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NAPOOM THOOPPANOM : VECTOR MAGNETIC FIELD IMAGING WITH QUANTUM
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Magnetic field sensors are frequently used in transportation, communication,
and navigation applications. The constraints of the sensors are the direction of the
magnetic field and low magnetic field strength. Quantum sensing, especially those
utilizing nitrogen vacancy (NV) centers in diamonds, can overcome the constraints. The
NV center, a defect in diamond, is an efficient sensor for magnetic fields and functions

under ambient conditions, providing it to be suitable for many sensing applications.

This thesis uses the NV center for vector magnetometry and the mapping of
unknown magnetic fields, with a moving magnet perspective above the diamond. Both
experiments employ optically detected magnetic resonance (ODMR) sequences for
signal detection. Their methodology employs a sweep program with a resolution of 26
MHz, scanning at a rate of 5 seconds for every 200 data points, and utilizes a Quantum
Diamond Sensor (QDS) €onfiguration as described by Bucher et al. (2019). Magnetic
field calculations are obtained from the NV center Hamiltonian to compute the
amplitude and orientation of the magnetic field based on the ODMR signal. The
computed magnitude indicates the magnetic field influencineteach NV axis, while the
orientation indicates the calculation of the angle between the magnetic field and each
NV axis. This method enabtes the viewing of magnetic' field direction by generating
surfaces along the NV axes, which correspond to the magnetic field orientation at the

NV center through their intersections with the surfaces.

For vector magnetometry, the analysis not only computes the magnitude and
direction of the magnetic field but also distinguishes 2 differences between similar
ODMR signal shapes and 2 small angles of ODMR signal. In the mapping experiment
above the diamond 1.7 cm in the north pole direction, the vector field and gradient
field in the x, vy, and z directions are visualized on the xy plane, showing good

agreement with the theoretical magnetic field distribution. Additionally, the NV center




examines the magnetic field at three different heights above the diamond, illustrating
magnetic field changes at each level. As a result, the magnetic field gradient in the x
and y directions increases significantly, whereas the magnetic field in the z direction
increases at the center area but decreases considerably around the center due to
flipping direction to the south pole. In addition, there are vector magnetic field

visualizations in the xz and yz planes, which is consistent with previous results.
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