ADbstract

Internal magnetic field fluctuations and equilibrium
poloidal magnetic field have been measured in the MST
reversal field pinch by a 11 chord far-infrared polarimeter-
Interferometer system with frequency response up to 1
MHz. Fast time resolution and low phase noise of the
polarimeter enable us to resolve m=1 resistive tearing
modes as a precursor to the sawtooth crash. Turbulent
magnetic field fluctuations up to 100 kHz have also been
observed. The chord-averaged radial magnetic field
fluctuation level isabout 33 G or 1%. A broad power
spectrum peaks at 10-20 kHz and is dominated by m=1
magnetic field fluctuations. By computing the coherence
between two toroidally-displaced chords, one can

determine the toroidal mode number and rotation speed.
The phase of radia magnetic field fluctuations lags
poloida magnetic field fluctuations by 90 degreeswhich is
In agreement with MHD computation for MST. Magnetic
field fluctuations are reduced by afactor of four during a
high confinement PPCD discharges, consistent with energy
confinement improvement.
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Polarimetry Technique

 Two counter-rotating circularly
polarized FIR beams arelaunched into
plasma. The phase difference between
two beamsisproportional to Faraday
rotation angle.

A%e’
- 8n’c® &

W=y)2 > [NeBy, dz=2.62x107°A*[n, B, dz
Me

« Faraday rotation angleis proportional
to the product of electron density and
magnetic field along the beam direction.

* Interferometer gives electron density by
measuring the aver age phase of two
probe-L O mixing products.
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3-Wave Laser Polarimetry
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Faraday Rotation Fluctuation

m=1 activity, fluctuating amplitude 0.1-0.2 degree
in phase between x=-2 and 13
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Coherence

Fast Polarimeter Correlation
with M agnetic Call

Faraday rotation -Magnetic fluctuation at wall coherence
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Central Chord Density
Fluctuations

PO6 interferometer chord
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|| Magnetic Fluctuation Signal Analysis ||

Faraday Rotation A
W(xt) = ce [n(r,)B,(r,x,)dz B g
linearize the equation using
Wx,t) = Wy (x) + H(x)
n(r,t) = ny(r) +n(r,t) 0
B,(r,x,t) = B,,(r,x,t) + ézl(r,x,t)

W, =c. I n,B,,dz,

§ =c [ [71B o0z + [ ézlnodz]

X - 0, B, =B, cos = Be? 21B, = 1 J(0) m?,

C I n,B,dz = 0.5c. ,uOJ(O)xJ’ﬁldz <0.02° aax=7cm
(J(O) =20 x10° A/, [f,dz =10" m‘z)

For m =1 mode, I ndz= 0. For central chords, cosf =0,sinf=1,
we have

qu = Cp U ézlnodz] = CFJ'(I§>r sng + f%e cos@)nodz = CFJ' I§r (r,t)n,(r)dz
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For these edge chords, B,, = B,— X _ ol X
r 27'[ r?

cJ’nleodz-““"[n1 dz>“°dnmm(£)J’ —dz 0.2° ax=43cm

2912

(1, =400KA,fi . =2 x10"'m™, 29 <& <29)
The measured fluctuation amplitude for edge chords are about 0.2,
It means that density fluctuation contributes the most of Faraday rotation

fluctuation signalsin edge chords.

e Fast polarimetry measures magnetic
fluctuation in central chords. A line
aver aged magnetic fluctuation amplitude
can be obtained.

« Fast polarimetry measures density
fluctuation in edge chordswith better phase
resolution;

e Toroidal mode number can be deter mined
by the correlation between two toroidally
displaced two chords,
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Fluctuation Signals Analysis

« Radial Magnetic fluctuations
dominate Faraday rotation
fluctuations in central chords
(x=-2,6,13 cm) because density
fluctuations are small and probing
beam Is nearly perpendicular to
equilibrium field.

* Density fluctuations dominate
Faraday rotation fluctuations for
edge chords (x=-32,-24,36,43 cm)
where density fluctuations are large
due to advection.
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J(0) measurement

Cylindrical-
Slope Model

W(x) = cFIne(r)Be(r)cosedz,

X=rcos@ =R-R,, z=rsiné,

W du
X~ 0r -0, Be2mr= pJ(r)s m?,—= —
9 pI(r) x dx

B,

W = ij”e (") vz = O.5CF/JOJ(0)XIne(r) f(r)dz

r
where J(r) = J,f(r) and assuming f(r) = (1 —(r/a)*)”

|, :J’J(r)dS = J(O)Ianf(r, Pdr is tota discharge current..

2 d¥ 1

J(0) =
HoGe OX [ (1) f(r,B)dz
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Comparison of J(0) Estimate
with a Model
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Current Density Fluctuations
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Time Evolution of Faraday Rotation Angle

Faraday Rotation (deg.)
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Time Evolution of Electron Density

F=-0.2,1,=387kA, 11 channel data,1010330115
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Magnetic Fluctuation B, Amplitude
and Comparison with MHD code

Measured Faraday rotation fluctuation L~IJ—12 =0.7,
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Spatial Correlation of Magnetic Fluctuation B,
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B, Wavenumber Spectrum
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Magnetic Fluctuation change
during Sawtooth Cycle

time (ms)

— Amplitude approximately 1% before crash

— Fluctuationsincrease at crash by x3
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Current Density and M agnetic
Fluctuations
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Quas Single Helicity in PPCD
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Fast Polarimetry during PPCD

Ip:400kA, 11 channed data
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Sawteeth Ensembled
Density Dataset
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Ensembled Faraday Dataset
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Magnetic Fluctuation B, Phase
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Magnetic Fluctuation
Reduction during PPCD
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Br fluctuations vs time
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“ Magnetic Fluctuation B, Spectrum “
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Magnetic Fluctuation
Reduction during PPCD
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Magnetic Fluctuation Spectra

100
75 | Standard
400k A

50 —
25 _I._HJ-.. ; :

Frequency(kHz)

100
75
50

Frequency(kHz)

25 Rl

10 15 20
time (Ims)

T SESssEEEs

1.0 2.0 3.0 4.0
amplitude

U CL A



“ Summary “

e Fast-polarimeter has4 pstime
response and 0.05° phase
resolution.

* |nternal radial magnetic field
fluctuations are measur ed.

P~

E: —~: _
o 19 By =33 G,rms]

 Internal magnetic fidd fluctuations
aresignificantly reduced during a
high confinement PPCD plasmas

B | 75%
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Future Work

« Measurement of dynamics of current density profile
J(r,t) in MST with Sawteeth, PPCD, OFCD, pellets,
etc.

 MHD stability studies: J(r,t) O é
e Extract B information from all chords

« Core transport <ﬁ|§r>, <j |§r>
e Core dynamo studies:

<\;;9 I§r> [] toroidal electric field

<v~(p ér> 0 poloidal dectric field
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