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A specific type.of activity associated with fairly large pulsive
energy loss has been observed, predominantly during improved confinement
(H-mode) discharges in the NBI heated Doublet III tokamak. Large repetitive
bursts of edge recycling light with 2-5ms duration and ~10ms intervals appear
in the course of increasing Bp. The amount of energy released by a single
burst is estimated to be at least 2-3% of stored energy. As a result of these
periodic energy losses, attained values of plasma energy is evaluated to be
depressed as much as 10%. Prior to a burst, large wen=0 magnetic field
oscillations of ~20kHz were observed with highly peaked distribution near the
divertor region. No other particular activities which might be responsible
for either the confinement deterioration or improvement have been found

throughout the entire operational space.
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1. Introduction

MHD activity in tokamak plasmas has been extensively studied in theories
and experiments. However, there is quite a bit of informationm of particular
activities which could definitely determine plasma properties; such as
internal disruption and some cases of hard disruption., In many of the cases,
it is obscure whether the activity itself plays an essential role in particle
and/or energy transport or is just a simple indication of local profile
changes. In this context, it is important to evaluate the influences

introduced by each activity.

Experiments on high power neutral beam injection (NBI) heating
demonstrated that the high beta plasmas close to a reactor relevant level are
well sustainable, even in a situation where confinement is degraded to some
extent [1]. Several attempts have been made to clarify the cause of the
degradation from the viewpoint of MHD activity in higher 8. 1In ISX-B, the
existence of high frequency broad band spectrums on the Mirnov signal is
thought to be an indication of the resistive ballooning mode and the enhanced
thermal diffusivity due to this activity is estimated [2]. A particular type
of m=1 activity called "fish bone” is reported as onme of the important loss
mechanisms for high energy ions in PDX [3]. However, in Doublet III we were
not able to find any evidence of activities which indicate positive
correlations with observed detericration or empirical scaling which is
reported in [1] although the measurement was restricted to ome internal
magnetic probe with 25usec time resolution. Also, there was no marked MHD

activity which affected the basic heating efficiency in JFT-2 [4].
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Recently, discharges with improved confinement time comparable

to the ohmic level (H-mode) have also been obtained in Doublet III, similar to
the ones already reported in ASDEX [5]. The H-mode discharge is characterized
by gradual growth of plasma energy indicated by a diamagnetic signal after
abrupt reduction of edge recycling neutral light (D4/H,), contrast to limiter
discharges in which the energy saturates within 50-100ms and accompany
enhanced neutral light emission., Detailed values of plasma parameters and
characterisitcs are to be reported [6]. Fluctuations in H—modé digcharges are
characterized as follows: large amplitude mP3,4 Mirnov oscillations coupled
with internal m=1l mode; longer repetition sawtooth with faint amplitude; and,
in addition, the appearance of large, almost regular bursts of recycling
light. This paper describes the characteristics of Dy/Hy burst activity
(which may rather be called edge relaxation oscillation phenomena) in detail.
Similar observations were also reported in ASDEX [7], although there is a

major difference in density medulation.
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2. Diagnostics

Description of the Doublet III tokamak, neutral beam injectors are found
elsewhere [1,8]. Major machine parameters are By<2.4T, Ip51MA, R=143cm and
a=43cm.  Neutral hydrogen beams of ~70kV are injected into deuterium plasma
nearly perpendicularly. Maximum available NBI power was ~4 ,5MW. The
diagnostics mainly used in the fluctuation study are the following:

1) Poloidal magneic field fluctuation (Mirnov oscillation) ; ge

Figure 1(a) shows the locations of 11 magnetic probes in the poloidal
direction (300°&E -60°)<8<240° with every 30° separation at the toroidal angle
y=255°). Another Ee probe is located at 6=0° and ¢=75° (180° apart) for the
identification of toroidal mode structure. Probes are attached inside the
vacuum vessel wall and behind the limiters with ~0.6mm stainless steel covers.
The sensitivity of each probe is calibrated (in the absence of the vessel
wall) and have nearly flat frequency response of ~0.15 {turn-m?] up to ~20kHz.

Actual time resolution of Bg is restricted by a digitizer clock rate of

10usec minimum.

2) Soft x-ray diodes (PIN diode) arrays ; ;

Soft x-ray emission profile from main plasma {photon energy with
»1.1-1.3keV) can be measured by two fan-shaped arrays (vertical and tangential
arrays with 3-4cm spatial resolution). The regions yielding maximum
emissivity are shown by arrows in Fig. 1(a) (i.e., +36cm > z(vertical) > -24cm
and +21em?R (radial : Rg=143em) » -5cm), The signal is divided with a high

pass (SXRF : 1.3kH, < f < 50kHz) and low pass (SXRS : f < 1.3kHz) filters.
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3)  Multichannel grating cyclotron radiometer ; 2fice

Time and spatial resolutions are SkHz (digitizer) and ~7cm vertically and
~3cm horizontally. The spatially covered zone is —llem <Rg <27em for By
~2.3T. The absolute value of the intensity could be calibrated by Thomson

scattering via Michelson 2{l,, radiometer.

4)  Dy/Hy emission by filtered photo diodes ; HALPHA

Three filtered photo diodes (A,=6563A with AA(FWHM) ~ 100R) looking at
the primary limiter surface (HALPHALIM), main plasma (apart from the limiters)
(HALPHAU) and near the divertor region (HALPHAM) are employed with time
resolution of ~0.5msec. 1In this paper, these recycling lights are referred to
as "Dg/Hy" or "HALPHA", although the major component of the signal is

Dy (main plasma) including a small fraction of Hy (from NBI).

5) Perpendicular charge exchange flux (c.x.) measurement
Injected beam and slowing down components of H atoms and bulk thermal D
atoms are detected with ~130 energy channels. The orientation is set to be at

the same angle as that of the NBI. Minimum time resolution is Imsec.

6) Twenty-one channel bolometer array for c.X. and radiation [9]
Response time of the bolometer is ~lmsec and the radiation intensity 1is

~

calibrated when B is small enough.

7 Diamagnetic measurements

The values of the poloidal beta (B8y), toroidal beta (Br) and stored energy
(W), in which beam components are included, are obtained from diamagnetic
measurements in this paper. Signals obtained from the diamagnetic loop, which
is coupled with the orientation compensating coils, are numerically subtracted

from the influences of the various field coil currents and vessel current

[10].
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The agreement between Bp measured by diagmanetism and the one calculated from
density and temperature measurment is within #0.15 or better at low to
medium plasma current; the diamagnetic value gives ~0.l1 higher value at high
Ip (Ip~700kA) in these H-mode divertor discharges. The argument is ambiguous
to some extent, since the information about the actual pressure anisotropy is

not available.
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3. Characteristics of H-mode Discharges and their MHD Activities

The best heating efficiency has been obtained with the equilibrium
configurations shown in Figs. 1{a) and (b). Major modifications from those
previously reported [1l] are the extension of the main plasma downward and the
ability of the scrape—off plasma to flow into both the inside and outside of
the vessel wall. The minimum distance between the main geparatrix magnetic
surface and the limiters is estimated to be typically 3-5cm from the
equilibrium calculation (in some cases of high Ip, the plasma shifts to the

inside more closely).

The quantitative criteria between the H and L mode has not yet been
clarified. The reason mainly comes from the fact that the values of the
heating efficiency scattered continuously from the best discharges (typical
H-mode) to the worst case (almost the same as the previous limiter discharges
[1]) (cf. Fig. 6). However, as one of the most probable causes, the
differences in the level of the edge recycling light emission is discussed in
a separate paper [6]. In general, good H-mode discharges require a reduced

gas puffing rate during NBI, higher I, and higher beam power.

Several common features are observed in the H-mode discharges in contrast
to the typical limiter discharges (or L-mode). Confinement improvement is
clearly seen in the smooth increase of the stored plasma energy by diamagnetic
signal and increase of the soft x-ray and neutron emissions without marked
saturation at the early phase (50-100ms) of the NBL. With a few exceptions in
low Ip, good H-mode discharges usually accompany large amplitude mw=3,4
oscillations coupled with internal m=1 mode, sawtooth activity with longer
repetition time which is roughly proportional to the Bp increase and D /Y,

bursts in the course of stored energy increase.
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Figure 2 shows the parameter (fr-Bp) space which has been obtained in

these experiments. Maximum values of Br and ) achieved are 2.47%7 and 1.7,
respectively. All the data points are 4 beam injection (Pyyy ~4.5MW) case and
are selected to indicate typical extremes in this space. The safety factor
qa* is simply defined for convenience to be the same as the limiter
discharges, qg* = (BT/UOIP) (2maZ/R) (1+Kaz)/2, even though the divertor

configuration is employed.

The Mirnov oscillation of these discharges are characterized as the
poloidal mode number of m=3 or 4, toroidal mode number of n=1 and the
frequency range from several to 20kllz, excpet for the region marked “e” {(low
Ip case). The level of the relative amplitude Ee/Bg has a general trend of
increasing with the Bp increase from 0.1 to several percent. Figure 3 and 7
show examples of the time evolution of the Mirnov signals. They can be
classified into three different types: (1) continuously growing type (Fig. 7)
and (2) repetitive bursts type (Fig. 3) of large amplitude w=3,4 oscillation
until the internal disruption and (3) no regular sinusoidal oscillation with
m=0, n=0 perturbation occasionally. The poloidal mode structures are
identified in the outer half of the cross section (-60° <6< 90°) and diminish
at the inner region, usually in the case of (1) or (2). Also, these 3,4
oscillations are coupled with an internal m=1 mode of the soft x-ray
emission in their frequency and timing. Discharges marked "a", "b"” and some
cases of "c¢" in Fig. 2 are categorized as type (1) of the above-mentioned and

“d" and some of "c¢" belong to type (2). The group of discharges marked "e

correspond to type (3).
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It has already been reported that the MAD activity during high pwoer NBI
exhibits several different behaviors compared to ohmic discharges. A
continuous growing mode similar to type (1) was observed in JFT-2 [12] and
1sX-B [13]; the burst-like type (2) are called "figsh-bone” in PDX[3], although
whether these types are identical to those observed in other tokamaks or not
is still unclear. The hatched region in Fig. 2 corresponds to the onset of
the fish-bone activity oserved in PDX [3]. However, as shown in Fig. 3(a)
there is no appreciable loss of slowing down beam particles (TRRP 61-64 H) or
decrease in the neutron emission (NEUTI2) correlated with the E@ bursts
activity onset, although the time resolution of ¢.X. and neutron measurements

are relatively slow and lms and several to 10ms, respectively. Marked time

correlation is seen in dips of soft x-ray emission (SXRS20) with Dy/Hg bursts

~
"

rather than Bg bursts. Almost all the cases ("a", “"e¢" and some of "b” and

"e" in Fig. 2) exhibit Dy/H, burst activity.



JAERI-M 83-171

4. Da/Hy Bursts and Associated Phenomena at Higher B, H-mode Discharges

Typical examples of discharges which accompany Do/Hy bursts are
shown in Figs. 4(a) : shot No. 33704 and 4(b) : shot No. 33318. The global
plasma parameters of these discharges (presented in detail in this Section)
are the following: #33704 : I, = 0.62MA, By = 2.3T, Bp max = 0.9 and stored
plasma energy W = 230kJ; #33318 : 1, = 0.49MA, Brp = 1.8T, Bp max = 1.2
(Bp = 1.5%) and W = 180kJ. Both discharges have a similar density of ;é =
4.5-4.7x1013 cm_3, almost identical qz* of = 3 and the same injection power

Ping of = 4.5MW.

Nearly regular Dy/H, bursts at = 10ms intervals are seen in all
locations. Soft x-ray emissions exhibit a large sawtooth—-like drop
corresponding to each burst, especially at the outer radius {SXRS20 : Z =
+24cm). Figure 4(b) shows that even at the central region the emission 1is
also modulated (SXRS25 : 2Z=0). Stored plasma energy (DIAMAG) is slightly

saturated (at t> 880 ms in Fig. 4(a)) or even decreases {4(b)) by the onset of

these activities.

Figure 5 is a plot of the relative amplitude of a Dy/H, burst with
respect to By for different I, and Bp., The figure shows that the bursts
appear at Bp > 0.7-0.8. Also, there are discharges without bursts indicated
as AT/I=0. The onset region seems to be related to I, as indicated by curves.

However, it is not simply qg* related if compared with lower By cases (open

points).
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Figure 6 shows a situation in which good heating discharges often
accompany Dy/H, burst activity (full circles and triangles). The
increment of Bp from the ohmic level divided by the injected power is plotted
as a function of Ip_z, i.e., the net plasma pressure increase per unit
injection power (heating efficiency). All the data points are the 3 or 4 beam
injection case. Power lost by shine-through is typically <15% at‘Eé > 4x1013
em™3 and data points are chosen at'gé > 3.5x1013 em™3, The lower broken line
corresponds to the envelope of the better limiter discharges with D shape
(elongation Kg~1.4) (squares). The upper line corresponds to the best results
obtained so far in the equilibrium shown in Fig. 1 (at I, =350ka, ABP/PINJ =
0.4 has been obtained with Ppyj = 1.2MW ; not shown). Roughly, a factor of
two improvement is obtained if compared with the best data and limiter
discharges. However, in contrast to [5], the heating efficiencies distributed
from the L-mode close to the limiter discharges to the best H-mode

continuously, although the same configuration (Fig. 1) was employed.

Several discharges have transition phases during NBI between the L and H
modes; a particular case which showed a clear transition from the L to the H
mode during NBI (like ASDEX) or the H mode discharges which turn over to the L
mode by small additional gas puffing or one of the beams turning off.

However, no appreciable change in the characteristics of the Mirnov
oscillation were observed at these transition phases. Arrows in the figure
indicate shots #33704 and #33318 which are discussed following section.
Sometimes in lower q,* discharges, very sharp D,/H, bursts were observed just
at the time of sawtooth relaxation. These bursts are excluded in this paper,
since their origin are thought to be different (induced by heat pulses due to

classical sawtooth relaxation driven by internal w=l activity).
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4,1 Modulation of Plasma Parameters Due to the Bursts

Almost all the major parameters are modulated by Dy/Hy bursts. Since
many of the signals are digitized in relatively slow sampling rates (order of
msec) as described in Section 2, it is basically difficult to distinguish

between cause and result.

Figure 7 shows the same dis;harges as shown in Fig. 4 in an expanded time
scale. Ee signals of the inner wall (82180°) show a clear burst at the
beginning of Dy/Hy bursts, while the outside ES (620°) is unclear due to the
presence of a large Mirnov oscillation of =3,4 coupled with the same
frequency of the internal m=1 mode (SXFR22). (Sawtooth activity with m=l
oscillation is sometimes referred to as "classical sawtooth™ in this paper,
although usually somewhat modified from the pure ohmic m=1 oscillation as
described in Sec. 3). 1In genmeral, D,/H, bursts are excited independent of the

existence of the internal m=1 mode and associated sawtooth oscillation and

Mirnov oscillation {(Figs. 3 and 7).

Toward radial motions of the plasma column which correlate to the bursts
are also observed as shown in Fig. 7(b). The maximum displacement in Fig.
7{b) amounts to only ARP SO.ch and is small enough to the gap between the
separatrix surface and the limiters based on equilibrium calculations
(Fig. 1). The vertical shift Z; is SO.lcm. These plasma motioms are

linked together to the change in Bp and to the change of inductance.
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~

Figure 8 shows an example of electron temperature modulation (Tg)
measured by a 20, grating radiometer. Marked T dips correspond
to each burst. Classical internal disruptions at t=760 ms and
840 ms with m=1 oscillations are also seen. There is a possibility of
overlapping harmonics component in 2§, measurements. The intensity
could be affected only in regions of R>20cm (major radius > 163cm) by the 3Sie

component in these cases.

Figures 9(a)-9(c) show the modulaion profiles of T, and soft x-ray
emission at Dyg/Hy bursts and at classical sawtooth for comparison. %e/Te (2%0e)
at bursts and at sawtooth are plotted in Fig. 9(a) for shot #33704 (Fig. 8).
Figure 9(b) shows the vertical profile of the soft x-ray intensity modulation
(;/A) for shot #33318 indicating >100% near the edge. The comparison of the
magnitude of %e and X are shown in Fig. 9(¢) for similar discharge parameters
as shot #33704. The top figure is a Ee/Te (2Q.0) profile at sawtooth and
precursor w1l oscillation; the second graph shows the radial profiles of %e/Te
and E/A at the burst; and the bottom one shqws the vertical profiles of K/A
at sawtooth and burst. These observations are summarized as follows:
oscillation amplitude increases largely at the outer region and even the
central part T, is modulated by several percent {cf. Ref. [7]).

Unlike the classical sawtooth, no inversion of the phase is observed within

the region covered (arrows in Fig. 1(a)). While a large increase in divertor

electron temprature at the burst is reported in ASDEX[14].
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The line average density measured by tangential and vertical CO,
interferometer arrays did not indicate any evidence of?l-e modulation by bursts
in excess of the inherent fluctuation level dﬁe of < 0.1x1013 cm™3 with 0.5ms
time resolution as shown in Fig. 10. This result is different from the one
observed in ASDEX in which the radial line integrated density was modulated by
the bursts [7].

The amount of plasma energy released (ﬁ) are estimated to be at least
2-3% of total energy per burst, based on the above measurement of the electron
component. Fluctuations in the corrected diamagnetic signal indicates
G/W of 1-5%, although similar fluctuation levels due to thyrister noise is
also present. The overall effect on W due to the presence of bursts
is evaluated as (TE/At) (;/W) and typically =10%, here Ty = 50-60ms and
repetition of the burst At = 10ms is taken as rough numbers. In other words,
the maximum Bp (or W) could be at least 10% higher for these burst dominated

discharges, if the burgts were suppressed.

Charge exchange fluxes are also affected due to the bursts. Figures
11{a) and 11(b) show the time evolution of raw neutral particle counts for
different energy and species. Not only the slowing down component of the H
atom (injectioh energy is = 72%*lkeV in this case), but also bulk thermal
components of deuterium are ejected correspond to each Dy/Hy burst. In the
case of Fig. 3 there is no clear correlation with Dy/Hy bursts. Although the
spatial birth position of these fast and thermal neutrals are not
self-evident, increased edge neutrals and their penetration seem to be
responsible for these c.x. bursts. The reason for a time delay of 3-4ms from
a Dy/Hy burst to a c.x. burst as shown in Fig. 11 is not clear at

present.
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Figure 12 shows that the bursts are also observed in the bolometer array

(line-averaged radiation and c.x. flux) signals, especially near the divertor

region. Increments of the total radiation power of 0.5-1MW and 30-50% of

those from the divertor region are measured, if the pickup effect due to

~

B is assumed to be small.
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4.2 Mirnov Oscillation at Burst

There is no apparent correlation between sawtooth activity or Mirnov
oscillation and the burst onset as described previously. However,

~

whether there are any common features in detailed structures on Bg or mot

is discussed in this section.

Figure 13(a) shows an exmaple of the ga signal at two bursts (t=845ms
and 860ms) for shot #33704. Marked bursts in g@ at the inner side
(90° < & < 240°) are observed at the beginning of the Dy/Hy burst (in Fig.
3(a) also). Figure 13(b) and {(c) correspond to a relatively qulescent phase
(no particular mode structure is found) and a clear m=3,4 oscillation phase in
expanded time scale. Neither a characteristic structure nor any phase
relation is found at these initial Dy/H, burst growing phases t=844.7ms

— 845.5ms in (b) and 859.4ms -860 ms in (¢) within the 10usec time

resolution. It simply indicates the oscillation is turbulent or a higher

frequency component could dominate in this phase.

Although the time resolution of the Dy/Hy signal (0.5 ms) 1is not small
encugh to identify the exact timing of the Dy/H, burst onset, Fig. 14 shows
the phases which cover the time period from just prior to the Dy/H,y rise to

the beginning of the rise. The figure shows the existence of a specific

one cycle m=n=0 (all in phase) oscillation with a 17-25kHz at 200-500us

intervals.
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Figure 15(a) is a plot of Es amplitude of the w=0 phase with respect to
the poloidal angle. Relatively large amplitude modulation is found at 6 =
120° and 240° which correspond to the corner of the triangular plasma shape
(Fig. 1). The actual distribution of the poloidal field at each magnetic
probe position in these elongated divertor shapes is shown in Fig. 15(b) which
is obtained from time integrated Ee signals. The characteristic pattern of
Bg is shown as follows: weak Bg near the separatrix surface intersect to the
wall and the difference between the inside (& = 180°) and the outside (8 =07%)
becoming small at the high 8, phase. Figure 15(c) shows the EG/BQ profile thus
obtained. The perturbation is found to be highly localized near the divertor
region (9=240°). Similar but less pronounced oscillations are already present
even during the quiescent (no burst) phase, as shown in Fig. l4. Therefore,
these perturbations may bring about a burst when the amplitude becomes large.
A similar perturbation profile is obtained even at the =3 ,4 dominant
phase as shown in Fig. 16. The EB/BS profile at the nearly regular
sinusoidal Mirmov oscillation (cirele) and distorted phase {(triangle) are
shown and again Ea/Ba has a pronounced peak near the divertor by an order of
10%. The same oscillations were also observed at this time in the fast

response soft x-ray signals. However, due to the weak signal-to—background

ratio, the internal structure cannot be specified.
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5. Discussion and Summary

No definite conclusion can be drawn about the trigger mechanism which may
be responsible for the Dg/Hy burst except that m=n=0 perturbations with an
order of several to 10% seem to be possible candidates as a precursor type
activity. No other Mirnov activity with a growth rate slower than several
tenth of a usec and with a low m (O<m§6) number prior to the Dy/H, burst
has been observed. Since we have almost no information on the activity of
scrape—off plasmas except that an order of 100kHz oscillation was detected on
the saturation current of the Langmuir probe signal at the divertor plate, the
possibility of some kind of electrostatic activity in the scrape-off region

cannot be ruled out.

As a result of this study the following conclusions may be made:

H-mode divertor discharges usually accompany large Do/Hy bursts which
bring a large energy loss of at least 2-3% of total energy per single
burst. Prior to the burst, a specific w=n=0 oscillation which was highly
perturbed near the divertor region was observed. So far, no other particular
MHD activities except the D,/H, burst which determines the global confinement

characteristics has been found.
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Figure Captions

Fig. 1 Divertor configuration (results of MHD equilibrium calculation)
used in this study. Eleven internal magnetic probes are
isntalled every 30° from 300° to 240°. The regionms
observed by tangential and vertical soft x-ray arrays are
indicated by arrows. Limiters (outside primary, top backup and
inside NBI armor tiles) are shown as shaded area (a).

(b) corresponds to the case discussed in Section 4.
The gap between the separatrix magnetic surface and the limiters

is 3-5cm.

Fig. 2 Operational regime expressed in terms of BT—BP diagram obtained in
the divertor configuration shown in Fig. 1. qgz* is simply given as
(Br/uglp) (2ma2/R) (14k%.)/2. The shaded region corresponds to the

threshold of the onset of fishbone activity reported in i3].

Fig. 3 Time evolution (800-880msec) of one of the H-mode discharges.
Parameters are: By = 1.8T, Ly = 0.49MA, Eé ~ 4x1013 cn73, Bp = 1.3,
Br = 1.7% and Pyyj = 4.4MW. (a) From top to bottom:
;e (6=180°), EG (8=0° most of the Ea bursts are saturated due to the
amplifier gain); soft x-ray fluctuation at z= —-4cm (SXRF22); DofHg
emission near the primary limiter (HALPALIM), perpendicular c.x. flux
(1ms sampling time) of slowing down beam particles with an energy
range between 61-64keV (TPRP 61-64H); and thermal deuterium ions with
1-3keV (TPRP 1-3D); soft x-ray emission from the central region
SXRS25) and half-way from the center(SXRSZO); and neutron emission

with several to 10ms time resolution (NEUTI2).
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(b) One of the By bursts in expanded time scale. 20kHz oscillations are

seen both in Bg (8=0°) and soft x-ray emission (z= -hcm).

Fig. 4 Examples of H-mode discharges with typical Do/Hg bursts. Traces
are from top to bottom : Dy/Hy emission looking at the main plasma
(HALPHAU), near the primary limiter (HALPHALIM) and near the divertor
x-point (HALPHAM), soft x-ray emission from the central region (2=0,
SXRS25) ang galf-way region (z = +24cm, SXRS20), diamagnetic raw
signal (“:51 (l—BP); plasma pressure increases downward,
DIAMAG), gas puffing rate (GASPFA) and number of injected neutral
beams (BEAMPOWER), respectively. All signals in arbitrary units.
The SXRS25 signal is saturated at t=890-960ms in (a). Discharge
parameters for (a) #33704 : I, = 0.62MA, By = 2.3T, ne = 4.7x1013

em™3 and Pryy = 4.5MW; and (b) #33318 : I, = 0.49MA, By = 1.8T, ne

= 4,5x1013 em™3, Pryg = 4.4MW.
Fig. 5 Onset region of Dy/Hy bursts in terms of relative intensity AI/I of

D,/Hy (HAPHAU) burst vs. 8, for different I, and Br. Line-connected

points indicate the presence of bursts during those Bp changes.
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Fig. 7

Fig. 8
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Increment of Bp per unit injection power (ABP/PINJ) with respect

to Ip_z. Full and open symbols correspond to discharges with and
without Dy/H, bursts, respectively. Pyyy = 3.2-4.5MW. Circles

and triangles are discharges at Bp = 2.3T-2.4T and 1.8T with divertor
configuration shown in Fig. 1. Square points are obtained in simple
D shape (ky~1.4) plasma at By = 2.4-2.3T. Arrows are the shots

described in Sec. 4.

Expanded signals of the discharges shown in Fig. &4 {800ms-880ms) .
From top to bottom: Dgy/H, emission near the primary limiter;

Ee signal at 6 = 180°, Ee at 0 = 0°; high frequency component of soft
x-ray signal at z = -4cm (SXRF22); soft x-ray emission at z = Z4emy
radial position indicator (imnward shift corresponds to downward,
RPA); vertical position indicator (upper direction upward, ZP);

and hard x-ray monitor without lead attenuation (HXR-UP-2),
respectively, in arbitrary units. (a) : shot #33704, and (b)

shot #33318. The signal is saturated at t > 820ms in Bg

at 6 = 0° in (b) and part of Bg and SXRF22 in (a).

Fluctuations in Tg evolution measured by multi-channel 28lce grating
radiometer. Corresponding to classical sawtooth activity (SXRS25
signal is saturated at t>890ms) and the Dy/Hy bursts {shown in the
top figure), Te modulation is clearly seen. m = 1 oscillation was
also detected. Data is shown for R = 6.3cm, and -llcm in arbitrary

units. Shot #33704 (750ms -950ms).



JAERI-M 83-171

Fig. 9 Modulation profiles of electron temperature and soft x-ray emission

at Dy/Ha bursts and classical sawtooth relaxation, including phase
relations (upward is taken to be a decrease of Tg and A). (a) shows
the radial profile of ;e/Te measured by 2fce. Circles and squares
correspond to sawtooth and Dg/Ha bursts respetively, for Shot #33704.
(b) shows a vertical profile of the soft x—ray modulation (;/A)

at the burst. (c¢), from the top figure radial profile of %e/Te
(28ce) at the sawtooth with m = 1 oscillation, radial.profile of

R/A and Ee/Te at the burst and a vertical profile of X/A

for a discharge similar to shot #33704.

Fig. 10 Line-averaged electron density measured with COy laser
interferometers at 800-880ms, showing n. From the top: vertical
line integral (CO2V) and tangential line integral with torus tangency

radius Ry=102cm (COZA), R,=167cm (Co2B) and R,=179cm (CO2D). Imn

arbitrary units.

Fig. 11  Modulation of a nearly perpendicular c.x. flux (raw counts) due to
the bursts. From the second figure, the slowing down component of a
beam ion with energy of ~48keV, ~62keV and ~64keV, and thermal
deuterium ions with ~1.6keV and ~2.6keV are shown for shot #33704 (a)

and #33318 (b). The sampling time of c.x. is 1 ms.
Fig. 12 The time evolution of the bolomeer array signals during the four

bursts (t = 820ms =-870ms). The 5 left channels looking at the

divertor region and ch. 5 —ch. 19 correspond to the main plasma.
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Fig. 13 Mirnov oscillation at two particular bursts at t = 845ms
and 860ms for shot #33704. KFigure shows from top to bottom:
Ee at 6 = -60°, -30°, 0°, 30°, 60°, 90°, 120°, 150°, 180°, 210° and
240° (see Fig. 1(a)). The expanded time scales for the quiescent
phase in the 6 ms full scale (840-846ms) (b) and the large Mirmov

oscillation phase in 3 ms full scale (858-861lms){c).

Fig. 14 Bg signals including 6 = 0°, y = 75° (top figure) exhibit ome cycle

m=n=0 oscillations at t = 843.6 - 844.6 ms of Fig, 13(b) prior to the Bg

burst at t = 844.7 ms. The sampling time is 10us.

Fig. 15 (a) Poloidal gg amplitude distribution of w=n=0 oscillation at
844 .4ms of Fig. 14. gg (Tesla/sec) and Eg (Tesla) are used in the
same symbol as Ee in this paper. (b) Time-averaged Bg field distribution
at ohmic (650ms) and NBI (850ms) phases. (c) Eg/Bg distribution.

Angle 6 is defined in Fig. 1(a).

Fig. 16 A similar plot to Fig. 15(c) during the large Mirmov oscillation
excited phase (Fig. 13(c)). Regular sinusoidal oscillation phase
(circles) is shown as a comparison with the distorted phase

(triangles 859.4-859.5ms).
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