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We present details of the Coupled Electron-Ion Monte Carlo method
(CEIMC)1,2 applied to the problem of the equation of state of pure hydrogen.
The aim is to develop a method that can predict state information outside the
range of temperatures and pressures that are accessible with other existing
methods, such as PIMC.

The CEIMC method centers on exploring the configuration space of
the hydrogen nuclei (classical or quantum path integrals) using a modified
Metropolis algorithm, with configurational energy differences computed from
Born-Oppenheimer energies. Energy differences are computed with VMC or
Reptation quantum Monte Carlo, both of which supply unbiased estimates
of energy differences, the latter within a projector framework.

Using a wavefunction generated through a band-structure calculation, we
study the so-called plasma phase transition, the conditions under which a
fluid of pure molecular hydrogen dissociates.
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