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Parameter dependence of radial structure of edge poloidal
rotation is studied with spectroscopic measurements for L- and
H-mode plasmas in the JFT-2M tokamak. The peak of poloidal flow
in the electron diamagnetic direction suddenly appears near the
plasma edge in H-mode. No critical normalized ion
collisicnality, v«;, for the transition of L- to H-mode is
cbserved. The size of the poloidal flow in H-mode has no

dependence on poleoidal gyro-radius.
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1. Introduction

Since the sudden transition from low confinement (L-mode) to
high confinement (H-mode) was discovered in ASDEXL, it has been
observed in many tokamaks2-7 with several heating and
operational schemes®-11. The H-mode transition ig characterized
by an improvement in both particle and energy confinement. A
rapid increase in density in conjunction with a sudden drop cf
the Hy/Dy recycling light is a common H-mode characteristic.
Recently the poloidal rotation velocity and the radial electric
field near the plasma periphery have been found to play an
important role in the L- to H-mode transitionl2-17, ohe IL- to H-
mode transition has been demonstrated to be triggered by driving
a radial current across the outer magnetic surfacelZ. The
driving current and radial electric field imposed by electrodes
can be positive or negative in H-model3. However, without
external driving current, the sudden change of edge poloidal
rotation velocity is in the electron diamagnetic direction,
which indicates a sudden change of radial electric field to be
more negative, as was observed at L- to H-mode transitions in
DITI-D14. The L- to H-mode transition is also associated with a
sudden decrease in the edge density fluctuations and magnetic
fluctuationsl5:16  Thig negative radial electric field is driven
by some non-ambipolar fluxes such as thermal and/or fast ion
loss at the plasma edge. More recently, profiles of the radial

electric field at the plasma edge were measured in JFT-2M and




preliminary results were reportedl”.

Theoretical models for the L- to H-mode transition have
been proposed since the discovery of H-mode. Recently various
models based on bipolar ion orbit lossl8-20, neoclassical
viscosity21,22, fluctuation suppression, 23 gpontaneocus poloidal
spin-up?4, or power flow asymmetry2> have been proposed by S.-
I.Itch, K.C.Shaing, H.Biglari, A,B,Hassam and M.Tendler to
explain the sudden change of poloidal rotation wvelocity at the
L/H transition. However, predicted features of poleoidal rotation
velocity and the radial electric field are different among
models. It is therefore crucial to study precise profiles of
poloidal flow and parameter dependence of poloidal rotation and
the radial electric field at L teo H transitions. In this paper
we present more details of previocus resultsl’, and comparison

with several current theories is also discussed.
2. Measurements of poloidal flow and radial electric field

The radial electric field profiles are inferred from
peleidal/toroidal rotation and ion pregsure profiles using the

ion momentum balance equation;

op

E= 7 gy (BeVe= BoVo)



where Zj, pi, nj are the ion charge, pressure and density, B@
and Bg are the toroidal and poloidal magnetic fields, and v and
vg are the toroidal and poloidal rotation velocities. Toroidal
rotation velocity is in the same order of poloidal rotation
velocity at the plasma edge. The contribution of toroidal
roetation velocity to the electric field is much smaller than
that of polcidal rotation wvelocity, since the poloidal magnetic
field is smaller than the toroidal magnetic field by one order
of magnitude. The dominant impurity in JFT-2M is carbon and its
amount is estimated from the intensity of CVI emission. The
radial electric field is estimated using the momentum balance
equation of carbon, since there is no guarantee that bulk ions
rotate with the same velocity as carbon when the plasma changes
gquickly at L/H transition26.

The torcidal rotation velocity, ion temperature and fully
stripped carbon density profiles are measured using the charge
exchange spectroscopy technigque at CVI 5292 A with toroidal
arrays (two sets of 34 channels) with a gpatial resolution of 1
cm. The poleoidal rotation and edge ion temperature profiles are
measured using the intrinsic radiation of CVI at 5292 A. The two
sets of toroidal/poioidal arrays view the plasma in opposite
directions to define the zero reference for Doppler shift
measurements.The poloidal arrays (two set of 23 channels) do not
view across the beam line and view only the plasma periphery

with a spatial resolution of 4 mm. The integration effect of



line-of-sight in poloidal arrays is small, as long as the signal
increases rapidly with smaller minor plasma, even though the
emission shell extends well inside the plasma. However in crder
to avoid the integration problem cof line-of-sight completely, an
wavelength-resolved Abel inversion?’ is used to obtain local ion
temperature and poloidal rotation velocity from the poloidal
arrays.

The optical fibers (114 channels) are led to the entrance
glit of a 1 m Czerny-Tunner spectrometer with 2160/mm grating
and the entrance slit is effectively divided by the 114 channels
in height. The effective slit width is determined by the number
of fiber lines. Since the diameter of each fiber is 0.125 mm,
the effective slit width can be varied 0.25 or 0.5 mm. The slit
width for polcidal and edge toroidal channels is 0.25 mm, while
it is 0.5 mm for the central toroidal channels that are viewing
the high ion temperature region of the plasma. A CCD detector is
coupled with an image intensifier (micro channel plate) by an
image fiber bundle and igs arranged at the exit plane. An
extensive spatial calibration of the 114 channels has been done
with a mercury pen lamp set on the vacuum vessel using
calibration optical fibers set into the toroidal/polecidal
arrays. The location of the spot from the mercury lamp on the
CCD detector was measured and this data has been used for the
position calibration. The uncertainty in position is less than 5
mm, which has been confirmed by the fact that the position of

the sharp edge of CVI emission from the torcoidal arrays agrees



with that measured in the poloidal arrays. The uncertainty of
the position of the separatrix calculated with an equilibrium
code is also estimated to be 5 mm. The fine-structure components
due to different l-level states increases the apparent Doppler
width in the measurements of the low ion temperature plasma.
However, the increase of apparent lon temperature from real
temperature is 15 % at 100 eV for the n=8-7 transition28. The
correction due to fine-structure is taken into account in our
analysis, however it is a minor correction compared with the
uncertainty in the fitting the measured spectrum.

The electron temperature profile and its gradient profile are
measured with an ECE radiometer to investigate the location of
the thermal transport barrier. The plasma near the periphery
{r/a > 0.9) is not optically thick for emission at the second
harmonic of the electron cyclotron frequency. The ECE
Eémﬁéfétﬁié at this location is not accurate unless the emission
is reflected at the wall making the plasma effectively more
optically thick. The reflection coefficient determined from the
intensity ratio of second to third harmonic ECE signal is (.88
in JFT-2M28) | The electron temperature at the plasma edge is
found to be underestimated by 20-30%. The spatial resolution of
the measurements, set by the fregquency bandwidth of the
detector, is 3 mm. Bulk electron density {ne) and temperature
(Te) are measured with Thomson scattering. The edge plasma space
potential profiles are derived from T, and floating potential

measurements from a Langmuir probe outside of the separatrix.



3. Radial structure of poloidal flow and radial electric field

Figure 1 shows the time evolution of the poloidal rotation
velocity for a hydrogen plasma with a current of 280 ki, a
toroidal field of 1.3 T,chyof 2.7, a major radius of 1.3 m and
a minor radius of 0.3 m in a single null divertor configuration.
The neutral beam is injected at 700 ms in the co-direction with
a power of 0.7 MW and another beam is injected at 730 ms in the
counter direction with a power of 0.3 MW to exceed the power
threshold for L/H transition at 760 ms. A jump of polcoidal
rotation velocity at the L/H transition is cbserved at 1.3 c¢m
and 0.3 cm inside the gseparatrix and 0.2 cm outside the
geparatrix, while no jump of poloidal rotation velocity is
observed 2.2 cm inside and 0.7 cm outside the separatrix. The
poloidal rotation increases in the electron diamagnetic
direction in the H-mode regardless of the direction of plasma
current and neutral beam injection. The change of poloidal
rotation is prior to the change of ion temperature and is fairly
localized near the separatrix, while the sharp gradient in the
ion temperature 1s observed further inside the separatrix as
shown in Figure 2. The ilon temperature at ds = -2.2 cm increases
significantly 50 ms after the L/H transition. However, in H-mode
with ELMs, no poloidal rotation velocity shear is observed, even
though a steep gradient in ion temperature is observed. This is
mainly due to the poor time resolution of the measurements. The

fast change of poloidal rotation can be easily masked, since the



change of Doppler shifts within the integration period produces
effective Doppler broadening. This broadening due to the rapid
shift of central wavelength during integration increase the
apparent ion temperature by 20-30% in our experimental
condition.

The profiles of ion/electron temperature before (t = 708,
742 ms} and after (t= 775, 808 ms) the L/H transition are shown
in Figure 3. Both electron and ion temperature profiles show a
clear pedestal at averaged minor radius of 0.9 during the H-mode
phase. The increase of electron temperature is simply due to the
improvement of electron thermal transport. However the increacge
of central ion temperature in the H-mode phase is due to both
the improvement of ion energy transport and the increase of
power flow from electrons at higher electron density. The
electric field profileg for ohmic, L-mode and H-mode plasmas are
calculated from rotation velocities and pressure gradients of
carbon using a momentum balance equation of C2+ [eg. 1]. The
electric field becomes more negative in H-mode, due to an
increase of poloidal rotation in the electron diamagnetic
direction. The poloidal rotation velocity profiles and ion
temperature profiles at cochmic (¢t = 692 ms), L-mode (£ = 742 ms)
and H-mode (t = 792 ms} are shown in Figure 4. The plasma always
rotates in the ion diamagnetic direction outside the separatrix
and in the electron diamagnetic direction inside the separatrix,
The structure of poloidal flow is consistent with the

measurements of phase velocity of the turbulent fluctuations in



TEXT tokamak30. The position, where the plasma does not rotate
poleoidally, moves outward as the plasma changes from ohmic to L-
and the H-mode. These structure of poleoidal flow imply that the
peloidal flow is convective as the M.Tendler model predicts.
The gradient of the electric field inside the separatrix,
ds = -1.5 cm, is positive in ohmic phase, slightly positive in
L-mode and becomes negative in the H-mode. The relative sgpace
potentials in the plasma are derived by integrating the radial
electric field. Combining the measurements of space potential
with electric probes, the profiles of space potential for ohmic,
L-mode and H-mode are obtained as shown in Fig.5(b}. The space
potentials just inside the separatrix are positive in ohmic and
L-mode and negative in H-mode. This negative space potential is
-260 V, while the ion temperature is 170 eV at the thermal
barrier. These measurements indicate that the improvement of
thermal transport correlates to the negative dE,/dr. In
conclusicon, both Er and dE,/0r become more negative in the
thermal barrier, 1-2 cm inside the separatrix, after the L/H
transition. Positive dE,/dr is observed outside of the

separatrix both for L- and H-mode plasmas.
4. velocity shear and thermal barrier
The ion thermal transport barrier is always found at 1-2 cm

inside the separatrix although the steep gradients of electron

density and the brightness of CVI emission is concentrated near



the plasma edge within 0.5 cm of the separatrix. Figure 6 shows
the gradient of electron and ion temperature as a function of
poloidal rotation velocity shear 1.5 cm inside the separatrix
tor various discharges. Poloidal rotation shear is positive or a
little negative dvg/dr > -2 kms lem™1, with small gradients of
electron and ion temperature, dTe/0r < 40 eV/cm and 9Ti/dr < 20
evV/cm, for L-mode plasma. On the other hand, the poloidal
rotation shear is always negative during large gradients of
electron and ion temperature, 40 eV/cm < 9Tg/dr < 90 eV/cm, 20
ev/em < 9Ti/dr < 70 eV/cm, in H-mode plasma. Both the electron
temperature gradient and pcloidal rotation velocity shear become
larger as the plasma current of the discharge is increased from
170 kA to 280 ka.

The large electron temperature gradient is associated with
negative poloidal rotation velocity shear not positive rotation
shear. This sign dependence of poleidal rotation shear on
improvement of heat transport is one of the important
characteristics in the L/H transition of the plasma with no
externally driven electric field. The ion temperature gradients
show similar behavior, but the gradients of ion temperature are
slightly smaller than the electron temperature gradient. This is
consistent in that most of the heating power of the neutral beam
is into electrons, so at the plasma edge low temperature ions
are heated through collision with electrons.

Bulk ion temperature and rotation velocity are assumed to be
the same as carbon temperature and rotation velocity. In order

to obtain a wide range of ion normalized collisicnality,



peclcidal rotation velccities are measured for H-mode discharges
with various electron densities and plasma currents. The
poloidal rotation parameter Up(zveB/vthBe) is plotted as a
function of normalized ien collisionality in Figure 7. The ion
collisionality vs+; at 0.7 cm inside the separatrix is obtained
with the edge ion temperature measured with CVI line and the
edge electron density extrapolated from FIR interferometer
measurements. The extrapolated edge densities are consistent
with the probe measurements. The ion collisionality V=j
decreases after the L/H transition for the discharges with
higher plasma current, while it increases or does not change for
lower plasma current. This is mainly due to the fact that the
ion temperature increases more than the electron density for
higher current, but increases less than the electron density for
lower current.The poloidal rotation parameter charges from below
two to above two at L to H transitions. Although there is no
critical ion collisionality for the L/H transition, critical
values of the poloidal rotation parameter is observed. This
critical poloidal rotation parameter, Up, at the L/H transition
is 2 - 3 across a wide range of ion normaiized collisionality.

Figure 8 shows the width of the poleidal rotation shear for
various poloidal gyro-radius width with plasma current of 170 kA
to 280 kA and with hydrecgen and deuterium working‘gas. The
widths of poloidal rotation velocity., L(vg), are defined by the
two times of the full width of half maximum ( 2 x FWHM ) of

poloidal rotation velocity in H-mode. They are ~4 c¢cm over a



wide range of poloidal gyro-radius from 0.7 cm to 2 cm. The
width of the poloidal rotation velocity shear is two to six
poloidal gyro-radius, however it shows no dependence on gyro-

radius.

5. Discussions

Since several H-mode models have been proposed, we now
discuss the agreements and discrepancies of each model to our
observations. Comparison of characteristic parameters in H-mode
plasma between JFT-2M measurements and theories is summarized in
Table I. The L/H transition compared here is only spontaneous
transition during plasma heating. These transitions must have
features different from the L/H transitions triggered by driving
a radial current across the ocuter magnetic surfacel2, 13 The
radial electric field inside the separatrix is negative in the
spontaneous H-mode as cobserved in JFT-2M, although it can be
negative or positive when the driving current is induced and
radial electric filed is imposed externallyl3.

In Ttoh's model, non-ambipolar particle losses determine the
self consistent radial electric field with positive values of
dEy/dr in L-mode and negative values of JE,/dr in H-mode being
predicted. This negative dE,/dr is also predicted to reduce the
banana width of ions and the electron ancmalous flux by improved
micro-stabilityl8-20 1t aiso is interesting to evaluate the

strength of the gradient of the radial electric field OE,/dr,




gince it can affect the ion orbit and change the banana width of
ions by the factor of (|l-ugl+Ce)-1/2, where € and C are the
inverse aspect ratio and a numerical coefficient. The shear
parameter of the electric field ug- defined by pp(aEr/ar)/vthBQ,
is in the range of -0.5 < ug < 1 for L-mode and -2 < ug < -0.5
for H-mode at 0.7 cm inside the separatrix. The gradient of the
electric field measured in H-mode is large enough to change the
banana width. These values of the shear parameter ug is
consistent with the prediction of Itoh's model, 1.0 in L-mode
and -2.3 in H-mode20. The pressure gradient parameter, A [ -
(Te/Ti)Pp {(0ne/dr)/ng+a(9To/0r)/Te)} 1 defined in their model,
changes from below unity ~ 0.5 to above unity -~ 1.3, at L/H
transiticn and is consistent with the critiéal value of their
model (kc = 1), We observe qualitative agreement of
characteristic parameters ug and Ae in Itoh's model at the L/H
transition. However the lack of dependence of the width of the
sheared flow region on poloidal gyro-radius contradicts their
model.

on the other hand, in K.C.Shaing's model?l, the bifurcation
of poloidal viscosity at the critical normalized ion
collisicnality play a more important role than the sign of
JE,/dr at the L/H transition. The corresponding negative radial
electric filed E, suppresses the fluctuations22. These critical
rotation values agree with the prediction of Shaing's model (Up
~ 1 for L-mode and 2 for H-mode) within a factor of two. The

collisicnality parameter of Shaing's model for the L/H



transition varies with machine geometry and the fraction of fast
ion loss. His model predicts a critical value of vey (1 7 2)
at L/H transition, which does not agree with the measurements.
The effect of fast ion loss, which is not included in his model,
may increase the critical value of vsi, since the fast ion loss
produces an effective radial current. The large value of
critical v+; measured in JFT-2M may be explained with Shaing's
model by including the additional effect of fast ion logs3l.
Models which include fast ion loss as well as bulk ions are
necessary to have better agreement with the experimental
observations. We observe gualitative agreement of characteristic
parameters U in K.C.Shaing's model2l at the L/H transition.
The Shaing's model explains that the suppression of fluctuations
are due to the more negative electric field not positive 5,22,
which is consistent with the dependence of temperature gradients
on the sign of poloidal rotation and radial electric field
observed in JFT-2M. His model also predicts a poloidal gyro-
radius dependence of the width of poloidal rotation shear as
well as Itoh's model, since ion orbit losses are the driving
force of poloidal rctation. Recently, the complete effect of the
orbit squeezing are studied and it ig found theoretically that
the width of the edge radial electric field layer in the H-mode
as estimated from the ion orbit loss model does not depend
explicitly on the poloidal gyro-radius32,

The influence of sheared poloidal rotation has been
investigated by H.Biglari, and turbulence is expected to be

suppressed by either sign of radial electric shear?3. However



clear sign dependence of improvement of thermal tLranspert on
dEy/dr and dvg/dr is observed. The L to H transition is observed
only when the velocity shear becomes negative not when the
velocity shear is positive. There is no critical |dvg/dri for
L/H transition, Improvement of transport and suppreggion of
turbulence due to sheared flow is an important mechanism
associated with the L- to H-mode transition, however there is no
experimental evidence to support that the sheared flow causes
the L/H transition. Although Biglari theory predicts that both
negative ( dE,/dr < 0 ) and positive ( dE./dr > 0 } electric
field shear can suppress the fluctuaticns, however, negative
shear is more beneficial to the the improvement of thermal
transport in experiment.

A.B.Hassam proposed a mechanism for poicidal spin-up that
does not rely on non-ambipolar flux such as edge ion loss and
does not depend on the ion collisionality parameter and poloidal
gyro—radiu524. In his model, when the poloidal asymmetry, the
fractional difference between the particle transport inside and
outside, is sufficiently large, and the particle trangport rate
is larger than the damping due to magnetic pumping, poleidal
spin-up occurs. This spin-up is characterized by simultaneous
sudden changes in both poloidal and toroidal flow velocity,
which has not been observed at least JFT-2M H-mode. None of
these models can fully explain the structure of edge electric
field, negative oEy,/dr inside and positive dEy/dr outside the

separatrix, since they solve problems conly inside the



separatrix.

M.Tendler's model deals with the problem both ingside and
outside the separatrix, in the scrape-off layer (SOL)25. His
model predicts that the direction of the poloidal rotation in
the SOL is opposite to the direction of the neoclassical
poloidal rotation on the inner flux surface just inside the
separatrix. These two opposite flows are consistent with the
measurements in JFT-2M. In order to compare the measurements
with this model, measurements of the 2D poloidal flow pattern in
the vicinity of the separatrix is necessary.

In conclusion, two opposite peloidal flows are observed in
the vicinity of the separatrix. Flow is in the electron
diamagnetic direction inside and ion diamagnetic direction
outside the separatrix. The poloidal flow inside increases in
magnitude and has a peak close to the separatrix in H-mode. The
thermal barrier, which is indicated by a large gradient of both
electren and ion temperature, is only associated with a negative
electric field shear (dEy/dr < 0). These features are consistent
with most H-mode models, however no dependence of the width of
the sheared poloidal flow on poloidal gyro-radius is observed
and thus contradicts the predictions of H-mode theories related
to ion orbit loss. These theories must include other non-
ambipolar losses such as fast ion loss.
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Table and figure captions

Table I. Comparison of characteristic parameters in H-mode

plasma between measurements and theories.

Fig.l Time evolution of poloidal rotation velocity at (a) -0.3,
-1.3 and -2.2 cm inside and (b) 0.2, 0.7 and 1.3 cm outside the
separatrix. The L to H and H to L transitions occur at t = 760

and 840 ms.

Fig.2 Time evolution of the ion temperature at (a) -0.3, -1.3
and -2.2 cm inside and (b) 0.2, 0.7 and 1.3 cm outside the
separatrix. The L to H and H to L transition occur at t = 750
and 840 ms. Time evolution of the electron temperature measured

with ECE is also shown in Fig. (a)

Fig.3 Radial profiles of {a) electron temperature measured with
ECE radiometer and (b} ion temperature measured with toroidal
arrays at t = 708 and 742 ms (before the L/H transition) and t =

775 and 808 ms (after the L/H transition).

Fig.4 (a) Edge poloidal rotation velocity and (b} ion
temperature as a function of the distance from the separatrix,
for OH (t =692 ms, asterisk), for L-mode (t = 742 ms, open
circles) and H-mode (t = 792 ms, closed symbols), where ds is

negative for inside and positive for outside of the separatrix.



Fig.5 (a) Edge radial electric field and (b) space potential as
a function of the distance from the separatrix, for CH {t = 692
ms, asterisk) L-mode (¢t = 742 ms, open symbols) and H-mode (L =
792 ms, closed symbols). The absolute value of the sgpace

potential is measured by probes {squares symbols).

Fig.6 Gradients of (a) electron temperature meagsured with ECE
radiometer and (b) ion temperature 1.5 cm inside the separatrix
as a function of poloidal rotation velccity shear. Open symbols
stand for L-mode and closed symbol for H-mode. Circles are
discharges with the plasma current of 280 ka and triangles are
with 170 k&. Squares stand for limiter discharges with plasma

current of 230 kAa.

Fig.7 Normalized poloidal rotation wvelocity as a functicn of
normalized ion collisionality. Open symbols stand for L-mode and
closed symbols for H-mode. Circles are discharges with a plasma
current of 280 kA and triangles are with 170 kA. Sgquares stand

for a limiter discharges with plasma current of 230 ka,
Fig.8 The width of the poloidal rotation velocity shear as a

function of poloidal gyro-radius Open circles are for hydrogen

plasma and closed circles are deuterium plasma.



parameters Exp. Itoh Shaing Biglari Hassam Tendler
E; negative positive  negative not negative
(no induced (negative, important
current)  if 0E/0r<0)
JEjjor negative  negative  positive  positive
or negative
E;in SOL positive positive
critical pressure critical density
gradient A ~1 -1 gradient
critical vsi none none 1~2ifno none none
fast ion loss
critical none none none necessity  none
lgvg/arl
electric field >-0.5-0() 1.0()
shear ug <05~0(H) -23H)
poloidal <2-30L) 1)
velocity Up >2-3(H) 3|
dependence of
shear region no yes yes no no
on poloidal (no, if orbit is
gyro-radius squeezed )
Table I



10— — T
 (a) s ]
5 [ L-mode “Mode | L-mode !
-2.2cm ]
0 :- “% E\‘@,$\ ’E\‘E ’%
far) :@’ : \-_ / N - :
5 fE’E \@ -1.3cm ;9'5' .
! \ “e/eaﬁa'ﬂl ]
10F - o -
-IVT 0-o-0
- ~.0.3cm
_15'11.11...|...l....
700 750 800 850 900
time (ms)
10 l

o o
W /TR
o
r’j
I\
v =
B \/g_
P-T—| \\ :
e
A=
|~
"
Vo

A ' 8-
> [ 3 &‘\O.hm /l o
-3 3 ‘o 02m __#® g
1ol PAE 4 :
15 [ s S SR T DV T | I S T T
700 750 800 850 900
time (ms)

e e o
FRgure 1



250 | ey T | T Il_l T ]dr T 1 7T T T 1 ]
E(i)-mode mo :2 L-mode 1
200 - %‘/“ .2CM -
AN -1.3cm
150 F /Y /%\/ :
%% ;i '\%/f N\ % E
100 | / ?é;%f
A ,% % \ - I ]
50 %é -0.3cm ‘”
0 [ R R T N SR I
700 750 800 850 900
time (ms)

250 ———— — ——

- (b) H-mode i
200 [ L-mode L-mode
150 [ 0.2cm E

5 Y *

- /o <
100F o A \‘/’/ ,l§‘ :

L/ I ~ .

: = T A NG AN

20 :4!— \ 0.7cm \I‘} | 2

i 1.3cm

0',...|...|...|.,..‘
700 750 800 850 900

time (ms)

Figure 2



T

ryrrrrprr T T Ty T
[ Q 770ms (H) 1
600 [ "Ry » gioms (H) 1

@

] I T T 1 Ll l L} ] LI l ] T T L

800 1
! 808ms (H) (b) |

600 |

(eV)

" 400 |

200 {

0lllll!llllllllllelIllll

05 06 07 08 09 1

e o M
rigire 3






100 —
50
T 0
] -
2 -50 F
we
-100 ]
150 I :
_ T 1|‘—|*|1 L
200-3 -2 -1 0 1 2
ds (cm)
200"5”1 T
E() ,*w*f/OH
100" /* x\ -
. X O -0O-%
s o oA "
= 0 —= !
o i
-100F L-mode .
i \H-mode
-200 [ .
A separatrix :
_ I BT BT FRVE S PR BT SR
300-3 -2 -1 0 1 2



100

ov /ar (kms'cm™)

Figure 6

'(é) Iol | lnegiaﬁ;le ;;osi'tlive |
<
—~ 80 Qo =
e B
> A
%J 60 e O o i ‘:
S " H-mode @ N
40 | N o
E ¢ ® L-mode
20 |- A Al:I |
A A
0 1 ! L i N } L \ I 1
-8 6 -4 -2 0 2 4
ov for (kms™'cm™)
A R e
( ) ] o negative | positive
E 60 [ -
G)
> H-mode
2 [ ]
v 40 A
Q___ é LY
= H, A
T m Q0 L
' o A O -mode
20 . A‘#A og ©
O
0 0 A 91 nE
-8 6 -4 -2 0 2 4




B (ds=-0.7cm)

th ©

v B/v

0

8 | | I | I TITT11 I Irrlri I L L L L] ] TT 1w l T 1t
5 H-mode A |
A
'. A A A A
4- o .
= °% o
N A QA
ol u olP a A A
4 O 0 L-mode |
AO A
0 U
I o U )
1 111 I L3 1.1 I 1. 511 I Li 11 I Li 1.t l

0 10 20 30 40 50 60
v.. v, (ds=-0.7cm)

Figure 7



)
o @ % -
OOO
@

Figure 8



NIFS-65

NIFS-66

NIFS-67

NIFS-68

NiFS-69

NIFS-70

NIFS-71

NIFS-72

NIFS-73

NIFS-74

NIFS-75

NIFS-76

NIFS-77

NIFS-78

NIFS-79

NIFS-80

Recent Issues of NIFS Series

A.Fukuyama, S.-llitoh and K. ltoh,A Consistency Analysis on the
Tokamak Reactor Plasmas; Dec. 1990

K.ltoh, H. Sanuki, S.-I. lioh and K. Tani,Effect of Radial Electric
Field on a-Particle Loss in Tokamaks, Dec. 1990

K.Sato,and F.Miyawaki,Effects of a Nonuniform Open Magnetic
Field on the Plasma Presheath; Jan.1991

K.ltoh and S.-1.ltoh,0On Relation between Local Transport
Coefficient and Global Confinement Scaling Law; Jan. 1991

T.Kato, K.Masai, T.Fujimoio,F.Koike, E.Kallne, E.S.Marmar and
J.E.Rice,He-like Spectra Through Charge Exchange Processes in
Tokamak Plasmas; Jan.1991

K. Ida, H. Yamada, H. Iguchi, K. ftoh and CHS Group, Observation of
Parallel Viscosity in the CHS Heliotron/Torsatron ; Jan.1991

H. Kaneko, Spectral Analysis of the Heliotron Field with the
Toroidal Harmonic Function in a Study of the Structure of Built-in
Divertor ; Jan. 1991

S. -1. ltoh, H. Sanuki and K. ltoh, Effect of Electric Field
Inhomogeneities on Drift Wave Instabilities and Anomalous
Transport ; Jan. 1991

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. 1981

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. 1991

N. Ohyabu, High Temperature Divertor Plasma Operation; Feb.
1981

K.Kusano, T. Tamano and T. Sato, Simulation Study of Toroidal
Phase-Locking Mechanism in Reversed-Field Pinch Plasma; Feb.
199|

K. Nagasaki, K. lich and S. -1. ltoh, Model of Divertor Biasing and
Control of Scrape-off Layer and Divertor Plasmas; Feb. 1891

K. Nagasaki and K. ltoh, Decay Process of a Magnetic Island by
Forced Reconnection; Mar. 1951



NIFS-81

NIFS-82

NIFS-83

NIFS-84

NIFS-85

NIFS-86

NIFS-87

NIFS-88

NIFS-89

NIFS-90

NIFS-91

NIFS-92

NIFS-93

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. 1991

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

K. Ida, S.-l. ltoh, K. itoh, 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
1991

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

S. -l Itoh, K. ltoh, A, Fukuyama, Y. Miura and JFT-2M Group,
ELMy-H mode as Limit Cycle and Chaotic Oscillations in Tokamak
Plasmas; May 1991

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

H. Sugama, N. Nakajima and M.Wakatani, Nonlinear Behavior of
Mulniple-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 1891

S. - L. ltoh, H-mode Physics, -Experimental Observations and
Model 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. - I. ltoh, 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



NIFS-94

NIFS-95

NiFS-96

NIFS-97

NIFS-88

NIFS-99

NIFS-100

NIFS-101

NIFS-102

NIFS-103

NIFS-104

NIFS-105

NIFS-106

NiFS-107

NIFS-108

NIFS-109

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

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

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

K. ltoh, S. - . ltoh, H. Sanuki, A. Fukuyama, An H-mode-Like
Bifurcation in Core Plasma of Stellarators; Jun. 1991

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; dun. 1991

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
Conceptual Design of D-3He FRC Reactor "ARTEMIS” : July
1991

N. Nakajima and M. Okamoto, Rotations of Bulk lons and Impurities
in Non-Axisymmetric Toroidal Systems ; July 1991

A_ J. Lichtenberg, K. Itoh, S. - L. Itoh and A. Fukuyama, The Roele of
Stochasticity in Sawtooth Oscillation ; Aug. 1991

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

T. Sate, 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. 1891

S. Murakami and T. Sato, Macroscale Particle Simulation of
Externally Driven Magnetic Reconnection; Sep. 1991

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

S. P. Hirshman, W. I. van Rij and K. C. Shaing, Neoclassical
Transport Analysis in the Banana Regime on Large Helical Device
{(L.HD) with the DKES Code; Sep. 1551

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



NIFS-1106

NIFS-111

NIFS-112

NIFS-113

NIFS-114

NIFS-115

NIFS-116

NIFS-117

NIFS-118

NIFS-119

NIFS-120

NIFS-121

NiFS-122

NIFS-123

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

Y. Takeiri, Y. Takita and C. Takahashi, Shafrarnov 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 Ion 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. 1981

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

M. Sakamoto, K. N. Sato, Y. Ogawa, K. Kawahata, S. Hirokura,

S. Okgjima, K. Adati, Y. Hamada, S. Hidekuma, K. Ida, Y. Kawasumi,

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. -l. lioh, Fast Ion Loss and Radial Electric
Field in Wendelstein VII-A Stellarator; Oct. 1991

Y. Kondoh and Y. Hosaka, Kerne! Optimum Nearly-analytical
Discretization (KOND) Method Applied to Parabolic Equations
<<KOND-P Scheme>>; Nov. 1991

T. Yabe and T. Ishikawa, Two- and Three-Dimensional Simulation
Code for Radiation-Hydrodynamics in ICF; Nov. 1991

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



