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ABSTRACT

The excitation of B-Ga.0s by femtosecond lasers drives electrons into a nonequilibrium state such that temperature-based models can be applied only after thermalization. The Landau-Fokker-Planck approximation to the
Boltzmann collision integral accounts for carrier-carrier interactions via drift and diffusion in energy space [1], whereas ultrafast transmission experiments yield polar optical phonon and intervalley scattering times for B-Ga20s [2];
however, these two approaches have not yet been combined. By solving the Fokker-Planck equation for the electron energy distribution under femtosecond excitation conditions in B-Ga20s, we incorporate screening effects in
carrier—carrier scattering together with polar optical phonon emission and intervalley transitions. The solution yields a non-Maxwellian high-energy tail that persists throughout the timescale of interest and cannot be reproduced by
a simple carrier temperature-model. The depletion of the tail is driven by intervalley scattering and occurs before the electrons cool via phonon emission; hence, the electron energy dissipation rate depends on the occupancy in the
valley populations, not just on the coupling strength between carriers and the lattice vibrations.

Methodology Femtosecond Excitation Kinetic vs Thermal Energy

The electron distribution in B-Ga20s is followed in energy space with a Landau—
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Figure 2. Mean electron energy from the kinetic solution (solid)

against the carrier-temperature model (dashed), both peak near 1.1
eV, but only the kinetic curve still holds excess energy at 1.2 ps.

where @ = laser frequency; m, = 0.26 m, = reduced electron-hole mass; /' = field

amplitude; y = a)\/(mrEg)/(eF) = Keldysh parameter; I, = »*/(1 + »?); a, Q = elliptic  Figure 1. Local intensity inside the material after self-consistent
functions of y; (x+1) = photon order. Kerr—plasma clamping; the 30 fs pulse clamps at 2.8 TW cm ™, the
100 fs pulse at 1.8 TW cm ™.

Carrier Density and Valleys The Non-Maxwellian Tail
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t(fs) Figure 4. Distribution in the I valley at 400 fs. The carrier-temperature model collapses
Figure 3. Total carrier density (solid, left axis) and the share held in the upper valley (dashed, above 0.6 eV, while the kinetic solution keeps population out to 5 eV, with a step at the 2.6
right axis); the density saturates within 50 fs, the valley share peaks near 200 fs and then decays. eV’ I=U separation.

Phonon and Valley Losses

Energy Flow per Mechanism

POP versus intervalley energy loss Energy flow per mechanism
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Figure 6. (a) Instantaneous share of the electron energy loss per channel and (b) cumulative share of

Figure 5. Polar optical phonon loss against intervalley loss, both normalised to
the absorbed energy, for the 30 fs pulse; the band gap takes two thirds of the total.

the peak phonon rate; intervalley transfer peaks earlier and reaches 44% of it.
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