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Fig. 1. Electronic static screening in the long-wavelength
limit (dot-dashed lines) versus the full static screening in
random phase approximation (RPA) (solid lines) for the
electron number density m. = 1022cm~3 at three differ-

ent degeneracy parameters 6. = 0.1,1,10.
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Fig. 3. Coupled mode effects determined from the function

Cei(k) = Cei(k,winq) , i.e. Eq. (11), for two-temperature hy-
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drogen plasmas with density me = 1025 cm~2 and electron

temperature Te = 107K .
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Fig. 4. Numerical results for energy transfer rate in fully
ionized hydrogen plasmas for n; = 102°cm—3,7} = 10°K
with different electron temperatures. The CM (orange tri-
angles) and FGR (green stars) results for energy transfer
rate are taken from Ref. [18]. The solid blue and red lines
represent the results evaluated with Eq. (7) and Eq. (18),
respectively. The green dot-dashed line and brown dashed
line display the results in static limit with (Eq. (20)) and
without (Eq. (19)) long-wavelength approximation, respect-
ively. Predictions marked by NCM (violet dotted curve)
give the results calculated from the expression (Eq. (17)).
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Analysis of dynamic response and screening effects on
electron-ion energy relaxation in dense plasma’

LIN Chengliang HE Binf WU Yong! WANG Jianguo

(National Key Laboratory of Computational Physics, Institute of Applied Physics and
Computational Mathematics, Beijing 100088, China)
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Abstract

Accurate knowledge of electron-ion energy relaxation plays a vital role in non-equilibrium dense plasmas
with widespread applications such as in inertial confinement fusion, in laboratory plasmas, and in astrophysics.
We present a theoretical model for the energy transfer rate of electron-ion energy relaxation in dense plasmas,
where the electron-ion coupled mode effect is taken into account. Based on the proposed model, other simplified
models are also derived in the approximations of decoupling between electrons and ions, static limit, and long-
wavelength limit. The influences of dynamic response and screening effects on electron-ion energy relaxation are
analyzed in detail. Based on the models developed in the present work, the energy transfer rates are calculated
under different plasma conditions and compared with each other. It is found that the behavior of electron
screening in the random phase approximation is significantly different from the one in the long-wave
approximation. This difference results in an important influence on the electron-ion energy relaxation and
temperature equilibration in plasmas with temperature T, < 7;. The comparison of different models shows that
the effects of dynamic response, such as dynamic screening and coupled-mode effect, have stronger influence on
the electron-ion energy relaxation and temperature equilibration. In the case of strong degeneracy, the influence
of dynamic response will result in an order of magnitude difference in the electron-ion energy transfer rate. In
conclusion, it is crucial to properly consider the finite-wavelength screening of electrons and the coupling
between electron and ion plasmonic excitations in order to determine the energy transfer rate of electron-ion

energy relaxation in dense plasma.
Keywords: energy relaxation, warm and hot dense matter, plasma screening, dynamical response of plasmas
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