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I - INTRODUCTION

The author of this report came to NIF5 (National Institute for Fusion Science) invited by

Prof. Fujita, Director of Research and Development Division of Department of Large Helical Device

Project of this institute, to carry out experiments with advanced piasma diagnostics in

thermonuclear grade plasmas. In Japan, there are presently three large controlled fusion research

centers: JAERI (Japan Atomic Energy Research Institute) where is in operation the JT-60U, one of

the largest Tokamaks in the world; ILE (Institute of Laser Engineering) dedicated to inertial

confinement fusion by laser where is in operation the Gekko XII system; and N1FS (National

Institute for Fusion Science) where the largest helical device in the world LHD is under

construction. As a support for this large project, there are presently two medium size magnetic

confinement devices in NIFS: the JIPP T-IIU tokamak and the helical device CHS (Compactjjelical,,

^System). Due to an accident on March 9 1 , in the toroidal coils of JIPP T-IIU, the only plasma

confinement device that really worked at NIFS during the 91 fiscal year W8S the CHS device. The

author of this report was accepted to work in the CHS group in the begining of April 9 1 , to apply a

novel diagnostics in helical systems: beam emission spectroscopy (BES) using fast neutral lithium

beam (FNLB) with 8 keV. The BES with fast Li° was considered to be one of the diagnostics with

greatest potential to measure ne and fig in the edge of CHS where the expected plasma parameters

were in the range of 101 2cm~3and 10-100 eV. In fact, as our results have shown, this method of

nonperturbing diagnostics is very effective and could be a candidate for measuring not only the edge

plasma profile but also for divertor regions of CHS 3S well as in LHD.

The measurement of the basic plasma parameters Te, and rig at the edge region hes deserved

high priority lately because it has been found that certain types of high performance confinements

as H-mode, IOC-mode and VH-mode, depend strongly on the control of thoss parameters, i.e., the

behaviour of the edge plasma influence the global confinement of the plasma.

Since in helical systems there ere few experiments relating the edge plasma with the bulk

one, our contribution measuring the edge density profile could be very meaningfull and lead to

important experimental works in the field.

II-SCIENTIFIC ACTIVITIES WHILE IN JAPAN

As W8S proposed in the research plan submitted to JSPS, a training in the field of beam

emission spectroscopy was accomplished using a 8 keV fast neutral lithium beam (FNLB) as the

probe beam and using a phase sensitive detection method to measure the resonance line of Lil (6708

Â). This diagnostic method was used to measure the edge density profile of a plasma produced in a

low-aspect-ratio helical device CHS (Compact Helical System). Plasmas produced with different

heating schemes of ECH, ECH + NBI, ECH + NBI + ICH in the CHS device were studied as well as with

different magnetic axis positions. Results of these experiments were presented in various
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conferences and various papers were submitted to different journals and scientific publications

(some of them already published and others accepted for publication). They ere listed at the end of

this report.

II. 1 -PREPARATION OF FAST NEUTRAL LITHIUM BEAM SOURCE

The Li° source used in this experiment consists basically of a thermal emission L i + source, a

small ion extraction gap, a lens for focalization of the beam, and a section for the neutralization of

L i + beam. A long tube for the propagation of the Li° beam connects this source to the CHS device,

with a valve in between.

The schematic drawing of the L i + source is shown in Fig. 1, and the Li° source set-up is

shown in Fig.2.

Before the injection of the neutral lithium into CHS, a characterization of the L i + source was

carried out. The objective in this phase was to obtain a beam with maximum intensity and lowest

divergence. A large ammount of beam quality date was obtained which will be published soon.

Summarizing, a 2 cm diameter Li° beam with an intensity of 50 uA/cm2 with 8 keY was obtained

typically, at the diagnostic position. The present L i + source is limited in extraction energy of 11

keY, due to internal breakdown for higher voltages. A beam with 8 keY is adequate for our purpose

because It wil l result In a spatial resolution of 1.2 cm and will penetrate about 10-20 cm into a

1 o ' 2 - | o ' 2 cm~^ plasma, hence probing the edge plssma quite well.

One of the crutial points of the successful application of BES with fast Li° in the CHS plasma

was the development of a detection system with high signal to noise ratio, despite of high background

light near ^ = 6708 A in CHS plasma. Ph8se sensitive detection method wss used in our final

set-up of BES diagnostics which is shown in Fig.3. Here the beam wss modulated in 10 kHz with

modulation voltage of about 250 V in the deflection plate which is located near the output of L i +

source. The reference signal which is also modulated at 10 kHz is introduced into the Lock-in

amplifier as well as the photomultiplier signal. Typically used integration time was 1 to 3 ms,

which is the limit of our time resolution.

The improvement of the 6708 A phoion flux signal can be seen comparing the oscillogram of

Fig.4(a) which was obtained directly from the photomultiplier and of Fig.4(b) which was obtained

by modulation of the beam and signal processing through Lock-in amplifier and CAMAC + Vax. The

high noise level introduced by the ICH application is filtered when phase sensitive detection is used.

11.2- PRINCIPLE OF THE METHODS FOR DENSITY DETERMINATION USING FNLB PROBE

Two methods were used in the CHS edge plasma density determination. The first method used

for plasmas with <nel>< 4x 1 0 ' 7 m" 2 and Te = 10-100 eY, is based on comparison of the fluxes of

6708 A photons emitted from L1° beam injected into a gas filled CHS chamber and from the beam

injected into the actual plasma produced during a discharge. In this low density case, the attenuation



of the beam in the plasma can be neglected and the photon flux resulting from excitation of the beam

atoms dy impact with electrons is Nvp = Kj.ng.nQ.Qp, where nD is the beam neutral atom density,

Qp the effective excitation cross section and ne the electron density, and K^ is a constant of

proportionality which includes optics Geometry and detector sensitivity factors. On the other hand,

photon emission in gas (7x10-2 Pa of He pressure is used during calibration) is given by Nv g =

K2.ng.nD.Qg, where ng is the gas density, (^ the excitation cross section for collision of the beam

atoms with neutral atoms in gas, and K^=<2, if the same geometry of observation and the same

detection methods are used during calibration and plasma density measurement, es in the present

experiment. Then,

"VH>Ci J 3 C O
and the local plssma density can be directly obtained from known cross section data if ru and

the ratio Nvp(r)/NVg are measured. The second method of density determination used for plasmas

with <ngl> <2xio '8 m~2 and Te < 100 eY, is based on the well known method of density

reconstruction from the whole photon flux profile. Here,

V-0-

where v* is the velocity of the monoenergetic Li° beam atoms, NVD( r ) the photon flux, <iT-1^>,

ihe effective emission rate coefficient and <i7 r , ^ >. the total rate coefficient for ionization and
'(LA L

charge exchange of the beam atoms. In our calculation we included: the density dependence of the

ratio ^ ^ ^ ^ ^ / ( l o n i z a t i o n from 225 and 22P states; excitation from 22S and 22P and

deexcitation from 22S and 22P states due to electron collision; corresponding proton collision

processes and charge exchange from 22S and 22P states of Li°.

11.3- EXPERIMENTAL SET-UP OF FNLB PROBING IN CHS

The experimental arrangement used for the FNLB probing of CHS edge plasma is shown in

Fig. 3. In this schematic drawing we show the cross section of CHS vacuum chamber, the positions of

the beam injection side port and of the optics upper port. The plasma obtained in this toroidal

location is in the lay down position, and in the particular case shown in the figure, a plasma with

magnetic axis of Rax= 0.949 m and the corresponding LCFS (both in vacuum) are depicted. The Li°

beam injection angle can be varied between 10" and 2 Io but in this report we will describe only

results obtained with o( = 12.8B, and hence the cases for which the beam intersects the meridian

plane of CHS at R= 1.20 m, as is shown in the figure. The central opticsl channel (of 9 available)

consisting of fiber optics guide and a camera lens Is set so that it sees town the iieam exactly at this
. 3 .



intersection. The 6708 A Lil resonance line photons are collected with the camera lens (Nikkor,

0.135 m, 1:2.8), focused onto the tip of a 5 m fiber optics cable with 0= 5x10"^ m.sent to an

interference filter ( A \ = 15 A) and measured with a photomultiplier tube. Presently, only a single

complete detection system is available, and the photon flux profile is obtained shot by shot while

changing the fiber channels. In the present set-up, the observable edge plasma radius interval is

limited to about 0.15 m.

11.4- EXPERIMENTAL RESULTS

Various modes of discharge operation were studied in CHS by changing heating schemes,

inserting limiters or electrodes, changing the magnetic axis as well as magnetic flux shapes and so

on. FNLB probing has been applied successfully to study these discharges.

Edge density profiles of NBI plasma

To start with, we describe edge density measurements performed in a discharge with ECH (53

GHz, HO kW) target plasma heated by a tangentially injected NBI (36 keV, 1 MW), with Bt= 0.9 T

and a magnetic axis Rax= 0.949 m. A central electron temperature of about 250 eV and <ne>=

3x10 1 9 m~5 were measured by Thomson scattering and HCN laser interferometry, respectively

In such a plasma. Timing sequence of the discharge is shown ir, the top diagram of F1g.5. Below we

show the time evolution of Lil 6708 A photon flux signal. This signal was obtained at the optical

channel * 5 , observing the radial position of R= 1.20 m. The signal to noise ratio is above 20 until

the mid pulse, then worsens to about 5 at the later part of the discharge. At the bottom of F1g.5 we

show the time evolution of the line integrated density <ngl> and the average density. The obtained

photon flux profile for this NBI plasma is interesting from point of view of diagnostic using FNLB

since for R> 1.20 m where the beam attenuation is negligible, the density can be determined using

the straightforward method of beam calibration in gas, while for tonar plasma regions where the

attenuation of the beam is strong, and for regions with R>1.20 m, the density reconstruction

method can be applied. Time evolution of density profiles so obtained ere plotted in Fig.6. Good

agreement is found for densities obtained by both methods in regions where they overlap. Thomson

scattering was carried out In this series of discharge providing rig at t= 80 ms and Is also in a

relatively good agreement with measurements from FNLB probing, 8S the result of Ftg.7 shows.

For t= 80 ms, the density gradient at the edge is about 5x 10 2 0 m""^, from R= 1.17 m to R=

1.22 m, while the density e-folding length V = 0.03 m, in that region. Density gradient increases

as the NBI heating progresses up to 80 ms, then starts to decrease after 128 ms. Cross check of

edge density measurements for such a high density NBI heated discharges, including beam

calibration in gas and density reconstruction methods 8s well as Thomson scattering, indicates that

the f irst method works quite well in regions where rig ~ 1x1019 m~3. Measurement of such high
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densities with gas calibration method is possible in such steep profile cases only. If we assume a

parabolic density profile, this method is applicable only up to 5 x 1 0 ^ m - 3 yne criteria of

applicability of this simple method of density determination is nBl < 4 x 1 0 ^ rn~2.

Edge density profiles for ECU plasma

A lower density but higher temperature plasma can be produced in CHS using ECH (53 GHz,

200 kW) heating alone. Time evolution of density profiles obtained from measured photon flux

profiles to which the method of beam calibration in gas was applied is shown in Fig.8, for such a

case with Rax= 0.9-49 m and B̂ = 0.9 T. FNLB data points taken at 6-4 ms agree quite well with

Thomson scattering ones at radial positions in the core plasma, obtained 63 ms into the discharge.

This result shows that FNLB diagnostics using method of beam calibration in gas can be used to

probe the core of the plasma produced in CHS when only ECH is applied and if its electron

temperature at probing radius is relatively low (Te< 15OeYfor r > 1.10 m). Since in the series

of discharges taken for density profile measurements <ng> < 6x lO 1 8 m~3, theShafranov shift is

negligible and the position of the LCFS is coincident with its value calculated in vacuum. Hence, the

radial position of LCFS is at 1.225 m, where ng= i x l O 1 8 m~3, at t= 60 ms. The density e-folding

length at LCFS is about 0.04 m for this well formed ECH plasma in CHS. The estimated reduction in

density due to beam attenuation effects for r8dius < r|_cps observed with present set-up, is about

1O-2O5S at maximum.

Change of edqe density profile by ICH pulse

When ICH (14 MHz, 200 kW) was applied to a relatively low density NBl heated plasma in

CHS, the edge density profile measured with FNLB evolved in time as shown in Fig.9. For this series

of discharges with R g ^ 0.911 m and Bt= 0.9 T, a plasma with <ne>= 2-3x1O i 9 m~3 was

obtained. After the NBl plasma was well formed (t= 88 ms), ICH was applied resulting in a strong

reduction of density outside the LCFS (finite J3), especially at the radial position of the ICH antenna

(R= 1.17 m). At the midpulse of ICH (t= 100 ms), the density at the edge had dropped from about

4x10 1 8 m~3 (<rig>= 2.2x1019 m"3) prior to ICH turn-on to about 1.5x10 i 8 m~3 (<ng>=

2.6xlO1 9 m"3) . Other diagnostics results, like Thomson scattering and spectroscopy, indicated

that the plasma shrank when ICH was applied to such a relatively low density plasma.

Limiter insertion experiment

To simulate the wall conditions of LHD (presently under construction at NIFS), an

experiment in which a metallic support (with 120 mm0 x 60 mm) was inserted into the CHS
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plasma was carried out. The discharge conditions in this case were R^= 94.9 cm, Bt= 0.9 T, and

th8 plasma was produced by ECH + NBI. The geometry of the limiter is shown in Fig. 10 and it was

inserted up to r= 113.0 cm (~ a/10). The obtained density profile is shown in Fig. 11(a) and (b),

where the limiter size and Its position with respect to the measured points are indicated in the

figure. To obtain the densities for the further internal points, the reconstruction method has to be

applied. Extracting the limiter and maintaining the discharge conditions, the density profile changed

to the ones shown in Fig. 12(a) and (b). The edge density practically doubled, resulting in a twice as

large a density gradient. Although not shown in the figure, the Thomson scattering results were in

agreement with FNLB data, for points where they overlapped.

Reheat experiment in CHS

Reheat is a phenomenon observed in CHS when gas puffing is suddenly turned-off during an

NBI injection, resulting In a significant Increase of Wp (plasma energy content^nT). In the

experiment to be described here, a case with smaller Reheat effect has been studied, due to its

better reproducibility. The time sequence for a discharge with Reheat is shown in Fig. 13. The time

evolution of density profile until the plasma reaches the maximum swell is shown in Fig. 14(a). The

Reheat starts at t= 100 ms (after the gas puff has been cut at 99 ms), and proceeds until 112 ms.

At the edge, as the result of Fig.14(b) shows, the plasma contracts quickly in radius during the

Reheat (about 1 cm). The behaviour of the average density for this discharge is shown in Fig. 15,

and the results of Te(r) and ng(r) obtained by Thomson scattering are shown in Fig.l6(a) and (b).

It can be seen that the density profile, starting from a hollow distribution in t= 95 ms, becomes

more parabolic when t= 120 ms, and the shrinking of the plasma during that period is of about 1

cm, in agreement with FNLB data. These edge parameter variations coupled to the behaviour of

neutrals seems to adequately explain the Reheat phenomenon in CHS.

Edoe density profile for Hioh J3 Plasma

High 13 plasmas were obtained in CHS with injection of NBI in a target plasma formed by ICH.

Changing the preionization from ECH to ICH wss necessary in order to use a low confinement field of

0.6 T. Density profile measurements with FNLB are shown in Fig. 17. Maximum swell of the plasma

occurs at t= 150 ms. The position of ^Qps (vacuum) is also indicated in the figure and a

disagreement of 2-3 cm can be seen between the radius r ^ p g (finite B) obtained theoretically and

tha experimentally obtained r^Qpg radius. Probably the plasma column, initially in contact with

the internal walls, moves to the outside when 13 increases, due to the Shafranov shift of the magnetic

axis. This opens the possibility of the formation of new layers of plasma with closed magnetic flux.

This could explain the excessive size of the obtained plasma compared to the one theoretically
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expected, for cases of small R^ with high plasma density.

Edoe Plasma density profile for different R^ (discharges with ECH + NBI)

In CHS, the magnetic axis R^ can be varied discretely between 88.8 cm and 101.6 cm,

discharge by discharge, or continuosly during a single discharge, using the preprogramed mode of

the vertical field. Since the detection system is fixed in a single position in our present set-up, the

observed region of the edge plasmas is different for each chosen R^. For small values of R^ (<92

cm), the observed edge region presents relatively low densities (< 1x101 3 cm"3 ) even for

discharges with NBI, and the beam attenuation is low. In this case, the method of calibration in gas

is suitable for the determination of density. For larger values of R^ (>92 cm), the observed edge

regions in discharges with NBI consist of plasmas with high densities (> 1 x 10 1 3 cm~3) and in this

case, the beam attenuation becomes dominant. Hence, the method of density reconstruction is

applied for profile determination. The density profiles for different R^, measured with FNLB

probe are plotted in Fig. 18. In the first approximation, good agreement is found between the radius

rLCFS t Y a c u u m ) obtained theoretically and the measured ones for R^ > 90 cm. But for the case

with R g ^ 88.8 cm, the measured plasma is again much larger than the one expected theoretically.

This can be explained easily if we assume that formation of new layers of plasma with closed field

lines occurs when an increase of B due to NBI Injection induces an expansion of the plasma loop due

to the Shafranov shift of the magnetic axis.

Dynamic shift of Rax in CHS by a preprogramed vertical field

In the CHS device, it Is possible to Impose a continuous dynamic shift to the magnetic axis RgX

during the discharge, from 101.6 cm to 88.8 cm, by a vertical field preprograming. This type of

operation opens the possibility of the study of dynamically changing MHD equilibrium for different

Rgx in a single discharge, which has revealed certain interesting aspects, not evident in discharges

with different R^. For the results presented next, the programed limits of R^ were: starting from

Rax= 94.9 cm, reach 89.9 cm. CHS was operated in the high 13 mode with Bt= 0.6 T and with NBI

injection.

The time sequence used in the high J3 discharge is shown in Fig. 19, together with a probing

beam signal which was obtained in a channel that observed emission region from a beam with small

attenuation, during the entire discharge. We recall that this signal Is quite different from cases

with fixed Rgx like from Fig.4(b), in which case the signal stays constant or increases slowly,

. 7 .



after the plasmo formation, Here, in a dynamically changing R^ case, the Li° signal after reaching

a maximum, drops quickly due to the fast motion of the plasma column toward the positions of small

radius. In Fig.20 we show a plot of time evolution of density profile at the edge when a dynamical

shift of Rgjç occurs. It can be clearly seen that the edge plasma is pushed inward, for about 7.5 cm,

during the discharge, It wil l be very interesting to quantify this dynamical equilibrium, taking into

account the variation of the vertical field and the plasma 8S well as NBI pressures.

We call the attention to another important fact shown by the graph of Fig.20, Starting from

R8X= 94.9 cm, in t= 50 ms, when the gradient of density at the edge is about 2.4x 1 0 ^ cm'^/cm,

a new edge profile is reached at t= 112.5 ms when the edge gradient is about 4.4x1 Q12 cm~5/cm.

This happens when R^ ~ 92.1 cm, and the steepening of the density holds for about 10-20 ms.

After this period, the gradient reduces to the Initial values. This result Indicates that there is a

privileged position of 9^ (92.1 cm in this case) for which there is a significant improvement of

the confinement in this type of high J3 pl8sma compared to plasmas with other R^ between 89.9 and

94.9 cm. It is possible that in CHS we can reach the second region of stability when the operation

with the dynamical shift of Rgx is used, due to an extremely rapid variation of the geometrical

parameters of the plasma.

H.5- CONCLUSIONS ON FNLB EXPERIMENTS IN CHS

Beam emission spectroscopy with fast neutral lithium beam (FNLB) with 4-11 keV was

developed to measure the edge plasma density profile in the low-aspect-ratio helical plasma device

CHS. A Li° beam with 8 keV and about 50 uA/cm^ equivalent intensity with a diameter of about 2

cm was obtained at the diagnostic point. The obtained spatial resolution of this monoenergetic beam

probe was about 1.2 cm and a penetration capability of 10-20 cm (in ECH, NBI plasmas) W8S

achieved, allowing effective probing of the CHS plasma edge. Using this Li° beam, plasmas produced

in discharges with ECH, ECH + NBI< ECH + NBI + ICH were probed, with 1 - 3 ms time resolution.

Phase sensitive detection method was used by modulating the Li° beam in 10 kHz while the detection

of 6708 A photons emitted by Li I was carried out using an interference filter and a

photomultiplier, the signal from which was fed to a Lock-in amplifier and processed via CAMAC +

VAX.

Profiles of edge density were obtained for the above mentioned discharges as well as for

limiter, Reheat, high B and different R^, both statically and dynamically changed discharges.

. 8 .



F ig. I - Schematic draw i ng of L i + sou rce.
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Fig.2- Li° source set-up in CHS.
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Fig.3- Set-up of beam emission spectroscopy with fast neutral lithium beam in CHS.
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Fig.4(a)- Photomultiplier signal from lithium beam during ECH + NBI + ICH discharge.
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Fig.4(b)- Timing sequence and output signal from Lock-in amplifier (phase sensitive

detection) for the above discharge, using CAMAC + YAX processing.
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EDGE DENSITY PROFILES FOR DIFFERENT

MAGNETIC AXIS IN CHS (NBI PLASMA)
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DYNAMIC MAGNETIC AXIS SHIFT EXPERIMENT
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Ill-SEMINARS & DISCUSSIONS

The author participated in various meetings and seminars at NIFS and also had discussion

sessions mainly with Prof. J.Fujita (NIFS), Dr. H.lguchi (NIFS), Prof. K.Kadota (Plasma Science

Center) and with Prof. K.McCormick (visiting professor from Max Planck Institute), on the subject

of Lithium Beam Probe in general and with Prof. K.Sato and Dr. S.Morita (from NIFS), on the

subject of Vacuum Ultraviolet Spectroscopy,

From April/91 to September/91 he participated in the spectroscopy weekly seminars with Dr.

T.Katoand Dr.K.Masai from NIFS and Nagoya University graduate students.

He also participated in the Torus Group weekly meetings, at NIFS, where he presented the

following talks:

1- Measurement of the Edge. Plasma Density in CHS with Fast Neutral Lithium Beam Probe.

M.UEDA, H.I6UCHI. i Oth Torus Group Meeting, July 29, 1991, NIFS.

2- Determination of CHS Edge Plasma Density using Fast Neutral I ithium Beam Probe with

Phase Sensitive Detection. M.UEDA, H.IQUCHI. 13th Torus Group Meeting. September 2, 1991, NIFS.

3- Effect of the Change of Magnetic Axis and Insertion of Limiter on the Edge Density in CHS.

M.UEDA, H.IGUCHI. 22nd Torus Group Meeting. November 11, 1991, NIFS.

4- Results from LiQ Beam Probe Diagnostics in CHS. M.UEDA, H.IGUCHI. 24th Torus Group

Meeting. December 2 ,1991 , NIFS.

5- Edge Density Profiles of ECH Plasmas with Different Elongations. M.UEDA, H.IGUCHI. 33th

Torus Group Meeting. February 10, 1992, NIFS.

He participated in the triannual meeting of specialists in Li° beam diagnostics, at NIFS where he

presented his results in a talk:

- Determination of CHS edge plasma density usjng fast neutral lithium beam probe. M.UEDA.

October 24, 1991, NIFS, Nagoya, Japan.

He attended the 7th Conference on Plasma and Nuclear Fusion, Nagoya University, Nagoya, Japan,

that took place on March 1991, as well as the Meeting on X-Ray Radiation from Hot-Dense Plasmas

andAtomic Processes, July 1-2, 1991, NIFS, without presenting papers.

He discussed with Mr.S.SASAKI (in the Graduate School of Nagoya University, Faculty of

Electrical Engineering and Electronics) about laser blow off results in HYBTOK-11 tokamak and CHS

fast lithium beam results, which resulted in acknowledgements in the paper:

-Laser Blow-off I ithium Beam Probing for Tokamak Edge Diagnostics on HYBTQK-II. S.SASAKI,

S.TAKAMURA, Y.UESUGI, Y.OHKOUCHI AND K.KADOTA. Proc. of IAEA TCM on Research using Small

Tokemaks, Hefei, Chine (IAEA 1991).

and coauthorship in another paper listed later.

IV- RFSEARCH TRIPS

The author carried out trips to Tsukuba University on October 2-4, 1991 to participate in the
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8th Conference on Plasma and Nuclear Fusion. In that occasion, he visited the Plasma Research

Center, Tsukuba University where is in operation the largest mirror machine in the world, the

GAMMA 10. On October 5,1992 he went to Mito city, then on October 7th to Energy Research

Laboratory, HITACHI Ltd, to give a lecture on:

-Determination of CHS Edge Plasma Density Using Fast Neutral Lithium Beam Probe. MARIO

UEDA, October 7 ,1991 . Energy Research Laboratory, HITACHI Ltd., Japan.

and visited the various laboratories there: the synchrotron, the Hitachi Tokamak HT-2, etc.

V- LIST OF PUBLICATION AND PRESENTATIONS IN CONFERENCES:

Here we included papers presented later than December 1991 because they were based on

results obtained during the JSPS-CNPq support period.

V. 1 - PRFSFNTATIONS IN CONFFRFNCFS-

1- Review of CHS Experiments. H.Arimoto, Afujisawe, M.Hosokawa, K.Ida, H.ldei, H.lguchi,

O.Kaneko, S.Kubo, R.Kumazawa, K.Matsuaka, S.Morita, T.Mutoh, K.Nishimura, N.Noda, S.Okamura,

T.Ozaki, A.Segara, S.Sakakibara, KSanuki, C.Takaheshi, Y.Tekeiri, Y.Takita, üüeda, Y.Yamada,

T.Watari. Presented by K.Matsuoka (CHS group lider). 8th International Stellarator Workshop, May

27-31199 I.Kharkov .USSR.

2- Fast I i Ream Prnhfifnr the Diaqnewtin^nf CHS Frige Plasma. M.Uftda, H.lguchi, K.McCormick,

J.Fujita and CHS group. Presented by M.Ueda. 8th Conference on Plasma and Nuclear Fusion, 2-4,

October 1991, Tsukuba University, Japan.

3- Edge Plasma Diagnostics by Means of Beam Probe Spectroscopy.J.Fujita, T.Ozaki, H.lguchi,

K.Kadota, K.Takiyama, MJJsJa, K.McCormick. Presented by J.Fujita. IAEA Technical Committee

Meeting on Research Using Small Tokamaks. Hefei & Huangshan, China, October 3-8 , 1991.

4- Ores the natural emission transition prnhahility nhangR in the plasma? K.Sato, K.Ono,

H.Tawara, T.Oda, K.Takiyama, HUeda, and M.Otsuka. Presented by K.Sato. 1992 NIFS Plasma

Spectroscopy Meeting on "Impurity Measurements in Magnetic Confinement Devices", NIFS, Nagoya,

Japan, January 21-22, 1992.

5- Effectsof Magnetic Axis Shift and Different Heating Schemes on the CHS Edge Plasma Density

Profile. M.Ueda, H.lguchi, K.Nishimura, S.Okamura, H.Yamada, S.Kubo, S.Sesaki, S.Takamura,

K.Matsuoka, J.Fujita and Torus Qroup. Presented by M.Ueda. 9th Plasma and Nuclear Fusion

Conference, Osaka University, Japsn. March 25-27,1992.
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6- ICRF heating experiment in CHS. K.Nishimura, R.Kumazawa, T.Mutoh, T.Seki, T.Watari,

F.Shinbo, T.Shoji, T.Kotani, S.Okamura, H.lguchi, H.ldei, H.Yamada, S.Morita, S.Kubo, MJJs&,

Y.Takita, C.Takahashi, H.Arimoto, K.Matsuoka and Torus Group. Presented by K.Nishimura. Ibid.

7- Experiment on induced niasma rotation bv discharge with electrode in CHS. H.Yameda,

S.Morits, K.lda, MUeria, H.lguchi, R.Kumazawa, H.Sanuki, S.Okamura, S.Sakakibara, A.Sagara,

K.Nishimura, I.Yam8d8, K.Matsuoka and Torus Group. Presented by H.Y8mada. Ibid.

8- Experiment in CHS with different NBI injection angle. S.Okamura, O.Kaneko, H.lguchi,

H.Yamada, K.Matsuoka, K.Nishimura, S.Morita, Hiieda, S.Kubo, H.ldei, Y.Takita, C.Takahashi,

KArimoto, I.Yamada, S.Sakakibara and Torus 6roup/NBI Group. Presented by S.Okamura. Annual

Meeting of Physical Society of Japan, Keio University, Tokio, Japan. March 27-30,1992.

9- Measurement of the Frfe Plasma Density in CHS hy Fast Neutral Lithium Ream Prnhing.

HUsJa, H.lguchi, S.Sasaki, J.Fujita and CHS group. Presented by M.Ueda, 10th international

Conference on Plasma Surface Interactions In Controlled Fusion Devices, Monterey, California, USA.

March 30-Apr i l 3, 1992.

10- An Analytical ErP?l'Q1 Model for DivertQr Plate? and Limiter Experiments in CHS. A.Sagara,

N.Noda, R.Akiyama, KArimoto, H.ldei, H.lguchi, O.Kaneko, T.Kohmoto, S.Kubo, N.Matsunami,

K.Matsuoka,S.Morita, O.Motojima, K.Nishimura,S.Okamura, J.Rice, T.Shoji, C.Takahashi, Y.Takita,

M.Uerta, H.Yamada and I.Yamada. Presented by A.Sagara. Ibid.

V.2- PUBUSHFD PROCEEDING

1- Review of CHS Experiments. H.Arimoto, A.Fujisawa, M.Hosokawa, K.Ida, H.ldei, H.lguchi,

O.Kaneko, S.Kubo, R.Kumazawa, K.Matsuoka, S.Morita, T.Mutoh, K.Nishimura, N.Noda, S.Okamura,

T.Ozaki, A.Sagara, S.Sakakibars, H.Sanuki, C.Takahashi, Y.Takeiri, Y.Takita, MJJeiJa, Y.Yamada,

T.Watari. Proceedings of VIII Stellarator Workshop, July 1991, pg 471-479, IAEA, Vienna,

Austria.

2- Edge Plasma Diagnostics by Means of Beam Probe Spectroscopy.J.Fujita, T.Ozaki, H.lguchi,

K.Kadota, K.Takiyama, M.Ueda, K.McCormick. Apresentado por J.Fujita. IAEA Technical Committee

Meeting on Research Using Small Tokamaks. Hefei & Huangshan, China, October 199! (accepted for

publication).

V.3- PAPERS PUBLISHED IN JOURNALS:

1- Measurement of the Edge Plasma Density in CHS by Fast Neutral Lithium Beam Probing.

.30 .



., H.lguchi, S.Sasaki, J.Fujita and CHS group. April 1992. (accepted for publication in

Journal of Nuclear Materials).

2- An Analytical Erosion Model for Divertor Pistes and Limiter Experiments in CHS. A.Sagara,

N.Noda, R.Akiyama, HArimoto, H.ldei, H.lguchi, O.Kaneko, T.Kohmoto, S.Kubo, N.Matsunami,

K.Matsuoka, S.Morita.O.Motojima, K.Nishimura, S.Okamura, J.Rice, T.Shoji, C.Takahashi, Y.Takita,

ÜJJÊ&, H.Yamada and I.Yamada. April 1992. (accepted for publication in Journal of Nuclear

Materials).

V.4- SUBMITTFD PAPERS:

1- Observation of a change in Intensity Branching Ratios from Highly Excited Levels of Hel in

Low-Density Plasmas. K.Sato, K.Ono, H.Tawara, T.Oda, K.Takiyama, JMJJejjgand M.Otsuka. Submitted

to Physical Review Letters, November 1991.

2- Edge Plasma Density-Reconstruction for Fast Monoenergetic Lithium Beam Probipg. S.Sasaki,

S.Takamura, MJjejft, H.lguchi, J.Fujita, K.Kadota. Submitted to Review of Scientific Instruments,

April 1992.

V.5- PAPERS SUBMITTED TQ CONFERENCES:

1- ECH Ppwqr Deposition Control in CHS- S.Kubo, H.ldei, M.Hosokawa, Y.Takita, H.lguchi,

I.Yamada, MJjejla, K.Ida, S.Morita, S.Okamura, H.Yamada, K.Nishimura, K.Matsuoka, KArimoto,

N.Noda, A.Sagara, H.Sanuki, C.Takahashi, J.Todoroki, K.Toi. 1992 International Conference on

Plasma Physics, Insbruck, Austria, 29 June- 3 July 1992.

2- Density Prnfite and Particle Transport of NBI-Heated Plasmas in the Low-Aspect-Ratio

Heliotron/Torsatrnn CHS. H.lguchi, K.Ida, S.Morita, ÍUJala, H.Yamada, S.Okamura, K.Matsuoka,

R.Akiyama, H.Arimoto, M.Hosokawa, H.ldei, O.Kaneko, T.Kohmoto, S.Kubo, K.Nishimura, N.Noda,

T.Ozaki, A.Sagara, S.Sakakibara, H.Sanuki, Y.Takeiri, Y.Takita, C.Takahashi, I.Yamada, K.Uchino,

H.Takenaga, K.Muraoka, M.Maeda. Ibid.

3- MHD and Confinement Characteristics in the High-B Regime on the CHS Low-Aspect-Ratio

Hellotron/Torsatron. H.Yamada, R.Ak1yama, H.Arimoto, M.Fujiwara, K.Hanatani, S.P.Hirshman,

H.Hosokawa, K.Ida, H.ldei,K.lchiguchi, H.lguchi,O.Kaneko,T.Kohmoto,S.Kubo,D.K.Lee, K.Matsuoka,

S.Morita,O.Motojima, K.Nishimura, N.Noda, S.Okamura, T.O2aki,A.Sagara, S.Sakakibara, H.Sanuki,

T.Shoji, C.Takahashi, Y.Takeiri, Y.Takita, S.Tanahashi, J.Todoroki, K.Toi, Mjjsla, I.Yamada. 14th

IAEA International Conference on Plasma Physics and Controlled Nuclear Fusion Research,

Wurzburg, Germany, 30 September- 7 October 1992.
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4- Confinement Stud/ of High Energy Ions using Neutral Beams with Variable Injection Angle

and ICRF Heating Experiments in CHS. S.Okamura, K.Hanatani, K.NIshimura, R.Akiyama, T.Amano,

KArimoto, M.Fujiwara, M.Hosokawa, K.Ida, H.ldei, H.lguchi, LKamimura, O.Kaneko, T.Kohmoto,

T.Kotani, S.Kubo, R.Kumazawa. K.Matsuoka, S.liorita, O.tiotojima, T.Mutoh, N.Nakajima, N.Noda,

M.Okamoto, T.Ozaki, A.Sagara, S.Sakakibara, H.Sanuki, T.Seki, T.Shoji, F.Shinpo, C.Takahoshi,

Y.Tekeiri, Y.Takita, S.Tanah8shi, J.Todoroki, K.Toi, MJJsda, T.Watanabe, T.Watari, H.Y8mada,

I.Yamada. Ibid.

5- A Role of Neutrgl Hydrogen in CHS Plasmas with Reheat and Collapse and J1PP T-HU Tokqm,ak

. S.Morita, H.lguchi, O.Kaneko, T.Ozakf, JUJsk. H.Yamada, K.Adati, R.Akiyama, H.Ar1moto,

M.Fujiwara, H.Ham8da, K.ida, H.ldei, K.Kawahata, T.Kohmoto, S.Kubo, R.Kumazawa, K.!i8tsuoka,

T.Morisaki, N.Nishimura, S.Okamura, M.Sakurai, S.Sakakibara, A.Sagara, C.Takeheshi, Y.Takeiri,

H.Takenaga, Y.Takita, K.Toi, K.Tsumori, K.Uchino, I.Yamada, T.Watari. Ibid.

V.6-0IHEBS

The author also participated, through CHS group, in the letters to Stellarator News, bimonthly

published by ORNL.

1 - ICRF Heating Experiments in CHS.

Shoichi Okamura for the CHS group. Issue •* 15, pg. 2, May 1991. Published by Fusion Energy

Division, Oak Ridge National Laboratory, Oak Ridge, TN, USA, Editor: James A. Rome.

2-Status of CHS.

Harukazu Iguchi for CHS group. Issue* 16, pg 2 -3 , July 1991. Ibid.

3- ICRF Heating Experiments in CHS.

Kiyohiko Nishimura for the CHS group. Issue #17 , pg 2 -3 , September 1991. Ibid.

4-News frnm CHS.

Keisuke Matsuoka for the CHS group. lssue#18,pg 5, November 1991. Ibid.

5- Experiments in CHS.

Shoichi Okamura for CHS group. Issue-* 19, pg 3-4, January 1992. Ibid.

6- Diagnostics Improvements for Transport Study in CHS.

Harukazu Iguchi for CHS group. Issue # 2 0 , March 1992. Ibid.
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He also presented the following lectures to the general public:

1 -Personal point of view about brazilian nikkeis working in Japan. To the comission of Human

Rights of Toyota and to the Representatives of Department of Justice of Nagoya, at Toyota City Hall,

Toyota, Japan, May 22, 1991.

2 - Brazilian nikkei workers in Japan. To the Toyota City Hall public officials with section chief

deputy position. At Toyota Center of Commerce and Culture, Toyota, Jap8n, July 26,1991.

VI-COMMFNTSAND SUGGESTIONS

The JSPS-CNpq fellowship consists of round trip ticket for the research scientist, 10 months

living expenses of U$ 1200 and up to U$ 500 for housing per month. About U$ 950 of additional

allowance is also given, for insurance, research trips and research expences. This is sufficient to

support a single scientist, but not a scientist with family as myself (wife and 3 kids). Since it is

difficult to leave the family anattended at home country for 10 months, the JSPS-CNPq awarded

scientist must bring his family to Japan with such an extremely expensive cost of living. I suggest

that JSPS considers a more adequate fellowship for scientist with family (at least over U$ 2000/

month).

Concerning the round trip ticket (I am protesting the CNPq with this respect), I had to buy

another ticket by myself because I had to attend an international conference at the USA and the

validity of the ticket given by CNPq expired 1 month and 10 days before that conference. Therefore I

suggest that in the future, they give separate tickets for coming and going home. In fact, I spent

additional 3 months after the expiration of JSPS-CNPq fellowship, in order to. complete the

experiments, data analysis and preparations for the conferences.

JSPS-CNPq should open less complicated ways to renew the fellowship because on the

experiment as mine, more than 10 months are required to complete satisfactorily the program. As

can be seen from the achievements reported here, I feel that my scientific visit deserved such an

extension (In fact I even tried the JSPS fellowship but it wee not approved).

Despite all these protests and my debts contracted in Japan, I feel that my scientific training at

NIFS was highly rewarding and would like to thank JSPS-CNPq for the support in Japan.

Finally, included you wil l find the drafts of all the proceedings of the papers presented in
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