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Standard laser-induced fluorescence (LIF) extracts a Doppler-broadened velocity distribution function (VDF) by scanning the injected laser wavelength while monitoring induced fluorescence. This is a mature technique that returns a reduced VDF along the laser wavevector, but integrates over orthogonal velocity components. Recovering a three-dimensional VDF typically requires multiple measurements in different beam directions, and the result is often a stitched together set of reduced VDFs rather than a direct measurement of the distribution function in full velocity space.
Emission-resolved LIF (ER-LIF) addresses these limitations by combining the spectral resolution from the absorption and emission. A narrow-linewidth laser pumps a specific Doppler-broadened distribution along the laser beam, but instead of integrating fluorescence, the shift of the emitted light is resolved. The fluorescence spectrum yields a Doppler shifted distribution along the collection line-of-sight. In effect, ER-LIF measures a conditional distribution: the distribution of velocities along the collection axis for particles constrained to a selected velocity along the laser axis. This immediately provides multi-component velocity information from a single pump condition, and becomes increasingly attractive as spectrometer technology improves. Recently, commercially available, sub–pm resolution spectrometers have enabled unprecedented spectral resolution of plasma emission. This cutting-edge equipment makes it possible to spectrally resolve Doppler-broadened line shapes for cold, heavy species. Additionally, as LIF diagnostic designs push toward shorter pulse widths that permit high-cadence density measurements, ultrashort pulses can introduce laser linewidths too broad to cleanly resolve Doppler profiles via conventional scanning. ER-LIF provides a complementary pathway to recover these distributions.
To push the diagnostic toward a full 3D-3V distribution function measurement, a key next step is eliminating the remaining velocity integration by introducing a second laser. In two-color, two-photon ERLIF (2c2pERLIF), a second pump beam (at a different wavelength) is injected  orthogonal to both the first laser beam’s propagation direction and emission collection axis. The simultaneous resonance conditions constrain the particle population in two independent velocity components, while the spectrally resolved emission provides velocity information along the collection line-of-sight. Together, these constraints provide direct measurement of the full three-dimensional VDF, without assembling three separate reduced measurements. ER-LIF and 2c2pERLIF are enabling diagnostics for regimes where non-intrusive measurements of true velocity-space distribution functions are essential. The approach is timely, feasible, and offers a clear roadmap to transformative velocity-space measurements. This talk will outline implementation considerations, VDF reconstruction strategies, and preliminary demonstrations of this technique.


Specify category: Magnetic confinement fusion


