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= i The 12th Joint Seminar ﬂ.aauery&

e (Co-organised by MEXT Fugaku Battery & Fuel Cell Project) Eugaku  Fuel Cell

On-the-fly machine-learned inter-atomic potentials
Chair: Dr. Yoshitaka TATEYAMA . (MANA Pl / Deputy Director, GREEN)

Dr. Ryosuke Jinnouchi

(Toyota Central R&D Labs., Inc., Japan)

First principles molecular dynamics (FPMD) is a powerful method to predict properties of a wide variety of materials. However, predicting finite-
temperature properties of complex systems is still challenging because of its limitations in time- and length-scales. Empirical interatomic
potentials can extend the applicability of MD simulations, but their constructions always need a lot of human interventions. and constructed
potentials often suffer from significant errors. Machine learned interatomic potential (MLP) is a promising method to solve the problems.
Flexible functional forms of MLPs allow to accurately reproduce FP potential energy surfaces, and recently emerging active-learning schemes
enable efficient constructions of MLPs. In this presentation, We present an active-learning scheme constructing MLPs on the fly during FPMD
simulations [1,2]. Similarly to other MLP schemes [3.4,5], structures that appear during the MD simulations are mapped onto deseriptors [6,7]
representing atomic distributions, and the potential energy is deseribed as a function of the descriptors. Bayesian inference provides a framework
to estimate uncertainty in energies and forces predicted by the MLP. The estimation allows the machine to judge whether the predicted results can
be used to update atomic positions in solving equation of motion or not. Only when the machine judges that the MLP is inaccurate, FP
calculations are carried out. The obtained FPMD data 1s incorporated in the training dataset and is used to update the MLP. The MLP scheme has
been successfully applied to predicting liquid-solid phase transitions [1], solid-solid phase transitions [8. 9. 10]. thermal conductivity [10], and
hydration free energies of ions and adsorbates [11,12]. After presenting these application examples, We present remained challenges in present
MLP schemes particularly in applications to heterogeneous systems. Required improvements in the MLP scheme will be discussed.

Auditorium, 1F, WPI-MANA BIdg., Namiki-site / Zoom (Hybrid)
November 26, Friday 13:30-14:30

https://forms.gle/W11hP951K59ebHSES

Contact: International Center for Materials Nanoarchitectonics (MANA) & Dr. Y. Tateyama at TATEYAMA Yoshitaka -at- nims.go.jp
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A | MANA & GREEN The 13% Joint Seminar (3:fe)

H i A3 12 H 21 B (K) 13:30 ~ 14:30

T NIMS A—F 4 RUT A + F 541 B

E3lES 04 (VA b:244, T4 :464)

The 691 MANA & GREEN The 791
The 13" Joint Seminar ;i .suess

(Co-organised by MEXT Fugaku Battery & Fuel Cell Project) Fugdaku  Fuel Cell

Quantum Computing and First-Principles Calculations:

Seeking a Killer Application of Quantum Computers
Co-Chair: Dr. Y. TATEYAMA (MANA (PI) / GREEN) & Dr. A. Ishikawa (GREEN)

Prof. Wataru Mizukami

(Osaka University, Japan)

The development of quantum computers has made significant progress in recent years. Say. IBM announced
a 127-qubit quantum computer on the 16th of this November. The realization of a fault-tolerant quantum
computer with error correction is becoming a reality. although all the current quantum computers are without
error corrections. In this light, the search for applications of quantum computers becomes more and more
active. Among them. first-principles computation is attracting attention as a killer application. This talk starts
with a brief description of quantum computers and explains why first-principles computing matters. Next. I
illustrate the current status of first-principles computation using quantum computers. including our research
results. Finally. I talk about the current challenges and outlooks in this field.

Auditorium, 1F, WPI-MANA Bldg., Namiki-site / Zoom (Hybrld)
December 21St Tuesday 13:30-14:30

Contact: Dr.Y. Tateyama at TATEYAMA Yoshitaka -at- nims.go.jp & Dr. A. Ishikawa at ISHIKAWA. Atsushi —at- nims.go.jp
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