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the example below. Graphics and Tables can be embedded in the text We propose a purely
variational method for computing band gaps within quantum Monte Carlo (QMC) simulation.
Based on grand canonical reptation quantum Monte Carlo (GC-RQMC) with twisted boundary
conditions, we analyze energies of systems of N, protons varying the number of electrons, N,
from Np-Ay to Ny+Ay. Total neutral magnetization is assured by adding/subtracting always even
number of electrons whereas odd numbers probe spin excitations. Grand canonical analysis can be
done as a post processing converting the dependency on the number of electrons N, in favour of
the chemical potential u. Different twists are used to correct all single particle size effects, two-
particle size effects are corrected by analyzing the structure factor S(k,u) \cite{SizeEff}.

We apply this new technique to compute the band gap of solid molecular hydrogen
beyond 250 GPa. We investigate two candidate structures of phase Ill: C2/c and Cmcal2
\cite{Struct}. For these crystalline structures at zero temperature the band gap closes above 400
GPa, for the Cmcal2 at slightly lower pressure than for the C2/c. From the variation of the
momentum distribution n(k,u) with respect to the chemical potential, we argue that the band gap is
indirect. These results are in reasonable agreement with predictions based on QMC corrected
Density Functional Theory (DFT) \cite{Azadi}. Our purely QMC based method allows us to gain
more understanding and better insight from a many-body prospective without relying on a specific
DFT functional. Furthermore, our scheme can be straightforwardly applied to more general
situations including thermal and zero point motion of protons beyond the harmonic approximation.
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