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Highly sensitive, space-time resolved electric field vector 
measurements are essential for addressing numerous crit-
ical questions across nearly all sub-fields of plasma physics. 
These measurements are crucial for understanding edge-
localized mode plasma instabilities in tokamaks, unraveling 
surface streamers and ionization wave dynamics, analyzing 
surface charging in low-temperature plasmas, gaining in-
sights into magnetic reconnection events, and validating 
fundamental sheath theories under different collisionality 
regimes. In this talk, I will present a novel laser-based ap-
proach for electric field measurements that offers excep-
tional sensitivity across multiple orders of magnitude and 
is suitable for both high and low pressure plasmas. Addi-
tionally, I will demonstrate how this setup can simultane-
ously perform gas density measurements, providing re-
duced electric field estimates. We anticipate that this 
newly developed approach will be applicable to a wide va-
riety of plasma physics sub-fields, making electric field 
measurements more accessible and straightforward. 
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