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MAGNETIC DIAGNOSTICS ON THE CASTOR TOKAMAK

M. Valovid¢

Instituie of Plasma Physics, Czech. Acad. Sci., Pod voddrenskou véZi 4, 182 11 Praha 8,
. Czechoslovakia

Plasma position and Shafranov eccentricity factor is measured on the CASTOR tokamak
using magnetic probes. Evolution of eccentricity factor is illustrated on discharge with auxiliary
non-inductive current-drive by lower hybrid waves.

1. INTRODUCTION

Magnetic measurement of the plasma position in tokamaks with a circular
cross-section is based on the Shafranov analytical expression for poloidal magnetic
field around the plasma in the MHD equilibrium [1]. Measuring this field the eccentri-
city factor A = B, + 4I; can also be determined. Here §, denotes poloidal beta and
I; coefficient of internal inductance. The plasma position refers to the centre of the
cross-section of plasma boundary. The boundary is defined as the magnetic surface
on which plasma pressure is zero. In a real experiment it is represented by the outer-
most surface which does not yet intersect the limiters. Moreover, it is assumed that
during the displacement its circular shape is not deformed.

One of the possible techniques how to determine the above parameters is to
measure the local values of poloidal magnetic field at four points around the plasma
and an average vertical magnetic field in the vacuum chamber [2]. This method is
used in the present paper. :

2. DIAGNOSTICS

CASTOR tokamak has radius R, = 04 m and radius of circular limiter aperture
a;, = 85 mm. In this experiment, toroidal magnetic field was By = 1-3 T. Basic
elements of the poloidal magnetic field system are shown in fig. 1. The iron-core
transformer has two limbs. The vacuum vessel is surrounded by 10 mm thick copper
shell with inner radius of 117 mm. There are six diagnostic ports so that 149} of the
plasma length is not shielded. Outside of the shell are placed two external quadruple
coil systems which generate static vertical By and horizontal By magnetic fields,
One internal system inside a shell generates vertical field proportional to the primary
current.

The scheme of the measurement is shown in fig. 1. The signals are taken from
seven diagnostic coils (tab. 1). Plasma current I, is measured by a Rogowski coil
wound outside the shell. Poloidal magnetic fields B,(¢) are determined by Mirnov
coils placed at minor radius b = 110 mm (q) = 0, in, © and —J= for outer, upper,
inner and lower coils resp.). An average vertical magnetic field along the torus

Czech. ). Phys. B 38 (1988) 65



M. Valovié: Diagnostics on CASTOR tokamalk . .

tz)
POLOIDAL
FIELD
CoiLs
MIRNOY
colLs B
SIGNAL
CONDITIONING
» lp'B]'BZ'Bz‘Bz
AMPLIFIERS
By.By
/17
K CAMAC
; s TH DIGITIZER
i S DISK i
! » ‘ CORRECTION | - | sM 4120
i SIGRALS - MINI COMPUTER
|
By Byl

. Fig. 1. CASTOR tokamak poloidal field system and block diagram of the magnetic measurement

B, is measured by two loops at R = Ry + b, z = 0. One of these loops also deter-
mines the loop voltage U,. One saddle coil measures the local vertical magnetic
field B, in the cross-section of the Mirnov coils.

Table 1.

. Diagnostic summary.

Coil - - S Sensitivity v

Rogowskj 3.5 % 10° A/Vs
p=20 . 4-0 T/Vs
. T . T9T/Vs
Mimov. © o T2T)Vs
—1n 65 T/Vs
B, loops 17 T/Vs
saddle 65 T/Vs
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“The signals from coils are weighted, summed and passively integrated. This
conditioning also includes rough compensation of errors from toroidal magnetic
field. The signals together with values of static fields are then digitized in the CAMAC
and processed in minicomputer. In the first step, toroidal field is eliminated using
correction data stored on a disk memory. In a second step, eccentricity, horizontal
Ag and vertical 4, displacements are determined from' Shafranov equations:

M , A=<ﬂ_*z>_ﬂi°__n9+1

2 Byb a

B b a?\] b2
Ap="L . b—3|ln-=—1+(U-D(1+Z)]|= ‘
® aB, Zl: a ( 2)< b2>JR0
AZ=BZ.b

2B,

o = ay — (43 + A2)V2,

Here B; = B,(r) — B,(0), By = By(—1in) — B,(in), By = pel,[2nb, po = 4n x
x 1077 Hfm. It is assumed that |4 — 1|. aJRy < 1, 4g < band 4, < b. The system
(1) is solved iteratively with the first guess @ = a;, until the relative change of a is
less than 17{. Thus an absolute numerical error of +0-01 in 4 and +0-1 mm in Ay
is ensured. B )

In formulas (1) the modulation of the poloidal magnetic field along the torus is
not considered. In CASTOR tokamak, however, it is substantial. The modulation
is produced by the limbs of the transformer and by the diagnostic windows in the
copper shell. In this case the local value B, in equations (1) must be replaced by its
averaged B, along the torus. If the modulation is small it can be simply determined

as [3]: B, = B, + 2(B. - B.).

[an.]

t [ms]

Fig. 2. Diffusion of the vertical magnetic field through the copper shell: B,y — current in the

quadruple coil systems normalized to the magnetic field in the vacuum chamber, B.;, B.., B.;.

B, — fields measured by loops and saddle coil, respectively (indices i, e refer to the fields generat-
ed by internal and external coils, respectively).
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We made some attempt to find the modulation caused

results are summarized in fig. 2. Both external and interu::ly\f:;czcl)%ifl:crl (S;hiﬂ- e
cha_rged by a pulse from the primary current power supply. It is seen from w: . waere
(if .Bz and B, that during the plateau BZ/EZ & 0-3—0-4. Note that even at the beve' Or'm i
B, is about (30——40)% of its full value. Therefore physically much more of the illl::mg
length remains unshielded than it is determined from the geometry of the windo?va;
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Fig. 3. Magnetic data from ohmic discharges without (a) and with (b) improved vertical equi-
librium field.
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3. PERFORMANCE

An example of the magnetic measurements on ohmic discharge without gas
puffing is shown in fig. 3a. The most remarkable observation is the inward movement
of the plasma column. This magnetically determined plasma position was cross-
checked by a simple method using the floating potentials of the limiters. CASTOR
tokamak has two C-shaped limiter segments divided by a vertical gap. If dg = 0,
inner and outer limiters have the same floating potentials. For 4z > 0, outer limiter
is immersed in the plasma with higher electron temperature than inner one and thus
the potential difference between inner and outer limiters, AU, is positive and vice
versa. By this method the position Ay = 0 is justified with an accuracy of 5 mm and
also an inward movement of the plasma is confirmed.

A better plasma position is obtained when time-dependent vertical magnetic field
is applied instead of B,. Such shot is presented in fig. 3b. Slower fall of the line
averaged electron density 7, shows improved particle confinement.

Upward plasma movement is the feature of all discharges. Applying various By
alters only the bias but not this tendency. It is caused by a horizontal component
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Fig. 4. Magnetic data from ohmic discharge with auxiliary lower-hybrid-current-drive (LHCD).
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of the stray magnetic field which is produced by an asymmetrically placed air gap
in the iron core.

Further magnetic data were taken from ohmic discharge with auxiliary non-
inductive current-drive. In these experiments electromagnetic power from magnetron
(40 kW, 1-25 GHz) is launched into the plasma via a phased waveguide array to
excite lower hybrid waves with a mean phase velocity directed along the torus.
The momentum of the waves is transferred to the electrons by Landau damping and
thus non-inductive current is driven. For details of lower-hybrid-current-drive (LHCD)
on CASTOR tokamak see [4]. '

Evolution of eccentricity factor during LHCD is shown in fig. 4. Its large increase
A4 ~ 0-6 with initial rate of rise 4 ~ 1-6 x 10% s—1 is caused only by the change of
B, because of logarithmic dependence of I; on the plasma current profile. From AB,
a mean longitudinal velocity of electrons accelerated by the wave can be estimated by:

2

U”E'Mi I—”z7x107m/s.
dam P I

Here I is noninductive current determined from the voltage drop AU T =1 AUy :
:UL = 3kA, e and m are electron charge and mass. This value is approximately
equal to the phase velocity of the wave. Absorbed power corresponding to Bp is
P =~ 7kW. Since the current-drive efficiency is

IR <n
y = IRo(1e) ~ 005 x 10 Am™2 W1

where {n.) = 0757, =~ 0-24 x 10'° m~3 is volume averaged electron density. This
value is in good agreement with observed efficiencies [5] (central electron temperature
estimated from Spitzer conductivity is 200 eV in our experiment). It must be noted,
however, that such good consistency beiween AA and AU, is not obtained for
another 4g. It can be explained by the well known sensitivity of the antenna space
spectrum on the density profile at the plasma edge.

4. CONCLUSION

Magnetic measurements on the CASTOR tokamak showed that a careful control
of the plasma position, especially during the current-drive experiments, is necessary.
From evolution of B, + %I; during the non-inductive current-drive useful information
can be drawn.
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