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Prediction of crystal structures for alloys and compounds with arbitrary composition of elements has not been widely
performed yet, while current first-principles electronic structure calculations based on density functional theories
(DFT) might have enough accuracy in predicting crystal structures in most cases. One of reasons for that is due to a
large computational cost to explore vast configuration space in structural prediction by using molecular dynamics and
Monte Carlo simulations based on DFT. In this talk, we report an ongoing research to develop an accurate interatomic
potential of iron using a neural network (NN) method being a machine learning technique as a first step towards
structural prediction of magnetic intermetallic compounds. Behler et al. proposed a way of developing accurate
interatomic potentials using NN by letting NN learn a series of DFT calculations [1]. In addition to two- and three-
body structural symmetry functions as structural fingerprint proposed by Behler, we further introduce four kinds of
spin symmetry functions to develop interatomic potentials using NN which can treat crystal and spin structures on
the same footing. The total energies of reference systems with an arbitrary spin structure, BCC, FCC, HCP, simple
cubic, diamond, and their distored structures with ferro-, antiferro-, and non-magnetic, random spin structures, were
carefully calculated by using a constraint scheme, which has been newly developed, based on non-collinear DFT [2],
and all the calculated data were assembled to form a database as reference. By providing the database as a trainnig
set, we trained NN with a feed-forward network structure of four layers using a back propagation, stochastic mini-
batch decent, and residual minimization method. It is found that the mean difference between the reference DFT data
and NN is 9.6 meV/atom, which suggests that a highly accurate interatomic potential can be developed for magnetic

systems. We also discuss how the potential can be utilized to simulate crystal and spin dynamics on the same footing.

[1] J. Behler and M. Parrinello, Phys. Rev. Lett. 98, 146401.

[2] http://www.openmx-square.org/
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The realization of innovative hydrogen storage materials has worldwide strategic importance. Graphene has
recently attracted attention as a promising hydrogen storage medium. Indeed, graphene is lightweight, chemically
stable, and exhibits attractive physico-chemical properties for hydrogen adsorption. Furthermore, the interaction
between hydrogen and graphene can be controlled by chemical functionalization.

The energetics of the chemisorption of hydrogen on graphene can be modified by the local curvature of the graphene
sheet. Based on scanning tunneling microscopy (STM) we report on site-selective adsorption of atomic hydrogen on
convexly warped regions of monolayer graphene grown on SiC(0001). This system exhibits an intrinsic curvature
owing to the interaction with the substrate [1]. We show that at low coverage hydrogen is found on convex areas of the
graphene lattice [2]. No hydrogen is detected on concave regions. These findings are in agreement with theoretical
models which suggest that both binding energy and adsorption barrier can be tuned by controlling the local curvature
of the graphene lattice. This curvature-dependence combined with the known graphene flexibility may be exploited

for storage and controlled release of hydrogen at room temperature.
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Theoretical studies regarding metal atoms (e.g. Ti) deposited on graphene suggest that such materials can adsorb
up to 8 wt% gravimetric density of hydrogen. We investigate the deposition of Ti on graphene and its potential for
hydrogen storage [3]. The Ti atoms form small islands (diameter ~ 10 nm). The Ti-covered graphene was exposed to
molecular hydrogen, and then the sample temperature was increased while measuring the mass-sensitive desorption.
These desorption spectra show two peaks at 210°C and 290°C. Their intensity increases with increasing Ti coverage.
Our data demonstrate the stability of hydrogen binding at room temperature and show that the hydrogen desorbs at
moderate temperatures - both ideally matching technical requirements for hydrogen storage. To further increase the
hydrogen uptake of these samples we have recently increased the active surface for hydrogen adsorption by decreasing

the size of the Ti-islands and increasing their density [4].

1.S. Goler, C. Coletti, V. Piazza, P. Pingue, F. Colangelo, V. Pellegrini, K. V. Emtsev, S. Forti, U. Starke, F. Beltram,
and S. Heun, Carbon 51, 249 (2013).

2.S. Goler, C. Coletti, V. Tozzini, V. Piazza, T. Mashoff, F. Beltram, V. Pellegrini, and S. Heun: J. Phys. Chem. C 117,
11506 (2013).

3.T. Mashoff, M. Takamura, S. Tanabe, H. Hibino, F. Beltram, and S. Heun: Appl. Phys. Lett. 103, 013903 (2013).
4.T. Mashoff, D. Convertino, V. Miseikis, C. Coletti, V. Piazza, V. Tozzini, F. Beltram, and S. Heun: Appl. Phys.
Lett. 106, 083901 (2015).
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Hydrogen in metals has attracted much attention for a long time from both basic scientific and technological points
of view. Its electronic state has been investigated in terms of a proton embedded in the electron gas mostly by the local
spin density approximation (LSDA) to the density functional theory (DFT). At high electronic densities, it is well
described by a bare proton H* screened by metallic electrons (charge resonance), while at low densities two electrons
are localized at the proton site to form a closed-shell negative ion H- protected from surrounding metallic electrons by
the Pauli exclusion principle. However, no details are known about the transition from H* to H- in the intermediate-
density region.

In my talk, by accurately determining the ground-state electron density n(r) by diffusion Monte Carlo (DMC)
simulations with the total electron number N up to 170 combined with LSDA up to N—co, T will give a complete
picture of the transition, in particular, a sharp transition from H* screening charge resonance with a short screening
length to Kondo-like spin-singlet resonance with a very long screening length. The emergence of the Kondo singlet
state is confirmed by the presence of an anomalous (oscillation-period shortened) Friedel oscillation characteristic to
the Kondo singlet state with quantitatively determining its Kondo temperature Tk, which is well beyond 1,000K for
the electronic density parameter rs in the region of 3-8.

This study not only reveals interesting competition between charge and spin resonances, enriching the century-old
paradigm of metallic screening to a point charge, but also discovers a long-sought novel high-Tk system. Note that
according to heavy-fermion physics, superconductivity occurs in a Kondo lattice near quantum critical point at a
temperature as high as 0.17k. Thus, if a macroscopic number of protons are embedded into a metal (like in the metal
hydrides) and those hydrogens are so synthesized as to be arranged in the form of a periodic Kondo lattice with the
host metal in this intermediate-density region, we may expect the occurrence of superconductivity at T near 0.17Tx
(which is of the order of the room temperature) at the ambient pressure, contrary to the case of solid hydrogen or

sulfur hydrides under very high pressures in which rs is about 1.4.

Reference: YT, R. Maezono, and K. Yoshizawa, arXiv1507.06432.

40 PHEWIE LD OS5 B 35 i ana TERE N B



B S I - V572 0% 0o HBICBIT 52 HER
HEF : 2015 4E 9 H 25 H(&) Fi2 3 R~ Fie 4 ¢

LI MTERRZE i ACEE 6 B 58 1 ik (A636)

R TRYP B

g @ KECKFREEETeRl

¥E:

BRI DT RN F— 3B E R OB T RICKT 5V 4 7 17 b u VB AEERSENBN RV, ZDOFEFEIL Kohn
DOEBELELTHMBNTND, LML, 777 ZfRF SN D Dirac 17 B O RNVX—58E RO W ILE T R)
IZi%. 2@ Kohn OEEZWEATEXRWOT, H A7 v ba U HERICE R AEROMRIEND,

AHHTIE, 77 72ROV A 71 b a CRICBN D 2R E . DEE TR OEIERRH AL TIATAE RIZONT
AT D, £, HES T 72 RICOWTE, N=0 0T U F U D N=1 OF & TN A~OBRIHIGT 50 A
7o ke rRIEE A ESEHRENENT. Kohn OEHTLAICHIL LTS &L LN ahole, ED—
5T, N=-1 5 N=2 ~OBRBICHIET VA 7 v bu BT EERREN BN D, KEICRBRHIUE, 8
757 = RITHT DFRERIT OV T HIR 70y,

B A T4 —RIVEI T — - HiE I J— : The dynamics of a quantum spin liquid
HEf : 2015 4E 9 H 28 H() “F#& 1 K~

5 - IIPEDFRIAEE 6 B 55 5 £ 3I ) —= (A615)

Ml : John Chalker

A : University of Oxford

EE:

I will describe recent theoretical results on the dynamics of a remarkably simple, exactly solvable model — the
Kitaev honeycomb model — that has a spin liquid ground state. In this system, magnetic moments are "dissolved" by
quantum fluctuations and reform as new degrees of freedom: mobile fermions and flux lines of an emergent gauge
field. I will discuss the implications of this reorganisation, known as quantum number fractionalisation, for

measurements of dynamics such as the inelastic neutron scattering response.
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