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Motivation

* In emerging innovative confinement devices such as NSTX (PPPL, USA), MAST
(Culham, UK), and the Electric Tokamak (UCLA, USA), an accurate knowledge of
the magnetic field internal to the plasma is of great importance, since the relatively
low magnetic fields are expected to be modified significantly from vacuum levels
due to large diamagnetic and paramagnetic effects.

* However, transfer of existing magnetic field diagnostics, such as MSE, to these
emerging lower-field devices will be both difficult and costly. This has motivated
the current work whose goal is to develop an internal magnetic field measurement
technique suitable for low-field plasmas. The technique is based on “dual-mode”
correlation reflectometry.

« O and X-mode reflectometry signals arising from naturally occurring
microturbulence are cross correlated. The point of maximum correlation
allows determination of local magnetic field strength, |B|. Radial turbulent
correlation lengths are measured simultaneously.
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Principle of Dual-mode Correlation Reflectometry

* O and X-mode radiation at different
frequencies is launched into the plasma
through the same antenna.

correlation

« After reflection from their respective
cutoff layers, fluctuating signals from
naturally occurring turbulence are
collected and cross-correlated.

X-mode
frequency sweep

» Cross-correlation is expected to maximize when O- and X-mode reflectometer
signals overlap spatially. Assuming the reflectometer signals originate from the
cutoff layers, the X-mode frequency (= fr) can then be written in terms of the O-mode
frequency (= fp),
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» Since f, 04e @Nd f,_oqe @re known, B0 at cutoff can be determined.

* In practice the above assumption is overly simplistic and more extensive analysis
IS necessary to determine B[l




Magnetic Field Diagnhostic Development Program

1. Perform a proof of principle experiment on the LArge Plasma Device
(LAPD) at UCLA. The LAPD is a linear device with simple magnetic
geometry and well-known magnetic field and density profile.

2. Demonstrate (B[]
measurement on the Electric
Tokamak (ET) at UCLA at low
B, where B is known from the
vacuum field, and magnetic
shear is moderate. Establish
accuracy of measurement in a
tokamak environment.

3. Implement on a low field, high 3 device, such as NSTX (PPPL, USA).
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The LArge Plasma Device (LAPD)

Typical Plasma Parameters

lon Species ......... Het

Peakne covvvvnnnnn.. 1-5 x 1018 m-3
Bo ....oooiveiveeeenn. £0.2Teda
Te i 5-10eV

Am ... 1-50%

» The density profile is well known
via a 56 GHz interferometer and a
scanned Langmuir probe.

» The magnetic field is solenoidal
and well known.




