, T.
Yamanaka

Keiji Nagai, Takayoshi
Norimatsu, Tatsuhiko
Yamanaka, Tsutomu Nishibe,
Norimasa Ozaki, Kikuo
Takamatsu, Takatoshi Ono,
Motohiro Nakano, and Kazuo
A. Tanaka

T. Miyakoshi, M. S. Jovanovic,
Y. Kitagawa, R. Kodama, K.
Mima, A. A. Offenberger, K.
A. Tanaka, and T. Yamanaka

Jian Zheng, K. A. Tanaka, T.
Miyakoshi, Y. Kitagawa, R.
Kodama, T.Kurahashi, and T.
Yamanaka

Jian Zheng, K. A. Tanaka, Y.
Sentoku, A. A. Offenberger, Y.
Kitagawa, R. Kodama, T.
Kurahashi, K. Mima, and T.
Yamanaka

Energy Dependence of the Stopping Power
of MeV 160 lons in a Laser-Produced
Plasma

Nucl. Instrum. Methods Phys.
Res., Sect. A

Laser Plasma Induced from Solid Hydrogen  Nucl. Instrum. Methods Phys.
for Beam-Plasma Interaction Res., Sect. A

Energy Loss of 6MeV/u Iron lons in Partially Nucl. Instrum. Methods Phys.
lonized Helium Plasma Res., Sect. A

A simple Time-Resolved Emittance
Measurement of a Laser lon Source with a
Digital Camera

Nucl. Instrum. Methods Phys.
Res., Sect. A

Stopping Power of Heavy lons in Hot Dense

Acta Physica Polonica B
Plasmas

Fast heating of super-solid density plasmas Plasma Physics And Controlled
towards laser fusion ignition Fusion

Fast heating scalable to laser fusion ignition Nature

Single Molecular Membrane Glue Technique

Jpn. J. Appl. Phys.
for Laser Driven Shock Experiments pn PP ¥s

Stimulated Raman back-scattering from a
mm-scale inhomogeneous plasma irradiated Physics of Plasmas
with ultra-intense laser pulse

Spectrum of transition radiation from hot
electrons generated in ultra-intense laser Physics of Plasmas
plasma interaction

Harmonic emission with cyclotron satellite
structure due to strong magnetic fields
produced by ultra-intense laser-plasma
interaction

Physics of Plasmas

464 (2001) 231-236

464 (2001) 262-266

464 (2001) 440-444

464 (2001) 582-586

32 (2001) 945-956
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Yamanaka
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