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In the study of astrophysics and laboratory astrophysics, the macroscopic hydrodynamic sim-

ulation is used to understand the large-scale long-time dynamo, morphology and self-organization

of plasma evolutions. However, the hydrodynamic simulation neglects important microscopic

species of physics: the interactions that occur because of the effects of particle-particle interac-

tions and the interactions of particles with the collective effects that accompany a fully or par-

tially ionized ambient medium (i.e. a plasma), which generally needs the microscopic kinetic

(particle-in-cell) simulations. On the other hand, many interesting astrophysical phenomena,

for example, X/-ray radiations and flares, are generally connected with the explosive, discon-

tinuous physical processes of energies in plasma and fields such as collisionless shocks and

magnetic reconnections, which also requires microscopic kinetic simulations. However, so far,

no self-consistent hydrodynamic-kinetic hybrid simulations have been successfully done, where

the initial and boundary condition of the kinetic PIC simulation is always artificially assumed.

This brings great difficulties to accurately interpret the astrophysical observations. In this talk,

I shall report our recent progresses [1, 2, 3] on self-consistently combining the hydrodynamic

and kinetic simulation for study of laboratory astrophysics. More specifically, we find a set of

free parameters to achieve the self-similarity between hydrodynamic and kinetic PIC simula-

tions so that they evolve identically. In other words, we, for the first time, provide a consistent

and unabridged simulation result, connecting macroscopic and microscopic effects by apply-

ing the results of MHD as the initial condition in PIC simulations. Using this self-consistent

hydrodynamic-kinetic hybrid simulation technique and proton radiography iterative inversion

algorithm, we have successfully explained the experimental results of laser-driven asymmet-

ric magnetic reconnection. The kinetic effects on relativistic astrophysical jet transport are also

carefully studied using this hybrid simulation.
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