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Our Quantum Monte Carlo packages
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K. Nakano*, C. Attaccalite, M. Barborini, L. Capriotti, M. Casula*, E. Coccia, M. Dagrada, Y. Luo, G. 
Mazzola, A. Zen, and S. Sorella* J. Chem. Phys. 152, 204121 (2020)

QMC package (VMC, DMC, LRDMC, WF optimization).

Python wrappers and command-line interfaces.

Workflow package realizing high-throughput calculations.

K. Nakano*, et al., J. Chem. Phys. 159, 224801 (2023)

K. Nakano*, et al., J. Chem. Phys. 159, 224801 (2023)



TurboRVB features
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- Variational Monte Carlo (VMC) and Lattice regularized Diffusion Monte Carlo (LRDMC).

- Flexible ansatz such as Antisymmetrized Geminal Power (AGP) and Pfaffian (Pf).

- Parallelized by MPI/OpenMP (hybrid) and GPU.

The main developer was Prof. Sandro Sorella.

M. Casula et al., Phys. Rev. Lett 95, 100201 (2005)

The project is currently maintained by M. Casula and K. Nakano.

C. Genovese et al., J. Chem. Theory Comput. 16, 6114 (2020)

O. Kohulak et al., in preraration (2023)

M. Casula et al., J. Chem. Phys. 119, 6500 (2003)

- Atomic Forces by exploiting the algorithmic differentiation (AD).
S. Sorella et al., J. Chem. Phys. 133, 234111 (2010)



Python wrapper and workflows: TurboGenius
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● QMC wrappers and command-line interfaces

● Implemented in object-oriented fashion by Python3

● Open-source under the BSD3 license (Jul. 2023-)

https://github.com/kousuke-nakano/turbogenius

K. Nakano*, et al., J. Chem. Phys. 159, 224801 (2023)



TurboGenius paper recently published

5K. Nakano*, et al., J. Chem. Phys. 159, 224801 (2023)



Useful links
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https://turborvb.sissa.it https://github.com/sissaschool/turborvb

● Our website ● TurboRVB GitHub

https://github.com/kousuke-
nakano/turbogenius

● TurboGenius GitHub

https://github.com/kousuke-
nakano/turboworkflows

● TurboWorkflows GitHub

https://github.com/kousuke-
nakano/turbotutorials

● Tutorials Collections



Established unbiased VMC forces by TurboRVB

7K. Nakano*, et al., arXiv:2312.17608, under review (2024).



VMC force calculations with HF/DFT orbitals
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The variational term has a finite value when a variational parameter in a given WF is NOT optimized.

Hellmann–Feynman (PW, LO)

Pulay (only for LO)

Variational term (PW, LO)

(This doesn’t exist in KS-DFT)

For large systems, one CANNOT afford to optimize all. Jastrow Slater-Determinant (JSD).

We should keep in mind that variational parameters (𝑝!) are implicitly dependent on atomic positions. 

K. Nakano, et al., J. Chem. Phys. 156, 034101 (2022)

J. Tiihonen, et al., J. Chem. Phys. 154, 204111 (2021)

https://doi.org/10.1063/5.0076302


Pressure bias in DFT and VMC calculations for BN

99

DFT VMC

Numerical deriv. (correct)

Analytical deriv.

Cubic BN, TurboRVB: VMC with JSD ansatzCubic BN, Quantum Espresso: DFT with LDA-PZ

Numerical deriv. (correct)
Analytical deriv.

∆𝑃~ 5 GPa ∆𝑃 = 0 GPa 



Compensation of the missing term
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A solution is very simple: explicitly computing the missing term!

Compute this!



Application to Crystal (c-BN, 2x2x2, 256 el.)
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B N

K. Nakano*, et al., arXiv:2312.17608, under review (2024).

∆𝑃~ 0 GPa 
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Perspectives

● Better documentations and tutorials.

● Refactoring is in progress.

Any suggestion is appreciated!



Thank you very much for your attention
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