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Path integral molecular dynamics exploration of the static and dynamic
detailed states and the influence of the atomic quantum nature in the
supercritical helium-4

Ayumi Takemoto and oKenichi Kinugawa
Division of Chemistry, Graduate School of Humanities and Sciences,
Nara Women’s University, Japan.

[Abstract] Detailed states hidden in the supercritical state of “He were revealed by the
isothermal-isobaric path integral centroid molecular dynamics simulations. The
thermodynamic, structural, dynamic, and quantum boundaries were detected from the detailed
analysis of relevant physical properties. We clarified the atomic quantum dispersion effect
on the state and the thermodynamic properties. It is found that the Widom line is not only
the thermodynamic boundary but also the quantum boundary which separates the temperature
dependence of isobaric quantum wavelength of atoms. The milder temperature dependence
of this wavelength in the liquid(like) state causes the lower isobaric heat capacity in this state
than in the gas(like) state. With use of the pseudo-Clapeyron equation, the milder slope of
the boiling line and the Widom line than in classical fluids is also explained by this effect or,
equivalently, the decreasing kinetic energy with temperature in the liquid(like) state.
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Fig. 1. The state diagram of *He.



