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Abstract: The purpose of this research work is to look into the time-space evolution of plasma pressure for femtosecond pulse
laser shock peening (fs-LSP). In this study, propose a model to understand plasma pressure over time-space process in fs-LSP
based on the first principle, improved two temperature equations, and plasma hydrodynamic equations. Firstly analyze the
plasma plume front location with respect to time by solving the plasma hydrodynamic equations. The simulated results by the
electron DOS (density of state) femtosecond pulse laser shock peening model are in better agreement with the experiment
results than the QEOS (quotidian equation of state) femtosecond pulse laser shock peening model. The DOS femtosecond pulse
laser shock peening model was shown to be effective and superior. Then use the DOS model to calculate how the electron heat
capacity and electron-phonon coefficient with respect to electron temperature. Electron heat capacity calculated by the QEOS
model is larger than calculated by the electron DOS model, whereas the electron-phonon coefficient is the reverse. Moreover,
the electron-phonon coefficient calculated by the QEOS model shows linear variation with respect to the electron temperature,
which is the reverse of that calculated by the electron DOS model. Therefore, the electron DOS effect should be considered in
two-temperature equations. Next see a graph of electron and lattice temperature with respect to time using the modified two-

temperature equations to calculate. Increasing laser energy, decreasing pulse width, and considering the electron DOS effect
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will increase the electron’s peak temperature, and equilibrium temperature of electron and lattice systems, and reduce the
electron-phonon relaxation time. Finally, we utilize the results of the two temperature equations as the initial condition to
substitute into the plasma hydrodynamic equations to compute the plasma pressure. plasma peak pressure will rise as laser
energy is increased, the pulse width is decreased, and the electron DOS effect is taken into account.

Keywords: femtosecond pulse laser shock peening; two-temperature equations; density of state; plasma pressure; heat

capacity of electron; coupling coefficient of electron and phonon; plasma plume; electron temperature; lattice temperature
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