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Understanding and controlling burning plasma behavior in fusion devices requires measuring critical equilibrium parameters, such as electron density and magnetic field, as well as plasma fluctuations originating from magnetohydrodynamic modes, turbulence, and fast-ion driven modes. To meet these needs despite limited plasma access, a novel interferometry-polarimetry scheme, featuring four radial chords arranged in poloidal and toroidal arrays near the plasma midplane, has been demonstrated on the DIII-D tokamak. The system employs two frequency-shifted, counter-circularly polarized probe beams to achieve interferometric and polarimetric measurements with low noise (~0.01 degree) and high bandwidth (10 MHz), yielding measurements of both plasma equilibrium and fluctuations. A new polarimetric scheme simultaneously measures the Faraday and Cotton-Mouton effects to derive poloidal and toroidal magnetic fields alongside electron density without fringe jumps. The poloidal array enables real-time control of plasma density, vertical position of the magnetic axis (), and on-axis current density (). Notably, the non-inductive measurement of  has been exploited for the first time to sustain vertical stability control on DIII-D, demonstrating a new means to achieve such control in long-pulse or steady-state devices. Furthermore, the combined toroidal and poloidal arrays measure the wavevector of plasma fluctuations, identifying toroidal mode numbers up to 50 and poloidal wavenumbers up to 0.23/cm. Importantly, these measurements facilitate a new approach to spatially localize the origin of fluctuations by exploiting their inboard-outboard asymmetry, a capability critical for validating burning plasma physics. The presented interferometry-polarimetry scheme serves as an advanced, compact, reactor-relevant solution for real-time monitoring and control of critical plasma equilibrium and fluctuation parameters. 
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