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Quantum Monte Carlo Package RIS

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)

£33 L |
Q{ﬁ:}% Turbo.Genlus Command line tools (python).

i WO rkflows Workflow systems (python).

K. Nakano et al., in preparation (2023)

© Kosuke Nakano (SISSA/JAIST)

Tu r bo R\/B QMC engines (DFT, VMC, and DMC).

Packages: TurboRVB and TurboWorkflows
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— The main developer was Prof. Sandro Sorella.
Y TurboRVB open-source by July 2023!!

: ® Quantum Monte Carlo Package @8 The project Pls are M. Casula and K. Nakano.

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

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

- Atomic Forces by exploiting the algorithmic differentiation (AD).

S. Sorella et al., J. Chem. Phys. 133, 234111 (2010)

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

M. Casula et al., J. Chem. Phys. 119, 6500 (2003)
C. Genovese et al., J. Chem. Theory Comput. 16, 6114 (2020)

- Parallelized by MP1/OpenMP (hybrid) and GPU. 0. Kohulak et al., in preraration (2023)
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rR :')( Example: Potential Energy Surface: C,-dimer

Binding energies of the C, dimer obtained by LRDMC

Wavefunction C atom (Ha) C2 molecule (Ha) Binding (eV) : T 4
Projected S
4 Indipendent Atoms ~—
JAGP ——
Jastrow Slater -37.82966(4) -75.8672(1) 5.656(3) JS%?%
2 f 13
3
Jastrow Geminal s g
h - &% 0
(Singlet) 37.8364(1) 75.8938(2) 6.01(1) g 3
5] 2 8
Jastrow Geminal g - £
- - =
(Singlet + broken sym.) 37.8364(1) 75.8935(2) 6.00(1) 2
- 1
Jastrow Geminal
(All-pairing, Pfaffian) 37.8363(1) -75.9045(2) 6.31(1)
| 1 1 1 | | | 0
v Estimated exact -37.8450 ~75.9045(2) 6.44(2) (Exp.) Y Y B
More complex ansatz.
P C. Genovese et al., J. Chem. Theory Comput. 16, 6114 (2020)

DMC gives a more accurate result than CCSD(T) does for the challenging molecule.

© Kosuke Nakano (SISSA/JAIST) 2023/2/8




R _->< Example: Phonon dispersion of Diamond

e Diamond: the conventional 2x2x2 supercell with the experimental lattice parameter

e Employed the frozen phonon method implemented in Phonopy package.
A. Togo and |. Tanaka, Scr. Mater. 108, 1 (2015).

4O .
~ Raman Freq. (optical phonon at ) <
- DFT-
N 30 38.55 THz
é LDA
9 VMC  40.65(38) THz
5 20
3 EXp. 40.35 THz
e~ X Experiment (Warren, et al.)
10F # % Experiment (Kuido et A1)
A Experiment(Schwc;erer,.etal.) w3t These are harm0n|c frequenC|eS
i © VMC-Raman (This work) \_ Y,
Y/ B LRDMC-Raman (This work)
I,f.’ VMC-Phonon (This work) |
0 F ] ]
r X K r L K. Nakano et al., Phys. Rev. B 103,1121110(2021)

* including anharmonic corrections.
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-R :->< TurboWorkflows Features

e Controlling QMC jobs on a python script 'y

vmcopt_workflow = eWorkflow(
label=£f’vmcopt-workflow’,

% Workflows

input_files=[Variable(label=f'trexio-workflow’, vtype='file’, name='fort.10’), In prOdUCtlon frOm 2022 =

Variable(label=f'trexio-workflow’, vtype='file’, name='pseudo.dat’)],
workflow=VMCopt_workflow(
## job
server_machine_name="fugaku",
cores=48, H M A R
openmp-1, e Implemented in object-oriented fashion by Python3
queue="small",
version="stable",
sleep_time=180,
## wvmcopt
vmcopt_max_continuation=2, . . . . .
wmcopt_target_error_bar=1.0e-3, # iz ® Solving dependencies and monitoring jobs
vmcopt_trial_optsteps=50,
vmcopt_trial_steps=50,
vmcopt_production_optsteps=20,
vmcopt_optwarmupsteps_ratio=0.8,
vmcopt_bin_block=1,
vmcopt_warmupblocks=0, H Vi
vmcopt_optimizer="1r", [ AI I Owed tO d efl n e U Se r S OWﬂ WO rkfl OWS
vmcopt_learning_rate=0.35,
vmcopt_regularization=0.601,
vmcopt_onebody=True,
vmcopt_twobody=True,
vmcopt_det_mat=False, .
vacopt._jas_mat=True, ® Open source under the BSD3 license (Jul. 2023-)
vmcopt_det_basis_exp=False,
vmcopt_jas_basis_exp=False,

K. Nakano et al., in preparation (2023)

https://github.com/kousuke-nakano/turboworkflows
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r@q _->< TurboWorkflows Example: Pontential Energy Surface of CO
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vmcopt_workflow = eWorkflow(
label=f'vmcopt-workflow’,
dirname=f’vmcopt-workflow’,
input_files=[Variable(label=f’trexio-workflow’, vtype='file’, name=’fort.10’),
Variable(label=f'trexio-workflow’, vtype='file’', name=’pseudo.dat’')],
workflow=VMCopt_workflow(
## job
server_machine_name="fugaku",
cores=48,
openmp=1,
queue="small",
version="stable",

A python script defining the QMC workflows.

TurboWorkflows Example: Pontential Energy Surface of CO

TREXIO

-— Workflows

It automatically solves the dependencies of the calculations.

pyscfworkflow-1.10

‘ pyscf-workflow-0.90 | pyscf-workflow-0.94 | pyscf-workflow-0.98 | pyscf-workflow-1.02 | pyscf-workflow-1.06 |

trexio-workflow-1.10 | ‘ pyscf-workflow-1.14 | pyscf-workflow-1.18 | pyscfworkflow-1.22 | pyscf-workflow-1.26 ‘ |pyscf—wurkﬂuw—1.30 ‘

I I I | |

' | ' ' I '

trexio-workflow-0.98 trexio-workflow-1.02 ‘ | trexio-workflow-1.06

trexio-workflow-0.90 | trexio-workflow-0.94

trexio-workflow-1.18 trexio-workflow-1.22 trexio-workflow-1.26 trexio-workflow-1.30 ‘

vmcopt-workflow-1.10 trexio-workflow-1.14

RS e e S e e

—= — [ ]

copyjas-workflow-1.06 |

copyjas-workflow-0.90 r copyjas-workflow-0.94 r copyjas-workflow-0.98 ’- copyjas-workflow-1.02 ’—

vmc-workflow-1.10 | copyjas-workflow-1.14 | —| copyjas-workflow-1.18 copyjas-workflow-1.22 | —| copyjas-workflow-1.26 | —| copyjas-workflow-1.30 ‘

! l l ) '

| | ! ) ! l

vmcopt-workflow-1.06 ‘

vmcopt-workflow-1.02 |

vmcopt-workflow-0.98 ‘

vmcopt-workflow-0.90 | vmcopt-workflow-0.94 |

vmcopt-workflow-1.26 | |vmcoptfworkﬂowfl.30 |

vmcopt-workflow-1.22 |

vmcopt-workflow-1.14 | |VII1CDpt’WDI‘kﬂDW’1.18 |

Irdmc-workflow-1.10 |

I | l I |

‘ vme-workflow-0.90 | | vme-workflow-0.94 | | vmec-workflow-1.06 |

. ' ' . '

| Irdmc-workflow-0.94 | | Irdmc-workflow-0.98 | ‘ Irdmec-workflow-1.02 | Irdmc-workflow-1.06 |

| vmec-workflow-0.98 | ‘ vme-workflow-1.02 |

Irdmc-workflow-0.90 |

© Kosuke Nakano (SISSA/JAIST)

| l ) | l

| vmec-workflow-1.26 | | vme-workflow-1.30 ‘

| vmec-workflow-1.14 | | vme-workflow-1.18 ‘ | vme-workflow-1.22 |

' ' I ' '

| Irdmc-workflow-1.18 ‘ | Irdmc-workflow-1.22 | | Irdmc-workflow-1.26 | Irdmc-workflow-1.30 ‘

Irdmc-workflow-1.14 |
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-rR :->< Review and Website

# TurboRVB website

# / Welcome to our TurboRVE website

TurboRVB: A many-body toolkit for ab initio
electronic simulations by quantum Monte Welcome to our TurboRVB website

Carlo RAidd
s . ‘ TU r bo R\,B

Cite as: J. Chem. Phys. 152, 204121 (2020); https://doi.org/10.1063/5.0005037
Submitted: 19 February 2020 . Accepted: 20 March 2020 . Published Online: 29 May 2020 Quantum Monte Carlo Package ([HE]

Opening positions

Publications
7 i ¥ 3 3 PhD thesis
Kousuke Nakano "~ Claudio Attaccalite “*, Matteo Barborini "*, Luca Capriotti "=, Michele Casula "~ b Recent papers
resentations
Emanuele Coccia "', Mario Dagrada, Claudio Genovese I , Ye Luo ", Guglielmo Mazzola ", Andrea TR « A Tirelli et al. have published a paper in Phys. Rev. B, 106, L041105 (2022).
Zen ', and Sandro Sorella Logo collections

* K. Nakano et al. have published a paper in J. Chem. Phys. 156, 034101 (2022).

Useful Links
COLLECTIONS
» K. Nakano et al. have published a paper in Phys. Rev. B 103, L121110 (2021).

This paper has been selected as an Editors’ Suggestion.
Paper published as part of the special topic on Collection

Mote: This article is part of the JCP Special Topic on Electronic Structure Software.
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Chemical Physics

Features

TurboRVB is a computational package for ab initio Quantum Monte Carlo (QMC) simulations of
both molecular and bulk electronic systems. The code was initially launched by Prof. Sandro Sorella
and Prof. Michele Casula and has been continuously developed by many contributors for over 20
years. The code implements two types of well established QMC algorithms: Variational Monte
Carlo (VMC), and Diffusion Monte Carlo in its robust and efficient lattice regularized variant
(LRDMC).

https://turborvb.sissa.it

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)

© Kosuke Nakano (SISSA/JAIST) 2023/2/8




Thank you!

Follow us
@ company/trex-eu

O @trex_eu
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Targeting Real Chemical Accuracy at the Exascale project has received funding from the European Union rQ _><
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	Slide 1: TurboRVB and TurboWorkflows
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10

