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Abstract.

Three stainless steel mirrors were exposed inside the LHD vacuum vessel during the 3-rd
experimental campaign. Then the change of spectral reflectance, R(A), at normal incidence
for A=200+700 nm was measured. Mirrors in the divertor region and in the diagnostic port
became coated with carbon-based films but murror closest to the plasma confinement volume
became cleaner than was initially. The characteristics of films were obtained by different
techniques that are in practice for analyzing the near-surface layers. After that the films were
slowly removed by series exposures of mirrors to low energy ions of deuterium plasma with
measurements of R(A) after every exposure. In the present paper the comparison is made on
reflectance behavior during cleaning procedure with results of reflectance calculations in the
framework of the model: the half-transparent film on the stainless steel substrate. The n{A)
and k(A) data for carbon-based films were taken from previous measurements and from
literature.
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1. Introduction :

The working efficiency of in-vessel mirrors of diagnostic systems for measuring
plasma parameters in a fusion reactor will depend both on the mirror material and on
the mirror location inside the reactor vacuum vessel. Till recently the data necessary
to predict the behavior under a fusion reactor environment of mirrors fabricated of
. different metals with different structure (i.e., polycrystal, single crystal, metal film on
metal substrate) were obtained in simulation experiments only {1]. The first attempt
to study the relationship between the mirror location and modification of mirror
optical properties was made for stainless steel mirror samples exposed inside the
Large Helical Device (LHDY) [2] during one experimental campaign. In this paper the
main results obtained after investigation of mirror samples taken out of the LHD
vessel are presented.

2. Experimental setup and initial data

Three mirrors of stainless steel type similar to 316 steel, with the size of
20x10x1 mm were mechanically polished and rinsed in an ultrasonic bath filled with
acetone. The spectral reflectance at normal incidence of samples was measured in the
wavelength range 200-700 nm, and afterward they were installed inside the LHD
vacuum vessel in positions shown in Fig.1, where locations of mirror samples are
indicated by numbers 1, 3, and 5. The mirror samples were not protected from
contact with the plasma produced by a glow discharge during regularly repeated
conditioning procedures. Close to these mirror samples the carbon and SS collectors
were also disposed, and results of detail surface analysis of these collectors are
presented in [2] and [3]. The samples were exposed during the whole 3™ campaign
with main peculiarities of operating regimes described in [3, 4]. We mark here only
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the most important common characteristics of experiments during that campaign: (i)
all entire regions of divertor striking points were covered by graphite tiles in such a
way that the plasma of divertor flows was interacting with graphite targets only, (ii)
about 80% of discharges were initiated when magnetic axis of the magnetic
configuration was positioned at R=3.6 m, (iii) the working gas was H; or He with
approximate ratio of numbers of working discharges (shots) Ny/Ny.~0.62 of the total
Nyt+Npe=10000, (iv) the total time of glow discharge cleaning (two anodes), about
2300 hrs, was equally distributed between discharges with He and H; backgrounds.
Plasma was heated by the ECH (~0.55 MW), ICRF (1.5 MW), and NBI (~4.5 MW)
methods and the maximal stored energy reached ~0.88 GJ.

It is seen from Fig.1 that the samples were fixed at very different locations: #1
was positioned near the divertor region, #3 — close the plasma border, and #5 — quite
deeply in the diagnostic port in the same poloidal cross section and in the same plane
as #1 (central plane). After samples have been removed from the vacuum vessel the
reflectance was again measured in the same way, and the surface of samples was
analyzed by several methods: Auger electron spectroscopy (AES), ion backscattering
technique (RBS) using 1.5 MeV He" ion beam, scanning electron microscopy (SEM),
energy dispersive x-ray spectroscopy (EDS), profilometry, and ellipsometry at the
wavelength 632.8 nm.

It was found that after exposure in LHD the reflectance of all samples has
changed from the identical initial level, as is seen from data in Fig.2. The reflectance
of mirrors #1 and #5 dropped strongly whereas the reflectance of sample #3
increased significantly. The decrease of samples #1 and #5 reflectance is due to
appearance of the contaminating films, which could be easily seen in the white-dark
photo of samples, Fig.3. From the character of spectral reflectance (Fig.2) one can
conclude that the contaminating film on the #5 sample is thicker than the film on the
#1 sample. :

The rise of reflectance of the sample #3 after exposure in the LHD vessel we
attribute to a not entire cleaning of all three mirrors before they were installed inside
the LHD vessel from contamination by some organic film having been deposited due
to rinsing samples in an ultrasonic bath (in acetone). It was found by special
experiment that the best cleaning of such an organic film can be reached when the
rinsing procedure is followed by exposing to impact of low energy hydrogen
(deuterium) ions of a ECH discharge plasma, what was not done in the case of these
particular mirror samples, #1, #3, and #5. Thus, the increase of reflectance of the
sample #3 can be explained by full cleaning of the mirror surface from residuary
organic film due to plasma impact, for example, through bombardment by charge
exchange atoms during working discharges and by ions during glow discharge
conditioning.

The high level of reflectance for mirror sample #3 after removing from LHD
vessel was supported by quite high surface quality as was observed by analyzing the
SEM photos (not shown in this paper). The data of profilometry measurements
(Fig.4) demonstrate that bombardment of the #3 mirror not only cleaned its surface
from organic film but also resulted in sputtering erosion of the mirror body. This
sample, as others, was fixed to holders by narrow angle bars in such a way that the
narrow zones, of ~0.5 mm wide, along both sides of samples were protected from
bombardment by projectiles. In Fig. 4 one of protected zones is shown as the area
going along the sample between x=0 and x=500 mm (X — is the horizontal axis), and
one can see the existence of a small step along the border separating the parts which
was protected by the angle bar (left side of the picture) and the other, unprotected



part of sample. This step is also seen on the structure of microrelief (lower part of Fig.
4) measured along the line shown on the area subjected to profilometry. The
estimation “on eye” gives that layer with approximately 0.15 um in depth was eroded
on average.

The composition of the contaminating films that appeared on samples #1 and #5
was estimated using AES and RBS data. The RBS data for all three mirror samples
together with data for several other samples are presented in Fig.5. According to
AES analysis, the deposited layer on the surface of #1 sample was found to consist
mainly of C (~40 atomic %) and Fe (~40 atomic %) but on the #5 sample — the only
contaminant registered was carbon (~90 atomic %) {2, 3]. The surface of the sample
#3 was practically free of carbon however a quite small trace of heavier metal,
_possibly, copper was registered by RBS. The thickness of deposited layer, according
to RBS estimation, was ~100 nm for #5 sample and ~40 nm for the sample #1.

The optical characteristics of film deposited on sample #1 was obtained by
ellipsometry at the wavelength 632.8 nm. The calculations of optical indices (ny, ki)
and the film thickness were done within a simple approximation: a homogeneous
film on the SS substrate. As the n and k values of the SS substrate, the indices
measured for the sample #3 were used. The refraction and extinction indices of the
deposit evaluated with such an approximation are n=2.5 and k=0.33, and the film
thickness was estimated as ~26 nm, what is in agreement with RBS data. For sample
#5 similar data could not be obtained for the full deposit thickness because of very
low reflectance at the wavelength of measurement (see Fig.2). _

To know more about properties of contaminating films on samples #1 and #5
and of the quality of mirror surface under the coatings, the cleaning of these films
using low energy ions of deuterium plasma was provided. The results of this
experiment are presented in the next section. -

3. Cleaning the mirrors #1 and #5

The plasma was produced by an electron cyclotron resonance (ECR) discharge
in deuterium in a double-mirror magnetic configuration with maximal magnetic field
strength near 0.2 T in magnetic mirrors and magnetron frequency 2.375 GHz [5]. It
was shown earlier [1] that such plasma does effectively remove carbon films
deposited on metallic surfaces.

The samples were fixed on the water-cooled holder centered along the device
axis and brought into the discharge chamber through a vacuum shutter. The magnetic
field lines cross samples along the surface normal. The electron density and
temperature of plasma in the region of the holder position was near 6x10" m™ and 3-
5 eV, correspondingly, according to measurements by electrostatic probes. Before
and after cleaning of the contaminating film both samples were weighed within
accuracy 20 lig. The cleaning procedure was carried out step by step, with regular ex
situ control of the spectral reflectance in the wavelength range 220-650 nm. For these
particular samples two regimes of film cleaning were applied: (a) without biasing the
holder (like in [1]), i.e., when during first 130 min for sample #1 and 140 min for
sample #5 the ion energy was defined by the sheath potential only, e.g., not exceeded
~15 €V and thus the chemical erosion was the main mechanism of removing the
carbon-based film; (b) with biasing holder to —300 V, e.g., when starting from 130
min for #1 sample and from 140 min for #5 sample the deuterium ion energy much
exceeded the threshold of the physical sputtering of carbon and any other
contaminant material.



The time dependences of reflectance recovering at two wavelengths for both
samples are shown in Fig.6. These data demonstrate that the characteristics of films
that appeared on these samples are very different. Namely, the film on the #5 sample
was thicker (because the interference effects are seen) but softer than the film on the
#1 sample. This follows from the fact that the rate of reflectance recovering for the
#5 sample during the cleaning regime (a) was much faster in comparison to the #1
sample. However for both samples the recovery was stopped after about one hour
cleaning time. For the #5 sample this “saturation” of mirror recovering (in the time
interval 60-140 min) is probably due to practically full disappearance of the carbon
film deposited inside the LHD vessel, and the remained film was the one connected
with washing the sample in an ultrasonic bath after the finish of polishing, before
installation inside LHD. This lowest contaminating layer was gradually disappearing,
starting from the time 140 min, i.e., after ion energy was increased by ~300 eV. For
the #1 sample the intermediate saturation level behaved in the way like the rest film
consisted of not one but two layers: the upper which disappeared by ion
bombardment during 130-145 min was probably the rest of the layer deposited in
LHD, and the lower one which had the thickness and composition close to the layer
that was initially on all samples (due to washing in an ultrasound bath) and
maintained on the #5 sample after 1% stage of conditioning. The practically full
recovering of the spectral reflectance was achieved for both samples after about 60
min bombardment with 300 ¢V energy ions.

4. Discussion and conclusion

The data obtained at this stage of experiment demonstrate that the location of the
mirror samples inside the LHD vacuum chamber is very important factor that
determines the rate of mirror degradation. The mirror #3 located close to the plasma
confinement volume and quite distant from the divertor regions was cleaned from the
contaminating film that appeared as a result of rinsing samples in the ultrasonic
acetone bath. Besides, this mirror was even slightly etched by plasma particles at the
depth ~0.15um. After exposure in LHD the reflectance ‘of this mirror samples
significantly increased in comparison with the initial reflectance value and according
to profilometry and SEM data, this sample saved the very smooth surface. This is in
agreement with data of modeling experiments with mirrors of similar material.
Namely, as was shown in [1], the reflectance of stainless steel mirror begin to
degrade after depth of sputter erosion exceeds ~0.3um.

Mirror #1, fixed close to the divertor region with graphite tiles as the divertor
plates, becames coated by the film of complicated composition. The thickness of film
deposited on the collector #1 measured by AES [2,3] and on the mirror sample #1 by
RBS and ellipsometry are in a quite good agreement each other. Namely, the
thickness ~40 nm can be estimated from RBS, ~30 nm from AES data (Fig. 3a in [3])
and ~26 nm according to ellipsometry. Similarly, rather good agreement was found
for deposited film thickness measured on samples #5: by AES ~50 nm, (Fig. 3¢ in
(3], by RBS ~100 nm, and estimated from ellipsometry and spectroscopy
measurements ~50 nm.

As was mentioned above, the carbon film thickness on the mirror sample #5,
fixed deeply in the port, was much thicker according to optical measurement (Fig.2)
and results of cleaning (Fig.6), however it could not be measured by ellipsometry just
after taking out of LHD vessel because of very low reflectance at 632.8 nm. In the
process of film cleaning (Fig.6) the ellipsometry of the sample #5 was applied to
obtain the optical characteristics and film thickness at some intermediate phase of the



cleaning procedure. Then these data were used to calculate the spectral reflectance at
different stages of cleaning and to compare the calculated values with spectral
reflectance measured in the course of cleaning. In Fig.7 the results of calculations are
shown by lines and measured reflectance — by symbols. As a parameter of symbol
sets the time duration of the cleaning procedure (Fig.6) was taken, and parameter of
lines — the thickness of carbon film when providing the calculations (these film
thicknesses are indicated in Fig. 7 near every curve). When providing these
calculations the wavelength dependences of carbon film n¢ and kr values were taken
the same as for calculations of data published in [6] for the carbon film deposited on
molybdenum mirror in the arc discharge between two graphite electrodes. The best
fitting of calculated data required some variations of supposed optical indices of film
(n¢ and ky), in the limit £10% relatively to the base values, when calculating the
spectral reflectance for every stage of cleaning indicated in Fig.7. The need to
modify the ny and kr values when fitting the different film thickness on the #5 mirror
sample is an evidence of a definite depth inhomogeneity of the deposit appeared on
the mirror sample #5 during exposure in LHD.

The values of n; and kr indices found for deposit on sample #1 within the
framework of the simple model (i.e., n=2.5, k=0.33) are also in a quite good
correspondence with values characteristic for a carbon film that was evaporated by
an arc discharge between two graphite electrodes (n=2.6, k=0.35 [7]) but very differ
from indices measured for the film grown on the window of the JT-60U tokamak
(n=1.8-2.0, k=0.17-0.15 [8]).

The resistance of deposited films to impact by low energy D ions is quite
different as data shown in Fig.6. The cleaning process demonstrates that the film on
the #1 sample was significantly harder than that on the sample #5. This is probably
the result of high percentage of iron in the composition of the deposit. The SEM
photos demonstrated that the film on the #5 sample was strongly inhomogeneous in
comparison to the quite homogeneous film surface on the #1 sample.

It is interesting to note that the film appeared on all three sample mirrors due to
rinsing in an ultrasonic bath was not too strongly modified on sample #5 during
exposing it in LHD and was still a cognate object near the finish of the cleaning
procedure. In Fig.8 we compare the spectral reflectance for samples #1 and #5 at the
time of cleaning t=145 min with reflectance for all samples before installation into
LHD (the same as curve “initial” in Fig.2). The symbols are the measured reflectance
and lines — the calculated values with assumption that optical indices of the
contaminating film are the same as for the carbon film deposited in the arc discharge
between graphite electrodes [7]. As seen, the thickness and optical properties of the
film that remained on the sample #5 after this intermediate time of conditioning
(t=145 min) are in an excellent agreement with the film which was initially on all
samples due to rinsing them in an ultrasonic bath. Thus, we can state that before
installation into the LHD vessel all samples had a film of ~11 nm thick.

At the same time there is no similar agreement for the sample #1. The film
remained here after 145 min cleaning procedure was ~50% thicker (~15 nm) and had
different optical constants, what follows from the difference between measured
points (thombuses) and the curve calculated for the same ny and ky values as two
other curves at this graph.

Thus, we can conclude that during the exposition in LHD the sample #3 was
practically fully cleaned from the contaminating layer, and on the samples #1 and #5
this layer was over-deposited by another layer. This new layer practically did not
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change the characteristics of the initial film on the sample #5 (“soft” deposition in
LHD), as it is seen from Fig.8: the properties of the rest layer on this sample at this
stage of cleaning are very much the same as those which all samples had before
installation into LHD (the curve “initial” in Fig. 2 and curves for samples #1 and #5
in Fig. 8). At the same time, the residual film on the sample #1 has significantly
different optical indices in comparison with indices of the initial layer that existed on
all samples before installation into LHD. It follows from the latter that the process of
deposition of contaminating film on mirror #1 was accompanied by modification of
the film that existed on the mirror surface initially, before installation of mirrors into
LHD (“hard” deposition in LHD). '

After full finishing the cleaning procedure the spectral reflectance of both
mirrors (#1 and #5) became very close to what is shown in Fig.2 by squares as an
example of typical SS mirror which was polished, rinsed in an ultrasound bath, and
cleaned by low energy deuterium ions. .

The mechanism which provided the cleaning of the sample #3 from the imtial
contaminating film and the maintenance of a high surface quality with corresponding
high reflectance was not identified yet.

Basing on the above described results we can make the following conclusion:

The correct choice of diagnostics mirror location inside the LHD vacuum
chamber with graphite tiles protecting the vessel wall in the divertor area is a quite
responsible procedure. It is evident that the mirror fixed at the same position as the
sample #3 will maintain its optical properties for a long period of LHD operation.
Such mirrors can be used for observation of those parts of plasma or inner surfaces
(e.g., divertor plasma, divertor plates) that are not seen directly through the
diagnostic ports.

In the case of inappropriate choice of the mirror position the cleaning of
contaminating carbon-based deposit on the mirror surface can become a quite
difficult problem because the biasing of the mirror holder to several hundred volts
would be required.

Using the fitting method for measured spectral reflectance behavior during
different stages of the cleaning procedure, the thickness and optical indices of the
carbon-based contaminating film appeared on the mirror surface can be estimated.

The behavior of mirrors in conditions when the boronization procedure is used
would be very desirable.
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Figure éaptions
Fig.1. The scheme of locations of SS mirror samples inside the LHD vessel.

Fig. 2. Spectral reflectance of SS mirror samples before (marked as “initial”) and
after exposure inside the LHD vessel (curves marked as #1, #3, and #5). Squares
show the typical spectral reflectance of a SS mirror subjected to cleaning by low
temperature deuterium plasma after polishing and washing in an ultrasonic acetone
bath.

Fig. 3. The photos of samples after they were taken out of the LHD vacuum chamber.

Fig. 4. Results of profilometry measurement of the surface morphology of the sample
#3 after exposing in the LHD.

Fig. 5. RBS spectra for collectors and mirror samples.

Fig. 6. The recovery of reflectance (normal incidence, wavelengths 220 nm and 650
nm) of samples #1 and #5 due to deuterium ion bombardment. Up to t=130 min for
sample #1 and up to t=140 min for sample #5 the Sample holder was grounded, i.c.,
the energy of ions was <15eV. After that times the samples were exposed to ions
accelerated to ~300 eV by negatively biased holder.

Fig. 7. The comparison for the sample #5 of the measured reflectance values
(symbols) and calculated reflectance values (curves), correspondingly, for different
time moments of cleaning procedure with the film thickness dr as a parameter.

Fig. 8. The measured (symbols) and calculated (curves) spectral reflectance values:
for samples #1 and #5 after t=145 min cleaning procedure; for sample #3 — before
installation of samples into LHD (curve “initial” m Fig. 2). After fitting the imitial
reflectance data for sample #3 (solid line) we took the same ng(A), ks(A) for the
stainless steel and ngA), k(A) for the carbon film on samples #1 (dotted line) and #5
(dashed line).
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Fig. 3. The photos of samples after they were taken out of the LHD vacuum
. chamber.
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Fig. 4. Results of profilometry measurement of the surface morphology of the
sample #3 after exposing in the LHD.



count

500 gz
\ |

: clean Fe
400 : surface
[ edge
300 F
200 |
100 £ boundary shift
[ dueto C film
O“Jul
240 250 260 270 280 290 300
RBS channel
300 NIFS : A.Sagara/2003.1.15
[, <-C+20at%Fe ' ' ‘
~ 250 ‘\‘\e'_"‘:-" C+10at.%Fe -
E - N #H4 Stainless steel samples
= - L X after the 3rd cycle LHD
£ 200 t ]
o [ RBS : He(1.5MaV),
&) [ 90deg-150deq
oy 130 Calculation : .
8 - p of fitm =1.8g/cc 1
7] - . 4
2 100 N
%- : ]
2 - #2&3 ]
550 ]
0 B 1 1

240 250 260 270 280 290 300
RBS channel (= E(l l/ 4,135keV)
(=

Fig. 5. RBS spectra for collectors and mirror samples,
and the C film thickness calculated as a function of RBS channel.

PRI SR S U R U N Y B AT U B I S G AR 1




-
o
4

1%11!1!r1

Reflectance, %

i 1 rl 2 Il

0 50 100 150 200
Exposure time, min

Fig.6. The recovery of reflectance (normal incidence, wavelengths 220 nm
and 650 nm) of samples #1 and #5 due to deuterium ion bombardment. Up to
t=130 min for sample #1 and up to =140 min for sample #5 the sample
holder was grounded, i.e., the encrgy of ions was <15eV. After that times the
samples were exposed to ions accelerated to ~300 ¢V because of negatively
biased holder.

) __,Q-CQ t, min:
60. 4nm'-"o. " o o0
e g o s a0

. . nm, > Lo
40- Q'O _ 'Ery/q/ 'Q@O - 30
1 . "> ' 14om. ‘ <d 40

30': & d‘otﬂ. .'<>1‘9nm -0 140
o 175

1 |
: O A.‘_ag-nm —
042 AT

i 1

200 300 400 500 600 700
A, NM

Fig. 7. The comparison for the sample #5 of the measured reflectance values
(symbols) and calculated reflectance values (curves), correspondigly, for
different time moments of cleaning procedure with the film thickness dras a
parameter.

Reflectance, %

->Df>'




O #3, before LHD

‘ A #5 t=145min
< #1, t=145 min

e fit to #3, df=11 nm

Reflectance, %

2 — -fitto #5,d=11,5 nm
- = fitto#1,d=15nm
10 ‘ — e —————
300 400 500 600
A, NM

Fig. 8. The measured (symbols) and calculated (curves) spectral reflectance
values: for samples #1 and #5 after t=145 min cleaning procedure; for sample
#3 — before installation of samples into LHD (curve “initial” in Fig. 2). After
fitting the initial reflectance data for sample #3 (solid line) we took the same
ng(A), ko(A) for the stainless steel and ngA), k(A) for the carbon film on
samples #1 (dotted line) and #5 (dashed line).



NIFS-177

NIFS-778

NIFS-779

NIFS-780

NIFS-78t

NIFS-782

NIFS-783

NIFS-784

NIFS-785

NIF5-786

NIFS-787

NIFS-788

NIF5-789

NIFS-790

NIFS-791

NIFS-792

NIFS-793

NIFS-794

NIFS-795

NIFS-796

NIF§-797

NIFS-798

NIFS-799

NIFS-800

NEFS-801

Recent Issues of NIFS Series

S.-I. ltoh, K. [toh and M. Yagi

A Novel Turbulence Trigger for Neoclassical Tearing Modes in Tokamaks
July 2003

T. Utsumi. J. Koga, T. Yabe, Y. Ogata, E. Matsunaga, T. Aoki and M. Sekine
Basis Set Approach in the Constrained Interpolation Profile Method

July 2003

Oteg . Tolstikhin and C. Namba

CTBC A Program to Solve the Collinear Three-Body Coulomb Problem: Bound States and Scattering Below the Three-Body
Disintegration Threshold

Aug. 2003

Contributions to 30th European Physical Society Conference on Controlled Fusion and Plasma Physics
(St.Petersburg, Russia, 7-11 July 2003) from NIFS

Auvg. 2003

Ya. I Kolesnichenko, K. Yamazaki, S. Yamamoto, V.V. Lutsenko, N. Nakajima, Y. Narushima, K. Toi, Yu. V. Yakovenko
Interplay of Energetic lons and Alfvén Modes in Helical Plasmas

Aug. 2003

S.-I. Iioh, K. Troh and M. Yagi

Turbulence Trigger for Neoclassical Tearing Modes in Tokamaks

Sep. 2003

F. Spineanu, M. Vlad, K. Itoh, H. Sanuki and S.-I. Itch

Pole Dynamics for the Flierl-Petviashvili Equation and Zonal Flow

Sep. 2003

R. Smimov, Y. Tomita, T. Takizuka, A. Takayama, Yu. Chutov

Particle Simulation Study of Dust Particle Dynamics in Sheaths

Oct, 2003

T.-H. Watanabe and H. Sugama

Kinetic Simulation of Steady States of lon Temperature Gradient Driven Turbulence with Weak Collisionality
Nov. 2003

K. Iroh, K. Hallatschek, S. Toda, H. Sanuki and 8.-1. Itch

Coherent Structure of Zonal Flow and Nonlinear Saturation

Dec. 2003

S.1. Iteh, K. Ttoh, M. Yagt and 5. Toda

Statistical Theory for Transition and Long-time Sustainment of Improved Confinement State

Dec. 2003

A. Yoshizawa, S.-I. Itoh, K. Itoh and N. Yokoi

Dynamos and MHD Theory of Turbulence Suppression

Dec. 2003

V.D. Pustovitov

Pressure-induced Shift of the Plasma in a Helical System with Idealty Conducting Wall

Jan. 2004

S. Koikari

Rooted Tree Analysis of Runge-Kutta Methods with Exact Treatmemt of Linear Terms

Jan. 2004

T. Takahashi, K. Inoue, N. Iwasawa, T. Ishizuka and Y. Kondoh

Losses of Neutral Beam Injected Fast lons Due to Adiabaticity Breaking Processes in a Field-Reversed Configuration
Feb. 2004

T.-H. Watanabe and H, Sugama

Vlasov and Drift Kinetic Simulation Methods Based on the Symplectic Integrator

Feb. 2004 .

H. Sugama and T.-H. Watanabe

Electromagnetic Microinstabilities in Helical Systems

Feb. 2004

S.I. Kononenko, 0.V . Kalantaryan, V.1, Muratov and C. Namba

Spectral and Angular Characteristics of Fast Proton-Induced Luminescence of Quartz

Mar. 2004

K. Itoh, K. Hallatschek and S.-1. Itch

Excitation of Geodesic Acoustic Mode in Toroidal Plasmas

Mar. 2004

A. Shimizu, A. Fujisawa, 8. Ohshima and H. Nakano

Consideration of Magnetic Field Fluctuation Measurements in a Torus Plasma with Heavy lon Beam Probe
Mar. 2004

M.I. Mikhailov, K. Yamazaki

Fast Particles Confinement in Stellarators with Both Poloidal-Pseudo-Symmetry and Quasi-Isodynamicity
Apr. 2004

T. Takahashi. T. Kato, N. Iwasawa and Y. Kondoh

Power Deposition by Neutral Beam Injected Fast lons in Field-Reversed-Configurations

Apr. 2004

V.S. Voitsenya, D.I. Naidenkova, Y. Kubota, S. Masuzaki, A. Sagara, K. Yamazaki

On the Possibility to Increase Efficiency of Conditioning of Vacuum Surfaces by Using a Discharge in a Hydrogen-noble Gas Mixture
Apr. 2004

S.-1. Itoh, K. lioh, A. Yoshizawa and N. Yokoi

Periodic Change of Solar Differential Rotation

May 2004

V.5. Voitsenya, A. Sagara, Al Belyaeva

Effect of Exposure inside the LHD Vessel on Optical Properties of Stainless Steel Mirmors

Jun 2004

|T>rinted on 100% Recycled Paper for this Text—l




