
Dynamic electron-ion collisions and non-local effects on 
the structures of warm dense matter 

Jiayu Dai, Dongdong Kang, Qian Ma, Binbin Lu, Zengxiu Zhao and Jianmin Yuan
Department of Physics, National University of Defense Technology, CHINA 

ABSTRACT. 

The structural, thermodynamic and transport properties of warm dense matter (WDM) are 
crucial to the fields of astrophysics and planet science, as well as inertial confinement fusion. 
WDM refers to the states of matter in a regime of temperature and density between cold 
condensed matter and hot ideal plasmas, where the density is from near-solid up to ten times 
solid density, and the temperature between 0.1 and 100 eV. In the WDM regime, matter 
exhibits moderately or strongly coupled, partially degenerate properties. Therefore, the 
methods used to deal with condensed matter and isolated atoms need to be properly validated 
for WDM. It is therefore a big challenge to understand WDM within a unified theoretical 
description with reliable accuracy. Here, we review the progress in the theoretical study of 
WDM with state-of-the-art simulations, i.e. quantum Langevin molecular dynamics and first 
principles path integral molecular dynamics. We study the electronic, ionic structures of warm 
dense matter from H to Fe, and comparing the equation of states from shock-compressed 
experiments. Also, we discuss the non-local effects such as van der Waals interactions and 
nuclear quantum effects on the equation of states and the phase transition of dense hydrogen, 
showing the consistent results with quantum Monte Carlo method. Finally, the method of 
calculating electrical conductivity directly from electron molecular dynamics will be shown and 
the effect of electron-ion collisions could be discussed, which will reduce the conductivity in 
warm and hot dense matter. 

REFERENCES 

[1]  Dongdong Kang, and Jiayu Dai. Dynamic electron–ion collisions and nuclear quantum effects in 

quantum simulation of warm dense matter. J. Phys.: Condens. Matter. 30, 073002  (2018). (Topic 
Review). 

[2]  Qian Ma, Dongdong Kang, Zengxiu Zhao, and Jiayu Dai. Directly calculated electrical conductivity 
of hot dense hydrogen from molecular dynamics simulation beyond Kubo-Greenwood formula. 
Physics of Plasmas. 25, 012707 (2018). 

[3]  Zhiguo Li, Wei Zhang, Zhijian Fu, Jiayu Dai, Qifeng Chen, and Xiangfong Chen. Benchmarking the 
diffusion and viscosity of H-He mixtures in warm dense matter regime by quantum molecular 
dynamics simulations. Phys. Plasmas. 24, 052903 (2017). 

[4]  Binbin Lu, Dongdong Kang and Jiayu Dai. Complicated diffusions of dense hydrogen : nuclear 
quantum effects and non-local interactions, unpublished.   
[5]  Jiayu Dai, Dongdong Kang, Zengxiu Zhao et al. Dynamic Ionic Clusters with Flowing Electron 
Bubbles from Warm to Hot Dense Iron along the Hugoniot Curve. Phys. Rev. Lett. 109: 175701 
(2012). 
[6] Jiayu Dai, Yong Hou and Jianmin Yuan. Unified first principles description from warm dense matter 
to ideal ionized gas plasma: Electron-ion induced friction. Phys. Rev. Lett. 104, 245001 (2010). 


