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Characteristics of high-B tokamak plasmas of a circular cross-section
are investigated experimentally and numerically with qa=2—4, R/a=3.5-4.75
and NBI of 0.8-1.2 Mw. The observed maximum [ value at the axis is 7 % due
to the thermal component and 10 % including the beam component, and the

volume average B is 2.6 % and 3 %, respectively. The cobserved B values

including the beam component are much higher than the critical B values
obtained from the ballooning analysis and the B values only due to the thermal
component are slightly higher than the critical wvalues. The mhd activities

and impurity behavior are modified by NBI but the observed modifications are
not due to a high-8 effect. Ion and electron confinement characteristics are
very similar to those in a low-f tokamak. Concluding the result, no new

behavior is observed in the high~B tokamak plasma.

Keywords; JFT-2 Tokamak, High-8 Tokamak Plasma, NBI Heating,

Critical B value, Ballooning Mode, MHD Activities, Impurities

* Institute of Plasma Physics/Nagoya University, Nagoya, Japan



JAERI-M 9065

JET— 28U HE~— A W5

8 AR F AR EB R BN ARG TR

TH %x-8BA L£F-LEOH
T RES SR EREN S
SEBRF LR BE- LA B
W R - RAE U - I ER
AR T RS BWeRAR K
WG Rk -EL AT AR S
B EW - EF i - A% B ’
Gy A - EE k- mE i
BB FE - EE-EE B ?
KH EE FA EH- R B4

BB HEA-MEEZM-RE B
BEE E=m.EH 0 E-fin sk
ESEEN-

(1980 /£ 8 A 11 B3 #)

T b v ) D~ —4 75 A OWEE, 4= 2~4, R/a=35~475 08~
L2 MW Ot FAS ORHE F T, EREE L CERN TR Lic, BllSAL~-2{E
. L TEALERS T % € — ARSHEE Y T 0%, BLEKS ORETFHEEE 26 BE 4
HAEBDTIBTH oce ¥~ bESEBDIN - FER, V-2V IHFLOBS
NeBER~N—FE LD bABICAS L, BEMEID LASAMEATT, NBLi, MHD ‘
DUE X CRMIAD 55 % VIEEAE A5, CNSOEBRA~-2KLE6DT *
I, A4 Y BIUOEBT OB ULADEH RE~— 2 OFEICS b THL, HRERS
FRL. BB NHTY T I RTICBNTH LOBREBH SN Ih 5 1,

« EHEBEAES T XvOEFES



JAERI -M 9065

Contents

1. Introduction-————~————————— e o
2y VBTG = o e e o
3. Transport——————=r————— e
4, Impurities——————=————— e — e
5, MHD activities———————————————— e e
6 v SUME Y Y m e o e e e e e e e e e e e
Acknowledgemen 58 —————— mm e e e
Ref e el Ceg— i m e e e e e e e e e e

H 74

1. B TR T TTTITRITRTSPPEY
O e
3 B s a T R L P P TSTIITREs
A R B Bereeenrneeeere e e s
B, M DFE Bl erevrerrererenseomissmimmm ettt s o s bt e s
B & O LIS TIIE PR PRI

e B e ettt e e



JAERI-M 9065

1. Introduction

A high-B plasma will be required in a future tokamak reactor.
Therefore it is essential to obtain a high-B tokamak plasma and
characteristics of the high-B plasma have to bé investigated. These
problems have been studied experimentally and numerically and the
results on a circular tokamak are reported here.

In the experiment, circular tokamak plasmas with a wide range of
plasma parameters, i.e. Rfa=3.5%4.75, q4=2.0+4.2, ne0=(2.5%11) x
"jU.')]'ch-3 and B, =0.95%1.4 T, are heated by NBI of 0.8-1.2 MW. The
NBI system which was installed to the modified JFT-2 [5] in March 1980
consists of a co-injector and a counter-injector(Fig.1l). Each beam line
injects a half of the total input into the torus. The experimental
datas are analyzed by using a tokamak code including NBI, neutral

particle transport and the mhd activities [2, 3]. The eritical B value

from the ballooning analysis is very sensitive to a plasma profile.
In this paper, the critical B value obtained by optimizing the plasma
profile [1] is rather high, e.g. the average 8 value is 2.5% with
R/a=3.5 and qz=2.5 and the peak 8 value 7%. These values are
compared with the experimental values.

In this paper, B values, ion and electron transport, impurity
behavior, plasma-wall interactions and mhd activities in a high-8

tokamak plasma are discussed.

2. B~ value

The NBI heating of 0.8 -1.2 MW is applied to an ohmic plasma.
Typical time behaviors of plasma characteristics are shown in Fig.Z2.
After starting NBI, loop voltage decreases, lon and electron temperatures
increase and also plasma density increases because of an intense gas
puffing (Fig.2-c). The line intensity from metallic ions increases
during the firét 25 ms and reduces. This behavior will be discussed
in Section 4. The radiation loss power is mainly due to oxygen and is
about 20% of the total input power during NBI heaﬁing. The peak B-value
B0
the beam component. Plasma profiles at 25 ms after starting NBI are

increases up to 7 % due to thermal component and up to 10% including

shown in Fig.3-a and the volume average B-values <8> is 2,6 Zdue to

the thermal component and 3 %. including the beam component.
._1._
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In Fig.4 observed B-values are compared with the critical f-values

obtained from the ballooning analysis. An optimized pressure profile

at the critical value is compared with the experimental data in

Figs. 3-b and.3-c. The observed total B values including the beam

component are higher than the critical f-values in many discharges,

e.g. the maximum BO and the maximum <8> are 1.7 aﬁd 1.3 times higher

than those critical values, respectively. No new behavior is

observed in such a high-8 plasma as discussed later. Therefore, it

can be said that the high n ballooning mode does not limit the 8 value.

However, it must be noted that the maximum thermal £ values are only

slightly higher than the theoretical values and, moreover, the EP value

measured by magnetic probes is equal to the thermal ﬂp within experimental

errors. These results suggest the anisotropic fearture of the beam component.
The parameter dependence of the observed B-values on the safety

factor q, seems similar to those of theoretical values (Fig.4), This

parameter dependence, however, is due to the characteristics of the

convent ional tokamak discharges and not due to the high B characteristics,

i.e. a higher-B plasma is easily obtained in a lower-q plasma. From

these results, it can be said that a higher Pf-value may be obtained by

increasing the heating power.

3. Transport

The observed temperature and f-value are analyzed by using a
tokamak code including, NBI heating, neutral particle transpert and
the sawtooth effect, The density and temperature
profiles and the parameter dependence on plasma density and toroidal

magnetic field By are well explained by the tokamak code with the same
2

heat conductivities as in ohmic plasmas; ){e==2.0><1017/ne em®s™1 and
Xi=1.5 Xpeo Where n, is plasma density in c:tn_3 and X e0 the neoclassical
value.

The density clamp as observed in ISX~B with the NBI heating [4]
and in JFT-2 with the LHR heating [5] is also observed in this
experiment. In a helium discharge, however, the density clamping is not
observed (Fig.6).The phenomena is related to particle recycling at the

first walls, rather than the enhancement of the particle transport.
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1
The transport analysis with D, =8*10 6/ne cmzls, which is the same
value in an ohmic plasma, supports this explanation.

Therefore, we can conclude that the particle and heat transport

coefficients are not changed in a high-B plasma.

4, Impurities

In usual cases, the metal impurities such as Ti, Fe and Mo
increase with a high-power heating. This increment can be suppressed
by an intense gas puffing. The edge cooling is observed with the
intense gas puffing. And the metal impurities decrease during the NBI
heating phase in the optimized condition as shown in Fig.7. Therefore,
it is reasonable to consider that this reduction of metal impurities
during the NBI phase is due to the reduction of influx rather than the
change of transport.

Arcing is not observed during the NBI heating as in a stable

ohmic plasma. In a helium operation, the increment of the metal
impurities are higher than those in a hydrogen operation. These results

show that the ion sputtering is also the dominant metal impurity source

as in an ohmic plasma [6].

5. MHD activities

The mhd activities are modified by the NBI heating as shown in
Fig. 5. The larger amplitude and longer repetition time of sawtooth
oscillations are observed (Fig. 8-b) but can be explained by the same
mechanism in an ohmic plasma. The sawtooth oscillations are strongly
deformed (Fig. 8-¢c, d, e) and completely disappear in an extreme case
(Fig. 8-f). In these cases, a large m=1/n=1 mode is observed. These
phenomena-are not well understood but are observed in a low-8 plasma
in some cases [7]. Therefore, these phenomena are not due to a high-§
effect,

The m=2/n=1 tearing mode can be suppressed by the heating

(Fig. 9. This effect is explained by the profile change due to NBI

heating.
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6. Summary

High-f plasma up to BO=1OZ and <P>= 3 % are stably obtained.
These values are higher than the critical 8 values from the ballooning

mode analvsis. No new adverse effect on plasma confinement is observed.

Therefore a higher B value may be obtained by optimizing the heating

conditions.
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p : lon temperature measured by a cx analyser.

A : Ton temperature measured by doppler broadening of titanium
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¢ : Electron temperature measured by Thomson scattering
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average B-value is 2 g% due to thermal component and 3%

including beam component.



JAERI-M 8065

o
-
e
™
i
<B> (%)

Bo (%)
~

| I [
0 3 4 5 0
R/a
B {b)
10 .o o
B [ ]
[ ] - .. .. _,4
i - %% e et 3
27 Bo22z2z7777 3
- o0 © 0 —
< °r %& e
e
- - 2
N
- R/7a ~ 3.6 -
1 | 1
0 2 3 4 ©

Fig. 4 Critical B values obtained from the ballooning analysis and
observed B values. R/a: aspect ratio, q,: safety factor,
80: peak B and <B8> : average B. QA due to thermal component
and @4k: including the beam component in experiment.
22227 . critical peak B value from the analysis and
7777 : critical average B value. The lower lines indicate

the critical values for q0=1 and the upper lines for q0=0.9.
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Fig.5(a) The peak f values and the peak temperatures. Solid lines
indicate numerical results with y =2x 1017/n (cm_3) cmz.s-l,
- 16 - 2 -1 °©
Xi—l.S X100’ Do=8x10""/ngp{ecm ) cm's ~, a=25 cm, Ip=l30 kA,
B, =1.1 T. Experiment is done with Bt=1.1 T, Ip=}.20’b150 kA,
and a=25 cm (O®) and 2a=21 cm (O®).

(b) The thermal peak B values and temperatures. Solid lines
indicate the numerical result. Numerical and experimental
conditions are the same in Fig. 4-a except By, a=25 cm and

ngg = (5+7) % 1013cm-3.
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Fig. 8 Fluctuations, @: PIN diode signals from the central chord,
QD: PIN diode signals from the off central chord, C): Poloidal
field fluctuations. (a) ohmic plasma, (b)~(f) with NBI and

almost the same operation conditions.
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NBI

Fig. 9 Suppression of m=2/n=1 mode by NBI.



