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Abstract

Stability against the interchange mode in the Torsatron/
Heliotron device is investigated, taking into account the effects
of the resistivity, current diffusivity, lom viscosity and
thermal diffusivity. Critical beta for the low-mode-number
stability is found at the finite beta value. For the range of
plaspa parameters of the present experiments, the resistive mode
and current diffusive mode set comparable critical beta values,
which are consistent with experimental observations. In future
high temperature plasmas, the current diffusive mode determines

the stability 1limit for the global nmode.
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1. Introduction

The stability of the interchange node !’ has been thought to
determine the beta limit in stellarators with the finite shear
and magnetic hill such as Torsatron/Heliotron devices2 47 (beta
value: ratio of the plasma pressure to the magnetic pressure).
Recent progress in computational methods has made it possible to
find a configurations which is stable against the pure MHD mode
at moderately high beta (m5%)5'7). On the other hand, it has
also been well known that the interchange mode can be destabi-
lized by the finite value of resistivity, %, for the parameters
in which the pure MHD mode is stabieS). As a result of this, the
instability persists up to the zero-beta value (the growth rate Tt
scales such that 7 « 32/3n1/3). Finite value of the growth rate
continues from the MHD unstable region to the zero beta limit?-
11). This nature casts uncertainty in defining the beta limit of
Torsatron/ Heliotron devices.

One way to establish the beta limit is to search the
criterion of beta value for the occurrence of the crash phenomena.
The sawtooth oscillation is known to appear when plasma pressure
increasele), and Wakatani et al. has made 2 model based on the
nonlinear development of the resistive interchange model3). It
was also found in experiments, however, that the helical deforma-
tion appears above a threshold beta value, without developing
into the sawtooth crash14’l5). This observation suggests that
there is a stability boundary, which does not necessarily mean

the magnetic collapse, at finite beta value 1n real plasmas.

Although the importance of the resistivity in exciting



the mode has been recognized, a little efforts have beem paid to
study the effectis of other transport coefficients such as thermal
diffusivity, 2, viscosity, v, and especially, the current diffus-
ivity, A. The effects of x and v were studied in Ref. [9], but
the impact on the beta limit was not discussed 1n detail. In
addition to it, the important role of the current diffusivity has

recently been recognizele’IT).

In this article we study the
stability of the interchange mode in a cyliandrical model by
analytical method, taking intc account the effectis of the resis-
tivity, thermal conductivity, ion viscosity and current diffusi-
vity. The effects of z and » on the interchange mode is strong
enough so that the critical beta for the low-mode-number
stability is found at the finite beta value. For the range of
plasma parameters of the present experiments, the resistive mode
and current diffusive mode set comparable critical beta values,
which are consistent with experimental observations. The beta
limit is determined by the transport coefficients. It increases
with the increment of 2 or v, and reduces by the enhancement of %

and A. In future high temperature plasmas, the beta linmit is

determined by the current diffusive interchange mode.

2. ¥Hodel

Fe use a model eguation based on the reduced set of

18)

equations for stellarators The cylindrical geometry is

employed in order to look for the anmalytical insight. We also



consider the case of zero equilibrium current. The model
equations consist of the Ohm’'s law, equation of motion and

the enmergy balance eguation, asll)

ak/at = -V,u + Wi -3VCS, (1)
aViu/at = -V, i + (Bn/2)e 2 o lapsan + wvtu (2)
1 ! 0 L
_ -1 =2
ap/at = Peq p ‘au/ag + X‘V_’Lp, (3>

where j is the normalized current j=]/£BO/p0a]. u is the normal-
ized streanm fumction u=57[a2R/rAp}, p is the normalized pressure p-=
57[50 B02/2p0] (the symbol tilde indicates the mode of our

interest), and the operator V” is defined as

V// = {a/ar-1a/av).

Length is normalized to the minor radius of the plasma column, a,.

ED) are used for the rotational transform,

Convertional notations
Y, the inverse aspect ratio &, and the effective curvature of the
vacuur magnetic field line Q. By 1s the beta value at the axis,
R is the major radius, By is the strength of equilibrium magnetic
field, and Peg is the shape form of the equilibrium pressure
profile, peq(0)=1 and peq(1)=0. Q and peq’ are defined as di/dp
and dpeq/dp, respectively. We study the electrostatic limit in

the following. The transport coefficient %, %, v and A are

normalized as



X = xrAp/az, (4-1)
7 = g, ugal, (4-2)
v = urAp/aZ. (4-3)
2 =AtAp/u0a4. (4-4)

and the time is normalized to the poloidal Alfven time Thp
Tpyp = R/mgmin; /By, (5)

where nj is the icn density and m; is Lhe ion mass,
Fe solve the eigen value equation by the Fourier transform.
¥e change the variable fron X=p-py to k (pl being the mode

rational surface) as
u = exp{rt+ime-inz] (u(k)exp(ikx)dk : (6>

where m and n are poloidal and toroidal mode numbers, respective-
ly. Eliminating j and p, we have the eigenvalue equation im the k

space as

1 @ 1 a D
-— —u t
2 =371, w12
L2 ak vuk_L ak T+ka

2. =4 _
u - (TKL+ukl)u =g, - (1)



2 _ 2 2 _
where kl = kg° + k%, ke‘m/Pl’

1/L = kgs. (8-1)

D = Dykg? - (8-2)
okg

Dy = -8 Q'peq'/2ez, (8-3)

5 denotes the shear parameter s=p11’(pl), and DO denotes the driving

by the pressure gradient.

We obtain the eigen value by the WKB method. Introducing

new coefficieats A and & as

7+ ;kBZ (9-1)

=
0

A/ A (9-2)

=}
[]

and new variable y as
dy/dk = 1 + ¢k&2, (10)

the ¥KB solution for the most unstable mode satisfy the

eigenvalue equation

i ¥
- [ € 4y 0, (11)
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and

A D
Q=L - { LIS (12)
(T+ek®) * (rixk])

Qly.) = 0.

3. Growth Rate of the MNode

The approximate form of the erowth raie of the mode is

studied in the large growth rate limii, 1.e.,
T2 T2
T > kg, vk (13D

In this limit, Eg. (11} reduces to

4 Yo 1 D 5
— = LJKE dy 2{——-- TKL}. (14)
4 0 1+6k T

The turning point Ye is given by Lhe reclation
ki,= vD/r. {15)

Two limiting case is obtained analytically. . ¥hen the

current diffusivity is negligibly small, i.e.,



6 <<T2/D, (16)

the dispersion relation (14) gives the growth rate of the
resistive instability. WNeglecting ¢ in the integrand of Egq.(14).

we have the dispersion relation
LYA/T[D/7 - Tkez] = 1. (17)
Explicit form of 7 is given in limiting cases as
- p2/31,2/3,1/3 for Dokyt << st (18)
and
T = /D/kg for Dokgt 5> st (19)

This recovers the well known results for the resistive inter-
change mode3). The large kg limit, (19), is independent of the
resistivity and is known as the fastl interchange modelg).
Stabilizing effects of the thermal conductivity and
viscosity are also estimated by linear perturbation. Taking the

first order correction with respect t{o x and v, the dispersion

relation for the low ke mode can be writien as
L/RDT 3/2(1-px/2v8-3Du/873) = 1. (20)

The first order correction to T 1s given as



T = v (1-(x/3+p/OL 72 7, (21)

where Ty is given by Eq.(18). Equation (21) implies that both x
and v play a role to reduce the growth rate of the resistive
interchange mode, The similar argument is possible for the fast

interchange mode as

(kg vk %)
e - : (22)

where T is given by Eq. (19).

The current diffusivity can also drive the instability.

Taking the other iimit,
s >> T4/D, (23)
the dispersion relation is approximated as
L/3p3/2¢7°5/2 - 3n/4. (24)

This relation yields the growth rate of the current-diffusivity

driven mode as

T = (4732 8572 BR/5y /5y 375 (25)



As is the case of the resistive mode, when mode number is high
and the relation D>T2k92 is violated, then the growth rate
reduces to Eq.(18). The growth rate of {he mode which is driven
by the current diffusivity is proporticnal to B3/5ke4/5 for the
small 8 and/or ké limit. Higher-m modes have larger growth rate,
The power index to X in Eq.{25) is 1/5 and Lhe growth rate weakly
depends on x.

The condition for the transition from the resistive mode to

the current-diffusivity driven mode is approximately given as
335 poky Ps AR, (26)

For the parameters of Dy, s, kg « 0(1), the current-diffusivity
is the dominant source of the instability for % »7°/3,

We can also derive the corrections due to the small thermal
conductivity and viscosity. ZKeeping Lhe first order corrections

with respect to X and v, Eq.(24) is modified as

n DX  4uD
/8 s — /3 — - —) (27)
3r T 5r
The growth rate is written as
2D 4
T = T, - ( X +—7), (28)
0 574° 5

where LI 1s the growth rate in the absence of the thermal

10



conductivity and viscosity, and is given as Eq.(25).

4. Stability Criterion

The stability criterion is obiained from the dispersion

relation Eq.{11) by setting 7=0. We have

L3 Yo 1 D
—=- L/A| “dy — - vk} (29)
4 0 1+ek? [Tk?

for the stability boundary.
The beta limit of the resistive mode is obtained by taking

the zero-¢ limit of Eq. (29) as

n _ (ke D 1 Ty
— = LYyA g dk | — = 5 ——k4 ; (ag
k

The leading term of the integral is the logalythmic tera as

k14 L JAD 64D
—_—= — :->£n(—:j——€). (313
4 641 1vky

This result is equivalent to the one in Ref.[9]. By successive
substitution, the approximate formula of the beta limit is given

by the relation as

11



3ms\2 X sy ? 1 iﬁkes -2
Dy > De = (————) -— ln{kﬂ—J — } 28n]an{ } (32)
2 A 2 FAke 64

It is noted that the right hand side is an weakly increasing
function of kg, Higher m mode is more easily stabilized by the
viscosity and thermal conductivity. As the beta value increases,
the m=1 mode first appears i{ the other paramcters are unchanged.
In the vicinity of this stability criterion (DkC2>|T[), the

dispersion relation, Eq.(31), is approximately given as

7 LD 64D12
4 6y u(xke +71)

The growth rate is given as

1k 2. (32)

g4pz2 \l/3 7
T = ( expl- —
v 2LV/A

The condition 7=0 reduces to Eq.(3!). The Taylor expansion
around the critical beta value B the growth rate behaves as 7 «
(B-8g).

In the other limit, i.e., for the current diffusive mode,

6k02>>1, the dispersion relation with v=0 gives

(35)




This relation gives the critical value, DC, for DU as

c (36)

where C is a numerical constant

C ={— dky/1-k
r 40

and is close to 1.26. The result indicates that the critical
beta value for the stability increases with thermal diffusivity
and ion viscosity, while it decreases as the current diffusivity
is enhanced.

In order to find a beta limit, it is needed to compare
Eqs. (82) and (36). First, we apply Eq.(32) to a straight
Heliotron E configurationll) with e=0.1, £=0.51+1.69#%, and
dn/de= 0.1p2d(zp%)/dp. We here use the numbers T~l0 2, T=2x10 7
and 5¥10'6, which may be consistent with recent experiments. In
this case, D, in Eq.(82) for the m=1/n={ node is evaluated to be

about 0.5, When we assume the pressure profile of p
p2)2,

eq(P)= Bo(l-
this value corresponds to BOcm2%, which 1s 1n the same
order as the one observed experimentally. It is also noted that
the order of magnitude estimate of Eq. (32) gives

D, = /M or rr/rE - (37)

where T, and Tp are the resistive diffusion time and the energy

13



confinement time. The right hand side strongly increases with the
electron temperature. In future high temperature plasmas, the
global resistive interchange mode is more stable.

The relation between the gquantities ¥, A and ¥ depends on
the nature of-thé anomalous {ransport. fior instance, for the
case where the anomalous transport is driven by the magnetic

braiding (which is often expected in the helical devices), we

havel )

v/x = /o /o (38)
and

3T - (sg/pya)? (39)

where me is the electron mass, and b is the collisionless skin
depth. The ratio ;/;'is about 104 for the present experimental

devices. Using these estimations, we have

D, = 2x10233/2(rAp/fEke)1/2 (40)

Taking the example of TE/rAp n 3x104, which 1s a typical value
for present experiments, we have the order of magnitude estimate

for the stability beta limit

3/2
D, =~ s3/2/ /i, (41)

14



Although the numerical coefficient of the order of unity may not
be correct in the right hand side of Eq.(41), the beta limit for
the global mode derived from Eq.(41) is wilhin the range of
experimental observations. Therefore, the beta limit determined
by the current diffusive mode is comparable with the one by the
resistive interchange mode for the preseni experimental plasma

parameters,

5. Summary and Discussions

In this article, we investigated analytically the stability
of the interchange mode in Torsatron/Heliotron devices in the
presence of the thermal diffusivity, ion viscosity, current
diffusivity and resistivity, The stability boundary was found at
finite beta value. This result gives the basis for determining
the beta limit in helical devices with magnetic hill and shear.

The stability bourndary is investigated for the resistive
mode and current-diffusivity driven pode. ¥e found that, for
the parameters of the present experiments, the resistive mode and
current diffusive mode give similar critical beta value for the
stability. The obtained critical beta value seems within the
range of experimental observationrs., For future high temperature
plasmas, the current diffusive mode will play more important role
in determining the beta limit. The precise determination
enploying the computational code will be reported in a separate

article.

15



The result indicates the important influence of the trans-
port coefficient on the beta limit. The beta limit should be
studied by taking into account the proper model of the plasma
transport coefficients. It has been pointed out recently that
the enhanced transport coefficient can cause the catastrophic
phenomena in the dynamics of the global modeslT). The applica-
tion of such analysis on the finite beta vlasma in helical de-
vices deserves further study.

Higher m mode is more easily stabilized for the resistive
interchange mode. Such a high m-modes are often studied in
conmection with the anomalous transport in helical devices®: 20
21). The present analysis indicates that the current diffusive
mode, the threshold beta value of which decreases as the mode

number increases, would be more plausible candidate for the

anopalous transport. This study is left for future research.

Acknowledgements

Authors wish to acknowledge useful! discussions with Drs. A4.
Fukuyama, M. Azumi H. Sugama, 4. Wakatan: and H. Zushi. This
work is partly supported by the Grani-in-Aid for Scientific

Research of Ministry of Education, Japan.



References

[1] M. N. Rosenbluth and C. L. Longmire: Arn. Phys. (1957) 1120,

[2] €. Gouldon, et al.: Plasma Physics and Controlled Nuclear
Fusion Research (TAEA, Vienna, 1968) Vol.1, p847.

[3] A. Mohri: J. Phys. Soc. Jpn. 28 (1970) 1549, A. M¥chri and K.
Azumi: J. Phys. Soc. Jpn. 29 (1870) {580.

[4] X. Uo: Plasma Physics 13 (1971) 243.

(5] J. F. Lyon, et al,: Fusion Technology 10 (1986) 179,

(6] J. Todoroki, T. Kamimura, H. Sanuki, T. Amano, T. Hayashi,
et al.: Plasma Physics and Controlled Nuclear Fusion
Research 1988 (IAEA, Vienna, 1989) Vol.2, 637.

{71 Y, Nakamura, K. Ichiguchi, ¥. Wakatani, J. L. Johnson: J.
Phys. Soc. Jpn. 58 (1889) 3157,

{81 H. P. Furth, J. Killeen, M. N. Rosenbluth: Phys. Fluids 6
(1963) 459,

[8] B. Carreras, L. Garcia, P. H. Diamond: Phys. Fluids 30
(1987) 1388.

[10] K. Ichiguchi, Y. Nakamura, M. Wakatani, N. Yanagi, 8.
Morimoto: Nucl. Fusion 29 (1989) 2093.

{117 X. Tchiguchi, Y. Nakamura, M. Wakatani: Nucl. Fusion 29
(1991) 2073.

[12] J. H. Harris, et al.: Phys. Rev. Lett. 53 (1984) 2242,

[13] M. VWakatani, H. Shirai, M. Yamagiwa: Nucl. Fusion 24 (1984)
1407,

[141 S. VMorimoto, et al.: Jpn. J. Appl. Phys. 28 (1889) L1470.

{151 J. H. Harris, et al.: Phys. Kev. Lett. 63 (1989) 1249.



[161 A. Y. Aydemir: Phys. Fluids B2 (!990C) 2135,

171

A. J. Lichtenberg, K. Itoh, S.-1. Iteoh, A. Fukuyama: ’The
role of stochasticity in sawtoolh oscillaticns’ Research
Report NIFS-103 (National Inst. Fusion Science, 1801),
submitted to Nucl. Fusion.

H. Strauss: Plasma Phys. 22 (1980) 733.

J. Greene, J, L. Johnson: Phys. Fluids 4 (1961) 875.

K. C. Skaing, B. A. Carreras: Phys. Fluids28 (1985) 2027.

H. Sugama, N. Nakajima, M. Wakatani: "Nonlinear Behaviour of
Hulti-Helicity Resistive Interchange Modes near Marginally
Stable States’ Research Report NIFS-89 (National Institute

for Fusion Science, 19%1) to be published in Phys. Fluids.

18



NIFS-73

NIFS-74

NIFS-75

NIFS-76

NIFS-77

NIFS-78

NIFS-79

NIFS-80

NIFS-81

NIFS-82

NIFS-83

NIFS-84

NIFS-85

NiFS-86

Recent Issues of NIFS Series

Y .Nomura, Yoshi.H.lchikawa and W.Horton, Stabilities of Regular
Motion in the Relativistic Standard Map; Feb. 1991

T.Yamagishi, Electrostatic Drift Mode in Toroidal Plasma with
Minority Energetic Particles, Feb. 1991

T.Yamagishi, Effect of Energetic Particle Distribution on Bounce
Resonance Excitation of the Ideal Ballooning Mode, Feb. 1991

T.Hayashi, A.Tadei, N.Ohyabu and T.Sato, Suppression of Magnetic
Surface Breading by Simple Extra Coils in Finite Beta Equilibrium
of Helical System; Feb. 1891

N. Ohyabu, High Temperature Divertor Plasma Operation; Feb.
1891

K.Kusano, T. Tamano and T. Sato, Simulation Study of Toroidal
Phase-Locking Mechanism in Reversed-Field Pinch Plasma; Feb.
194l

K. Nagasaki, K. Itoh and S. -I. Itoh, Model of Divertor Biasing and
Control of Scrape-off Layer and Divertor Plasmas; Feb. 1881

K. Nagasaki and K. ltoh, Decay Process of a Magnetic Island by
Forced Reconnection; Mar. 1991

K. Takahata, N. Yanagi, T. Mito, J. Yamamoto, O.Motojima and
LHDDesign Group, K. Nakamoto, S. Mizukami, K. Kitamura, Y. Wachi,
H. Shinohara, K. Yamamoto, M. Shibui, T. Uchida and K. Nakayama,
Design and Fabrication of Forced-Flow Coils as R&D Program for
Large Helical Device; Mar. 1981

T. Aoki and T. Yabe, Multi-dimensional Cubic Interpolation for ICF
Hydrodynamics Simulation; Apr. 1991

K. Ida, S.-i. Itoh, K. ltoh, S. Hidekuma, Y. Miura, H. Kawashima, M.
Mori, T. Matsuda, N. Suzuki, H. Tamai, T.Yamauchi and JFT-2M
Group, Density Peaking in the JFT-2M Tokamak Plasma with
Counter Neutral Beam Injection ; May 1991

A. liyoshi, Development of the Stellarator/Heliotron Research; May
1981

Y. Okabe, M. Sasao, H. Yamaoka, M. Wada and J. Fujita, Dependence

of Au~ Production upon the Target Work Function in a Plasma-
Sputter-Type Negative Ion Source; May 1991

N. Nakajima and M. Okamoto, Geometrical Effects of the Magnetic
Field on the Neoclassical Flow, Current and Rotation in General
Toroidal Systems; May 1991



NIFS-87

NIFS-88

NIFS-89 -

NIFS-90

NIFS-91

NIFS-92

NIFS-¢3

NIFS-g4

NIFS-35

NIFS-96

NIFS-87

NIFS-98

NiFS-98

NiFS-100

NIFS-101

S. -1 Itoh, K. ltoh, A. Fukuyama, Y. Miura and JFT-2M Group,
ELMy-H mode as Limit Cycle and Chaotic Oscillations in Tokamak
Plasmas; May 1391

N.Matsunami and K.Kitoh, High Resolution Spectroscopy of Ht
Energy Loss in Thin Carbon Film,; May 1991

H. Sugama, N. Nakajima and M.Wakatani, Nonlinear Behavior of
Multiple-Helicity Resistive Interchange Modes near Marginally
Stable States; May 1991

H. Hojo and T.Hatori, Radial Transport Induced by Rotating RF
Fields and Breakdown of Intrinsic Ambipolarity in a Magnetic
Mirror; May 1991

M. Tanaka, S. Murakami, H. Takamaru and T.Sato, Macroscale
Implicit, Electromagnetic Particle Simulation of Inhomogeneous
and Magnetized Plasmas in Multi-Dimensions; May 1991

S. - I. ltoh, H-mode Physics, -Experimental Observations and
Madel Theories-, Lecture Notes, Spring College on Plasma Physics,
May 27 - June 21 1991 at International Centre for Theoretical
Physics ( IAEA UNESCO ) Trieste, Italy ; Jun. 1991

Y. Miura, K. ltoh, S. - |. ltch, T. Takizuka, H. Tamai, T. Matsuda,

N. Suzuki, M. Mori, H. Maeda and O. Kardaun, Geometric
Dependence of the Scaling Law on the Energy Confinement Time in
H-mode Discharges; Jun. 1991

H. Sanuki, K. ltoh, K. Ida and S. - §. ltoh, On Radial Electric Field
Structure in CHS Torsatron [ Heliotron; Jun. 1991

K. loh, H. Sanuki and S. - I. ltoh, Influence of Fast Ion Loss on
Radial Electric Field in Wendelstein VII-A Stellarator; Jun. 1991

8. - L. ltoh, K. ltoh, A. Fukuyama, ELMy-H mode as Limit Cycle and
Chaotic Oscillations in Tokamak Plasmas; Jun. 1991

K. ltoh, S. - L. ltoh, H. Sanuki, A. Fukuyama, An H-mode-Like
Bifurcation in Core Plasma of Stellarators; Jun. 193

H. Hojo, T. Watanabe, M. Inutake, M. Ichimura and S. Miyoshi, Axial
Pressure Profile Effects on Flute Interchange Stability in the
Tandem Mirror GAMMA 10; Jun. 1991

A. Usadi, A. Kageyama, K. Watanabe and T. Sato, A Global Simulation
of the Magnetosphere with a Long Tail : Southward and Northward
IMF; Jun. 1891

H. Hojo, T. Ogawa and M. Kono, Fluid Description of Ponderomotive
Force Compatible with the Kinetic One in a Warm Plasma ; July
1991

H. Momota, A. Ishida, Y. Kohzaki, G. H. Miley, S. Ohi, M. Ohnishi
K. Yoshikawa, K. Sato, L. C. Steinhauer, Y. Tomita and M. Tuszewski



NIFS-102

NIFS-103

NIFS-104

NIFS-105

NIFS-106

NIFS-107

NiFS-108

NiFS-109

NIFS-110

NIFS-111

NIFS-112

NIFS-113

NiFS-114

NIFS-115

NIFS-116

Conceptual Design of D-3He FRC Reactor "ARTEMIS” ; July
1891

N. Nakajima and M. Okamoto, Rotarions of Bulk Ions and Impurities
in Non-Axisymmetric Toroidal Systems ; July 1981

A. J. Lichtenberg, K. toh, S. - I. ltoh and A. Fukuyama, The Role of
Stochasticity in Sawtooth QOscillation ; Aug. 1991

K. Yamazaki and T. Amano, Plasma Transport Simulation Modeling
for Helical Confinement Systems; Aug. 1991

T. Sato, T. Hayashi, K. Watanabe, R. Horiuchi, M. Tanaka, N. Sawairi
and K. Kusano, Role of Compressibility on Driven Magnetic
Reconnection ; Aug. 1991

Qian Wen - Jia, Duan Yun - Bo, Wang Rong - Long and H. Narumi,
Electron Impact Excitation of Positive lons - Partial Wave
Approach in Coulomb - Eikonal Approximation ; Sep. 1991

S. Murakami and T. Saio, Macroscale Particle Simulation of
Externaily Driven Magnetic Reconnection; Sep. 1931

Y. Ogawa, T. Amano, N. Nakajima, Y. Ohyabu, K. Yamazaki,

S. P. Hirshman, W. L. van Rij and K. C. Shaing, Neoclassical
Transport Analysis in the Banana Regime on Large Helical Device
(LHD) with the DKES Code; Sep. 1991

Y. Kondoh, Though: Analysis on Relaxation and General Principle to
Find Relaxed State; Sep. 1991

H. Yamada, K. Ida, H. Iguchi, K. Hanatani, S. Morita, G. Kaneko,
H. C. Howe, S. P. Hirshman, D. K, Lee, H. Arimoto, M. Hosokawa,
H. idei, 8. Kubo, K. Matsuoka, K. Nishimura, S. Okamura,

Y. Takeiri, Y. Takita and C. Takahashi, Skafranov Shift in Low-
Aspect-Ratio Heliotron ! Torsatron CHS ; Sep 1991

R. Horiuchi, M. Uchida and T. Sato, Simulation Study of Stepwise
Relaxation in a Spheromak Plasma ; Oct. 1991

M. Sasao, Y. Okabe, A. Fujisawa, H. iguchi, J. Fujita, H. Yamaoka
and M. Wada, Development of Negative Heavy lon Sources for

Plasma Potential Measurement ; Oct. 1991

S. Kawata and H. Nakashima, Tritium Content of a DT Pellet in
Inertial Confinement Fusion ; Oct. 1991

M. Okamoto, N. Nakajima and H. Sugama, Plasma Parameter
Estimations for the Large Helical Device Based on the Gyro-
Reduced Bohm Scaling ; Oct. 1991

Y. Okabe, Study of Au~ Production in a Plasma-Sputter Type
Negative Ion Source ; Oct. 1991

M. Sakamotoe, K. N. Sato, Y. Ogawa, K. Kawahata, S. Hirokura,
S. Okajima, K. Adati, Y. Hamada, S. Hidekuma, K. Ida, Y. Kawasumi,



NIFS-117

NIFS-118

NIFS-11g

NIFS-120

NIFS-121

NIFS-122

NIFS-123

NiFS-124

NIFS-125

NiFS-126

NIFS-127

NIFS-128

NIFS-129

NIFS-130

M. Kojima, K. Masai, S. Morita, H. Takahashi, Y. Taniguchi, K. Toi and
T. Tsuzuki, Fast Cooling Phenomena with Ice Pellet Injection in
the JIPP T-IIU Tokamak, Oct. 1991

K. ltoh, H. Sanuki and S. -1. itoh, Fast Ion Loss and Radial Electric
Field in Wendelstein VII-A Stellarator: Oct. 1991

Y. Kondoh and Y. Hosaka, Kernel Opiimum Nearly-analytical
Discretization (KOND) Method Applied 1o Parabolic Equations
<<KOND-P Scheme>>; Nov. 1991

T. Yabe and T. Ishikawa, Two- and Three-Dimensional Simulation
Code for Radiation-Hydrodynamics in ICF; Nov. 1981

S. Kawata, M. Shiromoto and T. Teramoto, Density-Carrying Particle
Method for Fluid ; Nov. 1891

T. Ishikawa, P. Y. Wang, K. Wakui and T. Yabe, A Method for the
High-speed Generation of Random Numbers with Arbitrary
Distributions; Nov. 1991

K. Yamazaki, H. Kaneko, Y. Taniguchi, O. Motojima and LHD Design
Group, Status of LHD Control System Design ; Dec. 1991

Y. Kondoh, Relaxed State of Energy in Incompressible Fluid and
Incompressible MHD Fluid ; Dec. 1991

K. Ida, S. Hidekuma, M. Kojima, Y. Miura, S. Tsuji, K. Hoshino, M.
Mori, N. Suzuki, T. Yamauchi and JFT-2M Group, Edge Poloidal
Rotation Profiles of H-Mode Plasmas in the JFT-2M Tokamak ;
Dec. 1991

H. Sugama and M. Wakatani, Statistical Analysis of Anomalous
Transport in Resistive Interchange Turbulence ;Dec. 1991

K. Narihara, A Steady State Tokamak Operation by Use of
Magnetic Monopoles ; Dec. 1991

K. ltoh, S. -I. lioh and A. Fukuyama, Energy Transport in the Steady
State Plasma Sustained by DC Helicity Current Drive Jan. 1992

Y. Hamada, Y. Kawasumi, K. Masai, H. Iguchi, A. Fujisawa, JIPP T-
iU Group and Y. Abe, New High Volrage Paralle! Plate Analyzer |
Jan. 1892

K. lda and T. Kato, Line-Emission Cross Sections for the Charge-
exchange Reaction between Fully Stripped Carbon and Atomic

Hydrogen in Tokamak Plasma; Jan. 1992

T. Hayashi, A. Takei and T. Sato, Magneric Surface Breaking in 3D
MHD Equilibria of 1=2 Heliotron ; Jan. 1992




