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The multi-industry CAMP program on the Earth Simulator (ES) is focused on dealing with various kinds of nanostructure

materials of which calculated results are to be used as integrated information of comprehensive skills and knowledge base

on computational materials science. Discussions in the FY2005 are, mainly, focused on two typical methods to utilize calcu-

lated results to overcome multi-scale problems. We have developed two programs by which we can obtain information on the

electronic structures of the atom in Coulomb potential field in materials and the interatomic potential energy from cluster

calculations applying the modified Mobius transformation based on the number theory. Our approach is applicable to other

extended systems.
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1. Overview of the Project

One of the most important problems in the computational
materials science is the multi-scale one; the first principles
calculation can not always provide efficient information for
the classical molecular dynamical potential parameters to
overcome the threshold between the nano-scale and meso-
scale systems. The goal of our project is to create the inte-
grated knowledge base by exploiting calculated nanostructure
material databases. We have developed two codes in the ES
during FY2003-2005. One is for the non-periodic nanostruc-
ture system for molecules and clusters by the standard linear
combination of atomic orbitals method using the norm-con-
serving pseudopotential (LCAO-PS). The other one is for the
periodic system, CAMP-Atami, which focuses on electronic
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structures for not only ground states but excited ones by solv-
ing the time-dependent Schrodinger equation based on the
standard density functional theory (TDDFT). The character-
istic feature in our approach is that the Schrodinger equation
is solved on a real space in both codes. In FY2004, we have
developed an interface between LCAO-PS and CAMP-Atami
code. In this FY2005, we developed two schemes to obtain
physical information from calculated databases; the oxygen
charge density and potential field and interatomic pair poten-

tial from the nano-metal cluster calculations.

2. Atom in materials
We summarize our method on the multi-center numerical

integration scheme by dividing any physical quantity into
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each atomic site with a localized fuzzy cell type weight

function as follows.

The numerical integration points are given by one-dimen-
sional radial part and two-dimensional spherical grids; typi-
cally 50 times 200 at each atomic site to obtain 6-digit accu-
racy. The parallelization of computing whole physical quan-
tities is performed by atomic site using MPI. Each physical
quantities requires us O(N?) calculation after determining the
Coulomb potential field. It is the most important problem to
calculate the accurate Coulomb potential and energy in the
DFT. The key point in our treatment is that the Coulomb
potential is given by just superimposing each contribution
from each atomic site, which is completely parallelized by
using MPI, i.e. O(1); it takes typically 20 seconds irrespec-
tive to the number of atomic sites.
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Our present code had been modified so as to be able to
pick up a kind of pseudo-atom for an arbitral number of
charge by controlling the shape of w. We can utilize them as
the initial charge density and potential field to construct
materials. Figure 1 shows spherically averaged radial
distribution of O* charge density difference from the
free atom in various oxides. O*" does not change significant-
ly in various systems. Figure 2 is an example of non-spheri-
cal charge density and potential field. Figures 3 and 4 repre-
sent the atomic energy levels of O* in typical oxides. In
ALO;, it is shown that O™ is more stable than O'". Energy
levels of the atom in oxides agree very well with the bulk

density of states.
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Fig. 1 Spherically averaged radial charge distribution of O* charge
density difference from the free atom in various oxides.

Canonical means the averaged one.
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Fig. 2 Non-spherical charge density and potential field for O* in VO,.

0 is the degree of spherical harmonics.
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Fig. 3 Potential field and energy levels of O* in PbTiO;.
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Fig. 4 Potential field and energy levels of O'~ and 0% in Al O;. Total energy of O* ion is more stable than O'".
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3. Inverse problem

The inverse problem is one of the most important ones in
terms of the modeling for the first principles calculation.
Applying the well known Mobius transformation, Chen[1]
developed a 3-dimensional inverse transformation scheme,
modified Mobius transformation, for the system of a case of
the periodic lattice. We applied it to the cluster system.
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E(r) is the binding energy of the cluster determined by
the first principles calculation and @ is the pair potential.
R, represents the lattice position. w(n) is the number of

equivalent sites at the distance r. u(n) is the modified
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Mobius function which is determined by the semi-group
property with respect to the lattice periodicity related with
the multiplication of v'n . Figure 5 shows examples of pair
potential energies by this scheme.

4. Summary

We have been developing parallel codes for dealing with
transferable knowledge base during these three years. The
efficient computation by the ES provided us to not only pro-
duce direct simulation data but create and utilize knowledge
base obtained from the self-consistent results. Our treatment
will be efficient to develop further materials design in any
situation.
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Fig. 5 Interatiomic pair potential determined from nano-metal clusters, Nbs,(bcc) and Pdss(fec),

using the modified Mobius transformation scheme.

206



SHELBE R RL 0 72 0 W IR A S D BT

Judxs VEEE

K REF CAMP # —7 (Collaborative Activities for Materials Science Programs) *

HH

PN R HA TR & (k) S0 - BREEBE 78T

*CAMP 27 Vv—7 % N —iZ

NEC Corp., Fundamental and Environmental Research Labs.
Toyota Central R&D Labs., INC

Sumitomo Chemical Co. Ltd., Tsukuba Research Labs.
Toshiba Corp., R&D Center,

Mitsubishi Heavy Industries, Ltd., Advanced Technology Research Center
Asahi Glass Co. Ltd., Research Center

FDK Corp., R&D Div.

Central Research Institute of Electric Power Industry

Fuji Research Institute Corp.

ANCL, Inc.

NEC Informatic Systems, Ltd.

NEC System Technologies, Ltd.

Chapter 4 Epoch-Making Simulation

2003 4 BE A B3 4EEHE Tl F 5 72CAMP-ES 7 uv= 7 M3, #ELE Oh 2/ A7 av= s M. IR LR D2
HE OV AT APWYRZ 22007075 DI LT, 7 =5 #Hh LA =2 2 G H oL E ZHBEL
TRFEMOEMERAME T OVt ThE, BEZEMTHE L TOT I2E, 5T - 7IAF =L EDIEAMZ D720 D
LCAO-PS 7 524 —a—F &, # 8 %0iE a— RFCAMP-Atami T dH 5, A7V MCBIFA2WERYI2L —arid,
BB 5t ER T TlE %l K04V 7)) VoV MR RPE T 2 5 RS IIR L WEN O T B DL R BRIEICH
BNEHRRIZY RVF AT VRIS TELE) T ANV F =G H PO R TR Ty Yy 2 RO72DLT RNDBHD
AF T NDEH DT HIETH b, WEARDHHMN —ADOFELTHEHEATVHBEDLIBRETICH L L) FpleF

PG AY =R AR AC YA LW e i TEFH AT 2ol 2 KD 78R 2R3

% —17 —[ : pseudo-atom, inverse problem, pair potential, nanostructure materials , knowledge base

207



