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材料科学と情報科学の融合
ĠéĔ» ÜÏĔ»

ĔƙƖĶ ÉÃÒƖĶ ĔÒƖĶ ǁǦƖĶ ńëĠé

bėö
bìı
b¢®��

āĈ�`ºĂzäðy
¿ěÛjĳĸ

~C{_Ùwgs
ćó£^ĠéĳĸBÛĶ

b�e�Ŏśà
błƿŨùĐ
bìǕèƜ

マテリアルズインフォマティクス：

bÉŴŌ§e�e
b� °�®�������
b­�¦�¬¡«eǥöÞ

Ġé¾æ`ÓĪz~um�



�F#NKO#KLF#�!-!HUOFO
KBN#FRFPU

Multi dimensional
data

�QNLKOB��PN!PBDU

0 dimensional data

Hc

0.5GB/scan

Dimensionality 
reduction

Domain
nucleation

Grain shape

Persistent
Homology

Statistical 
analysis

Magnetic 
domain 
structure Domain wall 

propagation

Grain boundary

b½ƳďƋmÀéǝº ÃŮ�e�AÖƵ�e�mÀéĞǇ�
b�Cvx}�����wC~änbǥķŗţTymłƿŨǝº
b�e���°�ƅiǥúìıimØĵŗƲ

�PN!PBDU

ŘƨŮǤǏÃŮ
KerrǤǏǜ
ÎÏÃĞĐƫ

Machine
Learning

Cluster
Analysis

ïĵăô¢jĆqs��rùį

¶±mĆĊ

Nature Partner Journal 
Computational Materials 
5 (2019) 39

êĬĪōèµǍ
êĬiĪō
62, (2019), pp 153-160

Ēqj¢­�««e�rhrzb



Magnetic domain Persistence Diagram

(x, y, H)

Macroscopic function

�PNQ#PQNB �NKLBNPU-B!PQNB�OL!#B

Ms Hc
χm

�!#EF-B
�B!N-F-D

�BNOFOPB-P
�KIKHKDU

(birth, death, H)

Magnetic Field

M
ag

ne
tiz

at
io

n

(x, y) (birth, death)

�-RBNOB
(-!HUOFO

ïĵăô¢jĆqs�r�ÒĒz�r�¾æ`ĊÊ



�K#F!H��BBAO�!-A��OOQBO�F-�:B#E-KHKDU

�KPKN

H1H)USL)�:HKL)1HT

EV30@30

(	)	³rhlÔęůĄīāmod
ĔúÀéęmơt{ļ¿~)	�Ă¹lĖv^

���C
¡�°ª°�C
¡ª°�C
±¶C
¸´
Ɲ

ĔúÀéęmƪòđƫ

2144OEHSJ

�©�Àéę

ĿńÆĠé ÕńĴĮ�
âykáǥÙ l ���«��Ɖmřē

ľńÆĠé Ĝąńë�
²skáǥÙ l í²��¬�eųmă¹



 �°�ǥķ

ńÈ�x}�vx
Magnetic domain

�r�¾æz�r�ÒĒ`¹©aĝtğ¸_v^kuxg^g

ĚǡÍĕ
ĎĬǇºç

ǥķŗţ(İûzkn)

ńÆĠé_inhęĨÆ
ńêùÿ

ŏÍăöĔǥƾƱ

Missing link

"!SLPJ�.�(	
.1ï ,%
	�

�x}�vxđ(ċđ)
=“��qCđü

ŃÐ���s

Ń¤���s

���sńê

³ńª



�U-#ENKPNK-�N!AF!PFK-�!-!HUOFO

Dy richDy poor

Triple point

Chemical map and magnetic domain of NdFeB

�KS�PEBU�#KNNBH!PBO

�F#NKO#KLF#�LNKLBNPU0��DJPHUL)�G4ODLP��"HJSHJDUL4P���HUD114JSD5KL)�TUS9)U9SH�

�!#NKO#KLF#�LNKLBNPU0�34HS)L:LU=���DJPHUL)�O4OHPU

R. Yamagchi et al. 
IBM J. Res. Dev. 55 (2011)  12



�!D-BPF#�AKI!F-�OPNQ#PQNB� RO I!D-BPF#�CFBHA� 10



12

I!D-BPF#�AKI!F-�OPNQ#PQNB

YIG Garnet
hdemagnetizedi

�!D-BPKOP!PF# B-BNDU
4HODJPHUL>DUL4P�HPHSJ=�E=�T9SID)H�

ODJPHUL)�541H
-B!PQNB� �FAPE�KC�I!D-BPF#�

AKI!F-

�KI!F-�S!HH�B-BNDU
6SDG9D1�S4UDUL4P�4I�ODJPHUL>DUL4P�

D)S4TT�G4ODLP�XD11
-B!PQNB��
K-PKQN�KC��KI!F-�

S!HH

�DJPHUL)�G4ODLP�LT�I4SOHG�U4�OLPLOL>H�U4UD1�ISHH�HPHSJ=
YI�O#!HB e O#!HB

�DJPHUL)�G4ODLP�4I
!HS5HPGL)91DS�ODJPHUL)�

#KLP�IL1O
W�!9B�L!PPBN-;

��.�BMQ!PFK-�#!-�-KP�BTLH!F-�KNFDF-�KC�#KBN#FRFPU�#KILHBPBHU




H!OOF#!H�FI!DB�!-!HUOFO�KC�I!D-BPF#�AKI!F- 14

²ŦÑk
wyt

ǔǎŗţ

�BNOFOPB-P��KIKHKDU

Domain wall

Blanch point

End point



15

KHO4J14ELP

�!P!
8P59U  9U59U

!HSTLTUHP)H�4LDJSDO !4�

!HSTLTUHPU�K4O414J=

2LSUK 4HDUK�

!HSTLTUHP)H�4LDJSDO� !4��� KC�LKF-P�#HKQA -!PPB-F-D� -FHPN!PFK-�

�BNOFOPB-P��KIKHKDU 5GH1TES9PPHS��3DS1TT4P  (		)��(		��

3KDSD)UHSL>H�K41HT�LP�GDUD
4HT)SLEH�P9OEHS��
TL>H�DPG�TKD5HT
O91UL�T)D1H�DPD1=TLT

4H
DU

K�

2LSUK

8P:HSTH�DPD1=TLT

Obayashi, Hiraoka arXiv:1706.10082v2 



16

1U4OL)�)4PILJ9SDUL4PT�4I�TL1L)D� "L (�


�GLO�5HSTLTUHP)H�GLDJSDOT�4I�TL1L)D

Y.H., et al. PNAS (2016)

MD simulation

HomCloud

glassliquid crystal

(LLHF#!PFK-



19

Ýč¥zqx`ç·Æ`×å

a b c d

e f g h

B

C
A

�r�^ń² ìĲ`ļ®�a��y>�r�^�Ĺùÿkġ^hńêùÿ

Ë»ĕĽAË»ǥÆAƗk{���«��¬e¢hmǥķŗţ

śÕ��� 
)		9O?
)		9O

¬e¢ƸlƗk{ǏƞďƋ
²ŦÑkłƿnƏǌ



21

a b e

f g h i j

-1 Oe -146 Oe

173 Oe 138 Oe 102 Oe 66 Oe 31 Oe

-34 Oe -72 Oe -107 Oe

ńêùÿ`Å¦ń�İĎÆ

Å¦ń�_İĎqx>ńêùÿk´Ê£_ñ²

³ńªÞĽ

ƠǥķmÈø Ơǥķmþſ ƴǃömĖ²

ƭŤŒǥķmŰø Ǡdlqjv{ ǨĀp

śÕ��� 
)		9O?
)		9O



28

�QII!NU

B ���wp�~C{ÛĶ~ƭŤŒǥķŗţlƒäzA
ǥàįŉŁŸlpv{ �°����mŎśà~ŋsb@

B �Cvx}�����wC~ängA
ǥķŗţm�¤®��¬kłƿ~ǝºzb@

B ðøÃÃǇ~äng�Cvx}�xĐz
ńÈ�x}�vx` ò©èjùįzb@

B íĿÑlA���stm� ���wp�ħĻ�j
�¼£_õû²^{xirhsb@



�Â¶Ĕ�» µŅāĈČ  :KGUK��-FR���#FB-#B���KPOQDF��!?��
×ÂǋŻ CDODGD�#DM9OL�CƻČĪǖ "9>9ML�"KLPJ4�CƻČƈū "9>9ML�C9UD�

�Ë�»(���� :KEKGQ��-FR��(����
ąĺǂǈ 7LSD4MD CDT9DML�
žČĀ· 1MDJL :D>9U4�
²Ƅ»ą  ED=DTKL�855HL�

�,���-
âÕǘū  P4�:DPUD�

��:
¹ÕǓǒ AHP4�#HUT9S4�

����
ôǛŐŶ �LUT9ODUD 3KLKDS9�

(#G-KSHBADBIB-PO

âǧĪ· :4UT9JL��DTDU4�
ƊşcŘƨŮĐƫCǥöƖĶ

(	
�g Åñãƌ²è
(		-g "!SLPJ�.
(		) Ħý²èŘƨŮ�°�e
(		
g �DY�!1DP)M�ťż÷




