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Quantum Monte Carlo (QMC) methods such as Variationd Monte Carlo, Diffuson Monte Carlo or
Pah Integrad Monte Carlo are the most accurate and general methods for computing total eectronic
energies. Teking many-body hydrogen a high pressure as an example, each QMC method has a
limited range of gpplicability. For example PIMC is limited to temperatures grester than 5000K, and
DMC to zero temperature.

We have introduced a method[1] to perform a coupled QMC for the eectrons and another MC
simulation for the ions (CIEMC). Using quantum Monte Carlo, one estimates the Born-Oppenheimer
energy change which is then used in a Metropolis smulation of the ionic degrees of freedom. We
have shown that one can modify the usua Metropolis acceptance probebility to eiminate the bias
caused by noise in this energy difference, thus alowing more noisy estimates of the energy difference
and reducing the sampling time of the eectronic degrees of freedom. We have implemented[2]
severd different QMC methods for estimating the energy change including Diffuson Monte Carlo
and Vaiationd Monte Calo. We have adso developed a correlated sampling technique so that the
variance of the difference is smaller than of each energy individualy.

One of the time-consuming steps was optimization of the trid wavefunction, typicaly taken to be of
the Sater-Jastrow form. We are usng a completely andytic form[3], generalized from the backflow
function useful for strongly correlated systems, to the eectron-proton system, thereby avoiding
optimization, without sacrificing accuracy.

Usng these methods, we have performed smulations of liquid H and liquid metdlic H down to
temperatures as low as 300K. We discuss some possible advantages of the CEIMC method relative D
Car-Parringllo smulations concerning how the quantum effects of the ionic degrees of freedom can be
included and how the boundary conditions on the phase of the wavefunction can be integrated
over[4].
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