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FARADAY ROTATION MEASUREMENTS OF TGG TO CALIBRATE FIELD PRODUCTION
IN THE SINGLETURN MAGNET SYSTEM

R.D. McDonald and C.H. Mielke (NHMFL-LANL)

We report Faraday rotation measurements of Terbium Gallium Garnet (TGG) in megagauss pulsed magnetic fields. TGG is
an ideal material in which to measure Faraday rotation as a means of field calibration due to its large Verdet constant [1,2].
These measurements were performed in order to verify the magnetic field production capabilities of the singleturn magnet
system.

The measurements were made at a temperature of 292 K in the singleturn magnet system with a rise-time, of 2.5 us. A 2mm
long single crystal of TGG was used for this experiment, with parallel faces perpendicular to the [111] direction. Multi-
moded plastic fibers, terminated with aligned linear polarizers, were glued to the either face of the TGG so that the rotation of
the angle of polarization could be measured via the transmitted intensity. The sample was arranged in the magnet with the
field parallel to the optical axis, the crystal’s [111] direction. A red diode laser provided illumination and a photodiode was
used for detection.

At 292 K TGG is a paramagnet. The large magnetic moment of Terbium (J = 3) is responsible for its large magnetic
susceptibility and hence large Verdet constant. An important consideration, when using such a material to calibrate high
magnetic field is saturation of the magnetization. Faraday rotation is proportional to magnetization, such that the rotation of
polarization will tend to zero in a saturated paramagnet. Prior measurements performed under similar measurement
conditions, but in a 50 T short pulse magnet have been used to confirm the approach to saturation of the magnetization can be
well accounted for by use of the Brillouin function [2].

The left axis of Figure 1 shows the magnetic field profile obtained from the singleturn magnet system when charged to 35 kV.
This was obtained by integrating the voltage induced across a coil of known area. The right axis of Figure 1 shows the
corresponding Faraday rotation signal, which confirms the field production to within a couple of percent.
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Figure 1: The field profile of the singleturn magnet system obtained from integration of the voltage induced across a coil of
known area (red) and the Faraday rotation signal (blue).
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