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Japan Atomic Energy Agency (JAEA) conducts research and development (R&D) in
various fields related to nuclear power as a comprehensive institution of nuclear energy
R&Ds, and utilizes computational science and technology in many activities.

Over the past 10 years or so, the publication of papers utilizing computational science
and technology at JAEA has accounted for about 20 percent of the total publications each
fiscal year. The supercomputer system of JAEA has become an important infrastructure
to support computational science and technology.

In FY2023, the system was utilized in R&D activities that were prioritized in the Fourth
Medium- to Long-Term Plan, including contributing to carbon neutrality through the
development of innovative technologies such as improving safety, creating innovation by
promoting diverse R&D related to nuclear science and technology, promoting R&D in
response to the accident at TEPCO’s Fukushima Daiichi Nuclear Power Station, steadily
implementing technological developments for the treatment and disposal of high-level
radioactive waste, and supporting nuclear safety regulatory administration and nuclear
disaster prevention by promoting safety research for these purposes.

This report presents a great number of R&D results accomplished by using the system
in FY2023, as well as user support, operational records and overviews of the system, and

SO on.

Keywords: Supercomputer System, Computational Science and Engineering, Simulation,

Numerical Analysis, Annual Report
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Nunomura, K. Shmizu, K. Hirayama, H. Toda, M. Yamaguchi, T. Tsuru, J.
Nakamura, S. Tkeno, K. Matsuda, “Existence of hexagonal tabular B-phase in Al-Mg-
Si alloys containing noble metal elements”, Mater. Today Commun. 35 (2023) 106198.

@EF - MEFER (£ 3, #4 1)

10) (Invited)T. Tsuru, I .Lobzenko, DFT-based description of dislocation core and dynamics
in BCC HEAs, THERMEC 2023 :12th International Conference on Advanced
Materials, July 2-7,2023, WIEN, Austria.

11) (Invited) T. Tsuru, First-principles study on mechanical properties and dislocation core
in BCC refractory high-entropy alloys, The 11th Pacific Rim International Conference
on Advanced Materials and Processing, Nov.19-23, 2023, Jeju, Korea.

12) (REGEEF)ARRE C, B HIEICHR LG & EBOFE, HABKESFHE S
HRF O A-TS  01-15 #fF7E2, 2023 4F 12 /1 18 H, KK

@D,

13) (e Stk I 1 M%Bf%‘ [FHRER 22 AW TESDOME %2 34 % — TR I
ERBERI RIS S A4kl — 1, BT M ORFFE IR R 2023-24, p.40.
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512 RREAEOHWMFERTOIvILEFE
Development of Machine Learning Potentials for High-Entropy Alloys
7Yoo 430, FE OFHI
MRS T2t oe 7 v — 7
(1) FABM:

High/Medium-entropy alloys (HEA/MEA), which contain three or more principal
elements, are part of the novel materials group called multi-component alloys. These alloys
have attracted extensive attention from materials science communities because they exhibit
outstanding mechanical properties such as high strength and ductility. However, the vast
number of compositional variants of multi-component systems hinders efficient
experimental studies. Such problems of HEA as mechanisms of deformation and the
influence of chemical short-range order are among topics that require better understanding.

Theoretical studies of mechanical properties are mainly associated with two levels of
approximation: (i) quantum-mechanical (density functional theory, DFT) and (ii) classical
molecular dynamics (MD). The recently emerged method of building inter-atomic potentials
using artificial neural networks trained on a data set calculated in DFT is a unique approach
that combines the advantages of both classical and quantum-mechanical approximations.
Due to the usage of machine learning techniques, such interatomic potentials are called
machine learning potentials, or MLPs.

In this project, as shown in the schematic Fig. 1, the combination of quantum-mechanical
and classical modeling is used to improve the understanding of the mechanical properties of

multi-component alloys.

-?-::!:Iln ofa check with basic properties:
ini
machinge- e - ] bulk and
learning 2/ £ 0 | elastic
potential A large E 200 || constants
(MLP) data set of 150
geometries E 1::
with DET <
Shexgies LT T

Step 2.
Large-scale
molecular

Screw dislocation shape and dynamics, which
defines mechanical response

dynamics
using MLP

e HE @& o B @ o
..... Fon A N s Movement
H-®-0 - E-0+-0-m-® starts
R Rk R i E,w
® -1 - e-D-~2 @ -0 %snu

f113 y .
11227 <irain

Fig. 1. The use of artificial neural networks in predictions of

mechanical properties of materials.
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The use of the HPE SGI8600 large-scale supercomputer is necessary at the dataset
preparation stage. That step requires calculations of a wide variety of atomic structures to
obtain a representation of the system's energy landscape. The variations of the energy
depending on the geometrical characteristics of atomic environments in different structures
are then captured by the MLP. To reach high accuracy of further classical MD calculations
with the MLP in this project the highly reliable DFT calculations of the energy of
corresponding structures for the dataset are employed, which requires large computational
resources and is only possible on a supercomputer. In this project, the HPE SGI8600 is also
used at the stage of MLP training, for the capabilities of the nodes with graphical processor

units (GPUs) significantly improve the speed of such calculations.

(2) FIARE-BR:
1) Research targets of FY2023 project

The work performed in FY2023 was focused on improving the quality of the previously
built machine-learning potentials (MLPs) for BCC multi-component alloys. The MLPs were
improved and allowed for the modeling of dislocation motion in classical molecular
dynamics (MD) simulations.

2) FY2022 research results and their importance

With the improved MLPs, the mechanical properties were studied in two BCC medium-
entropy alloys (MEA), MoNbTa and ZrNbTa. The two materials were chosen due to their
close composition and the most stable BCC phase. Therefore, these alloys open up the
possibility of unveiling the role of group IV element Zr in the mechanical properties of
MEAs.

1. Screw dislocation shape in BCC ternary alloys.

To study the shape of screw dislocation, it was introduced at the center of the (111) plane
of the structure with 400,000 atoms. It is known from the elasticity theory that a dislocation
introduces a long-range stress field, and the size of the model system should be big enough
to reduce the influence of the model's boundaries. The accessibility of such big atomic
models is the main advantage of classical MD used in the present project. Another
advantage of a big atomic system is in the possibility to fulfill the condition of randomness
required for MEAs.

After the introduction of the dislocation, the system was relaxed, and the shape of the
dislocation core was analyzed. In previous works on MoNbTaW refractory HEA two types
of screw dislocation cores were found. Due to the inhomogeneity of chemical environments,
the core may suffer the extension on the (110) plane, which makes it non-compact if such
an extension is large. Our analysis of the differential displacement maps shows that the

dislocation core in MoNbTa is compact, while it is of ZrNbTa is non-compact.
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2. Mechanisms of strength associated with dislocations mobility in BCC ternary alloys.

Applying the shear strain to the system makes it possible to study the movement of the

dislocation. In the present study, the dislocation dynamics under shear were analyzed, and

two main strengthening mechanisms were found. The first one is so-called pinning (see Fig.

2a), which is seen when, due to the unique chemical composition in a particular region of

the alloy, the energy barrier of the movement of the dislocation part around that region

increases, which prevents the whole dislocation from moving further. The second

mechanism is the so-called cross-slip (see Fig. 2b), which is characterized by the movement

of some parts of the dislocation in a direction not consistent with the slip plane.

a) | b)  Cross-slip

Pinning

Fig. 2 Atomistic configurations representing pinning and cross-slip, the two main mechanisms of

strengthening in BCC MEAs.

@) BRURMER, TLRHER, wXF):
OfRmX (EFtdHY) (HRFE 2H)

1)

2)

I.Lobzenko, T.Tsuru, H.Mori, D.Matsunaka, Y.Shiithara, Implementation of atomic

stress calculations with artificial neural-network potentials, Mater. Trans., 64, 10,
(2023), pp. 2481-2488, doi:10.2320/matertrans. MT-M2023093

I.Lobzenko, T.Tsuru, Y.Shithara, T.Iwashita, First-principles atomic level stresses:
application to a metallic glass under shear, Mater Res. Expr. 10, 8, (2023), pp. 085201~
085213, doi:10.1088/2053-1591/acf2da

O - EN=E 2H)

3)

4)

I.Lobzenko, Y.Shithara, H.Mori, D.Matsunaka, T.Tsuru “Atomic stress distribution
near Al surfaces, calculated using artificial neural network interatomic potential”
THERMEC’ 2023, Vienna University of Technology, Austria, 2023.

I.Lobzenko, Y.Shiihara, H.Mori, D.Matsunaka, T.Tsuru, “Developing interatomic
potentials for mechanical properties of multi-component alloys using machine learning
technique” , The Japan Institute of Metals and Materials 2023 Autumn Meeting,
University of Toyama, Japan, 2023.
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513 BEHREHICI - TEESNGHRYMEDERR

Exploration of Novel Physical Properties Driven by Irradiation
Bl L
TR BT S8 7V —
(1) FABE:

AWFZED B#JIE DNA Z 4R | bRk x ISR L CHERBRIC K 2 b 48 9 Gt S 2 7
LEWMNITDHIEThHD, TOVAT LERND Z LT, #EROFWERZ THO BN TE T
IRT A= BIIHRIBG 2 #7270 3T A =2 L L CGRINT 5 2 LR TE D720, HHIREREN Y
PEFE WD B R Z BT 5 2 E N AIRRIC R 0 L BT LW RGOS 2 IR—ET 62 & %
HEEd

FRICIRMARD T 2 #EEE LT ARFRYTREE P T A XE AL D DNA 2DV TR & 72 iF 5808
T T& 7223, DNA OFEREBIZ—RICHTH O SMEELO A2 K E < Z TR <
RO FEBUINETH -7, £ 2 TRMETIIARMY 2 Lo TICETMIEEZE 2 B D U
PREEIHCIER 35 & & bI2. ZAVE THIDO R W BEN A 3 O WA DO KBS I = L—
va THIRT D,

A== Ca— 2 MM T U8 MEZR~5, DNA O _ELEAMELZHET 5720
’i%ﬁf%(ﬁoﬁ%ﬂ%%&éhéiﬁ%ﬁﬁﬂgfﬁb Z DEAIRHEE B — IR BEF

WCEoTHRAT 2 ZL1X, BROUV—I AT —va L LDAE Y TIEARAEETH D, L
L\ﬁ%ﬁ%%@x—A—:/t;—&SGB%OTMV5777me4kkPT64/—
R%& 7 WVIZHWT 11520 GB ® A Y VW5 Z & T 650 JJ T OFHENTREL 70 b, iz,
DNA O EMEZ KD 572901249 3000 / — REEMZ LI L3528, @EHHD 12000 / —
NI CIERIEICAR R T 5720, RAFHOLEM R VRN H 5,

(2) FIARE-BR:
1) &0 5 FEREOER H %

HEEE DN TR T 2 U SR AT AIFSE 7 L — 7 Tl W%ﬁ%k#ﬁﬂﬂhPHHS%%%
LTW5, AR CIERMIC PHITS (2 X0 gt s WEOMAERZHET 5, KRIZ
JREEE Y 7 b7 =7 OpenMX (2 K0 Bt & WE O EAERM ORER, WEIZAEL 55 ?%
& - AR R LV TREAT 2, &EBIC, B REGEN ORI E FREBOMEZ
HICHRRET NV E A, EERBEEIY \)\/uf“/ﬁ\ﬁiﬂ’*]foﬁ%ﬁﬁ%‘i’a‘:ﬁ’%@ﬁ‘éo

IR AT, DNA IZRE U CIs EEPLBE SR B 3m O #7400 [ RE « SREERD DI 1 EO
%%%@D%<i9ﬁﬁ%bﬂf%&wmwhme®ﬁ$7/yyw%&ﬂiézkm;
S TR ZRR =V FE 5, KMIEORRZENYS (FAWHEYS, AR 7R)
REEESH (REI21) TH#E L. proceedings Z5 i X fad 5,

2) AN b A OWIFERR & £ D BB

PHITS (2 XV REMDS DNA ([Z5| &R TEBHAZHEL, S HEHEY 7 v T

OpenMX % AW TCERES & Guanine, Cytosine D27 MR —kEIZ58 72 > 7= poly(CG) D4y 4
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%«Hxﬁbmmﬁé#%ﬁ%v«wf#%u‘_o ZOFER, 1~20 OEBEEIZI WV THIER
ECITBAEHR A 9 Guanine PMEFRINIEICTH LG L, BN Z < e d L 2EROHEL
izéfﬁéﬁ)ft%}iﬁi\ FICFHGTDHZERHLNICR - (K1) . —FEHERESITIEH
DH. BRI X D EREBEER —RICHERTE T,

EJ. %ﬁﬁ%‘i#%ﬁﬁféﬂégﬁﬁ\ Al poly(CONZ DN\ TH— I D72 Ik
REOMERZ RICHRETT NV EMEL Z N TE 1, 2 X - T, ETHBZ I AA TEER
R E T 2 AT v IR T D1 E -T2, ZOWER T, DNA OERESET 2L
(AL FHOWEBIBOER A KREL Y, HHETRTROLND “EONEFRE LIEE

IR E AR IRER BN -, 2 A HEcELZ S 7200 DNA ICHE BB 2175 2 &
T “HWERE” BNEBTLZERHHFINIFERTHY | BUHBEFIC L > TlBEIsh D
BHTE DG A AT LB 2 TV D,

BARM R E L TlE, BEEE N Z WA O R R4 REI21 @ proceedings & L C
Nuclear Inst. and Methods in Physics Research, B |2 L& HRE A TH 0 . [HERE %T@
TI‘7<5'*—§=E<%% fh. EWNFETIEE 78 M A A Y20 AR, FH=REERY
B HHEFRER O DB E LT o712,

(a) & (b) 201
CEZEREY A B

foké

s
£

© 2024 Elsevier B.V., its licensors, and contributors.
X 1. (@)1 ffi, (b) 20 ffi DNA DAL A b, DNA ITEFIZ AR S 7= i SR oo i b op
FINHDY A ~EKIE L, DNABERSER SN TWHL EREY R hase 1],

Q) BRUYRMER, TURARR., RXHF):

EZN
(2liii}

1) [HhE] [EHA] [IF=1.279] [#%F : Numerical calculations were performed using
- and the supercomputer HPE SGI8600 in the Japan Atomic Energy Agency.] Takuya
Sekikawa, Yusuke Matsuya, Beomju Hwang, Masato Ishizaka, Hiroyuki Kawai,
Yoshiaki Ono, Tatsuhiko Sato, Takeshi Kai, “Changes in molecular conformation and
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electronic structure of DNA under 2C ions based on first-principles calculations” ,
FarRFHH - 2023 A 10 H 27 H,BHE5C : Nuclear Inst. and Methods in Physics Research, B,
548, 165231 (2024) 6p.

R AN 2
VAN ANIES

2) T.Sekikawa, Y.Matsuya, H.Beomju, M.Ishizaka, H.Kawai, Y.Ono, T.Sato, T.Kai,
“Detailed molecular conformational changes and electronic structure of DNA
irradiated with low-energy radiation based on first-principles calculations”, The 21st
international conference dedicated to research relating to radiation effects in
insulators and non-metallic materials, 2023, Fukuoka.

3) T.Sekikawa,Y. Matsuya, H.Beomju, M.Ishizaka, H.Kawai, Y.Ono, T.Sato, T.Kai, “First-
principles calculations of DNA irradiated with a proton and a carbon ion beam”,The
International Symposium on Quantum Science,Technology and Innovation, 2023.

EN =

4)  BNEH, 7 7 > R D o AN IIE N DE5AZ R B 26 78, Ve i 2, TR 3G hil, “Ji
SRRFBEIEFLDS b 72 59 DNA O4 Fi%1E & B RIEE(LOH —FEEIE B Ay
R T8 MEER R (2023 F) .

5)  BAJIE, 7 7 2 s R o N ARSI N HBL 2 KRB #6352 iz rs, PR R4, “ i
SHRRAE M R O B IR IC BT A3 B S 2 L—3 3 » —DNA O EEIC X 5
BAIRE~OFE " HAARETERZEEE S HEIFEMTAS (2023 4 FHAEH) .
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514  PHITS a—H% AHAXEV T+ PHITS-Pad O H

Development of User Input Support Software PHITS-Pad
A ERER
TS RSB RATAIE L —
(1) FABE:
TR AT = — N PHITS 13, AEE D 3 GG RIZIT DR & 22 BB D 25 8) % Mt 9
HZENTELRHOES TN Ea— RTh5H, HF1 64 3 ARELS T PHITS O % &k
139,000 4 82 TRV | AR AR e . IESRERGR A, BRI, BRERHE & Vo
ToMEIAW B CRIH ST b, —J, PHITS #5797 57-0121F. < DT A—XDE
ke ANERZHEMT ZULERND D, PILEICE > T, 2hbrd~=a 77 8 TR
% FMA PHITS Z ka9 cFIA T 2BEOBELZm < LTne, £Z2 THAIL, 2—Hnx
LA AN Z 7 ANV TE D L OIS, 2= ZEEAT O I D2 RREL & DY 7
Ny =T OB EED CX7, Z® PHITS 7 %X h=F 1 % PHITS-Pad (Z13/XF A —#
DIFMERL SRR FREEDFEE SN TEB Y AT 7 A VOIERRBIER XV
i & 72 572, PHITS & W WFFEBAR D H 22 DA <D,

(2) FIARE-BR:

PHITS-Pad |Z1%, @@ DT A2 =5 ¢ X OEREICINZ T, PHITS [HA D/RT A —X D
TR ZOEKRE v b LTERT DHEOM, PHITS #3795 a— b Uy h¥—
NEfESN TS, THODOMEEATEMT 5 Z LIk, 2—PIL@EYNCENRT A —F ZRE
TOLIENEG LD, ARTIE. ThDDRRIZOWVWTHENT 5,

o [EAENRTA—FDMEAFR

112 PHITS-Pad IZ £ 2 7 7 A MAERR Ol 27~ -, “Title” X° “Parameters” &1 o
7=k va 4o, “ient]” X “maxcas” & W o 7mUFANZANHE . 2B A PHITS
BAONRIFA=LThDZEPHENIERTEL LI R>TV D, —FH. K1 D TITHITR
T L9212, IEL<IE “maxbch” THAH/NT A —H% “mxbch” & AJjL7=HEIX, CFFIN
JREEIRDIZORFIZIA TIAERATE D,

P!
Jr{F) BE(E) #®F(S) =RV JOTZLP) AT ALTH)
DE2Hd 80 832 ya@d | Az

1[ Title ] P

zminimized input file for lecture
3
4 [ Parameters ]

5 icntl = 0 # (D=0) 3:ECH 5:NOR €:5RC 7,8:GSH 11:DSH 1:
6 maxcas = 50 # (D=10) number of particles per one batch
7 mxbch = 2 # (D=10) number of batches

o

1. PHITS-Pad (2 X % 7 7 A /L OVERL i,
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Flo, NI A=ZIUFTZEDANEIZ L - TPHITS FATRFOEIEZ KE S BLESED HON
Ho, M1D51THIZH D “lentl” bZD—2>THY | HIZIX “07 OGEITHHBEONE D 5
W2 B DRI FRSFH RN EAT S, 17 O%A s EE TR S D OGRS O
BiE7T—2 3t ansd, ZOMED/NRT A =2 IZONTIE, £OANEIZS AR E, RIC
T D FRTEENEN L 2D 720, HFATMEDOBRERS ITHET L2 LR TE 5,

® bt MRTHRE

PHITS EH D/85 XA — 2 RF D AIEICHONT, ZOEKRCANFER A /NS T 4 Ry
TOAT 500 v FETHEETH S, K212, “ientl” /8T A—F Db v b & FRSET-H
2, PIIRE TIE, AN LT/ A—=F DLW — Y Aind HIREET 2 B> & HE)
FINZFRR S, B— Y NVERIOITICBEISE S L2 5, PHITS Ry 7 —UNIZITEE 4 729
YINT T ANDBHEINTEBY, 207 7 A NVHDI/INT A—Z OREREHERT HBRIZIERFIC
fEF 22 ERETh D,

b

I HF) |EE 8BRS =RV JOISLP) ATav0) ALFH)
DEL2H @9 @3 ¥Ea@ v & &
1[ Title ] -
2minimized input file for lecture
3
4 [ Parameters ]
5 ientl = 0 # (D=0) 3:ECH 5:NOR 6:SRC 7,8:GSH 11:DSH 1:
g icntl [9]x] 50 # (D=10) number of particles per one batch
7 (D=0) EFBNEA T2z, 2 # (D=10) number of batches
8 v
L4 >
Codec: utf-& | Length: 2,285 Lines: 58 | Line: 5 Column: &

K2 bvrhvUsr RUDERR,

LY MU 4 RUERRSEDLHETELRARETH Y, BEIWICER R T 2R EN D, LEIZ
JGUTCTFE TR RIEDLREICEZDZENTE D, FHIOLA, b MEFRSE2 0T
@RI L, 57V v 7 THAR Yy T T v 7 by NOMRBEERIRT 52 L THRRTE
%o K 3ITR LIZDIX, ientl=0 DFFDO b N ERREE L7720, FOATME “0” % FiPHE
WLT, Ry 77y F7E2HBLSETRETHD, “b U NOWR 227V vy 27352 & T,
ientl=0 DKF DOt v FRFIREND,

4/ [ Parameters ]

5 icntl = 0 SRS culez  J:NOR 6:SRC 7,8:GSH 11:DSH 1:
6 maxcas = 50 B cr-v ¢ of particles per one batch
7 maxbch = 2 % B alx  F of batches

2[ Source ] - ;]_.E_[_Q . ?THC .

10 s-type = 1 . E'_IJF.;%[-DJ ~ _c axial source

11 proj = proton ¥ 2R lent particle

12 dir = 1.0 »f beam [cosine]

13 rQ = 0. FRTERMA) Cirl+A

14 z0 = 0. FURDES(H) :ion of z-axis [cm]

3. FEITE > hFUTHAE A BIE S 6 2 IS0 F0m B,
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Fo, BV YA U KT RS DX A MUR—E KT v 7& Ry 752 L TREISE
HZENTED, ZOHEFE. A=Y ARPOITICBH L THbEe MY 4 FUIZHEZRVO
T, EOe UV NERBRNBNRTA—ZDIEEZ AT TE 5, 4 |\ZRLTCDIE, “xtype” /N7
A—=FWN Q" ORgOe s MY 4 v R ELRICBE S E-EOREE TH D, x-type 1% 3 Kot
ZERID x JEFEIZBAT A A v v 2 DYV FERODHNT A =X ThY | xtype=2 OFFE, /)
fill & e KA OV B O O3 EI¥k % 224 xmin, xmax, nx CIHEET D, B hv o>
RN D AR EEINREINTWND D, HNT A —F 2N AN T5 2 &

ﬁi‘?% éo

Id

JrAUF) REE) BES) F=FM JOISLP) ATVI00) ALTH)

DE2H @@ g0 $GE@E | v|adE

28 [ T-Track ] x-type = 2 LTJES )
29 mesh = xyz BHeRME BAEESE. B THE S SN 51003,

30  x-type = 2 COURICE, BB RAEEROBEENTS5A%T, F and
31 X-type = 2

32 nx = number of group

33 ¥min = minimum value

34 y-type = 1 Xmax = maximum value

35 ny = 1 ¥ number of y-mesh polnts

36 -5.0 5.0

37 z-type = 2 # z-mesh is linear given by zmin, zmax and
38 nz = 200 # number of z-mesh points

39 zmin = -20 # minimum value of z-mesh points

40 zZmax = 20. # maximum value of z-mesh points

4. x-type=2 OHFD b > b FoRH[H,
® TulIAETOYa— by bx—

PHITS Vv /7 oD a— b1y Fx—b#f ST 5, Ctrl+Shift+P & ¥ — A7 5
&, PHITS-Pad THERHD T 7 A V&~ TPHITS NFETSND, PHITS Ny r— I8
@® ANGEL, DCHAIN, PHIG-3D t Wo7=7u /I ALREETHD, ZNHEDAT T 7 AV
EELCHESICAE TR T L E2FATTHZENTE D,

BRBHFEEDORRIZEY, 7FXFA =T 4 X & L TOERNREREICMZ T, 2—HFizk -

THRII IR AT SR & 732 2 Al RE & 52

4£ U7z PHITS-Pad 2358k L7z, &Y 7 MIAF 6 4 3

H2BAD PHITS /3—2 5 > 3.34 ITHLAAIA A TEAT L TV 5, A1RIE, /XT A —Z P3HHlICE
MENTHEITHETEL XD, b NHOT = N—AV AT Ll 5, . B
REDHEAT v T ZfRETHRELT THFAINTT 4 XL L TORRBEREIELTETH

Do

Q) HRUYRMESR, TURARR., BXHF):

1) T. Sato, Y. Iwamoto, S. Hashimoto, T. Ogawa, T. Furuta, S. Abe, T. Kai, Y. Matsuya,
N. Matsuda, Y. Hirata, T. Sekikawa, L. Yao, PE. Tsai, R.N. Hunter, H. Iwase, Y.
Sakaki, K. Sugihara, N. Shigyo, L. Sihver and K. Niita, Recent improvements of the
Particle and Heavy Ion Transport code System - PHITS version 3.33, J. Nucl. Sci.

Technol. 61 (2024) pp.127-135.
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515 BESEHBRUEERICETSFLAIETEERRESRTEERTFEDOMR
ki
Development of Numerical Simulation Method for Thermal Fluid Flow
Phenomena on Severe Accident Condition in Reactor Pressure Vessel
I N SN STV 7SN 7 NI N 1S o=
e - BRENEZE 7 L — 7
(1) FABR:
S E R IR EFSE, CNETSAMfra— FTHWbA TEFiutERY T U 4
(WBIE > F ) ) L3RR 2 IFMME T ) B 5 2 [ Rt OWMES 2 EREZ -
22NN o5280, SATa— R THOWHATWOIYHET VEZ LR b DL L
TSR N EER I TS, EFREGREIZEEN W T S, BAKELZ 2R EOBLE G, #
ZAX VIS B O KTLI BB 72 SR R THINEE TH S, 20 &) illiFi (SA :
Severe Accident) WFD SA fEMT =2 — N D H e K OVE I O J 147 PN BN Bh 2% Bh & B AE a
FNZHRNT L. R IF O R &M BT 7 T h~F—V A NMIETHZ 2B E LT,
Ak 1% (CFD) 12H2 < AL = kon B Efiftr = — N JUPITER DOBH%E %17 -
TW5, ARBFEIIREE RIS 2 MO @ DEEs S & OVE F R 1T 2 57 DN FEE § 2L
ENFSFHM T FIE OS] ICX DV ERS 2D TH D,

(2) FARE-BR:

1) oFn 5 FEERE O R B AT
5 LT, JUPITER @ SA ReFNEEERE BT & LT XR-2 SUBRAEITIC L 2 %
WPERERR. ADS B — AZJE 0 OBGRENRNT & M AT RS REAE S, RUa B AR A U
7= JUPITER O 24 Mg o Fefia BAR & LTz,
2) BFN 5 FEORERE &£ OEEN
AR5 FEOEMALE L UTRE LI (RS Bf#T. ADS B — A8 0 O
TRENENT & R RTHERE OREEE, SUa ERGTAENT) ZE L. LT OMREE S,
- SN IS S R AT
JUPITER it Sl IRy D PRBHE B RN S RS A T 2R B AT 0 2 M PERERR 2 B & L ¢,
200mm X 200mm X 1400mm DT IR 2 A9 5 XR-2 RN 4 FhE L 72, X 1 ITREHE S
ENE B ZIRA S, ZO%ROBATEE & 2 ORENAA Th 5, FHRER Ll A7
VLR ERB I ROSBERY 2 TR E R CREICR 2 KO ICMASETWD, K&
D EOERNE THEMERBITETIZ T L TWA Z END0 5, FEb T, LS H ok
B E e BNERICIARD BT L CO DS R T & 5, £/, HliEFE Lo E ORI 2L
T EBRE & LR, BRI T EMR LT,

XR-2 B IF BRI 23 651 2000 #2235 X .55, JUPITER O X 9 7edstaan it R ARpT 1k
T, FEFICERR O & 72 512, RENOEELHANBMNATH D, ARET, HEL
ETMCBNTY v = — RO 2 BE L TR TR LEMEICEEL b
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2TV Z LB 1 . ey 1603
oo koT, MM - | i’ " | "

BEE R AR~ o v
— U HEBETAE
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1) S.Yamashita, S.Uesawa, A.Ono and H.Yoshida,“Development of a numerical
simulation method for air cooling of fuel debris by JUPITER”, Mechanical Engineering
Journal,Vol.10, No.4, DOI:10.1299/mej.22-00485

2) S.Yamashita, N.Kondo, T.Sugawara, H.Monji and H.Yoshida,“Benchmark simulation
code for the thermal-hydraulics design tool of the accelerator-driven system: validation
and benchmark simulation of flow behavior around the beam window”, Journal of
Nuclear Science and Technology, DOI:10.1080/00223131.2023.2268676
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Two-Phase Flow Analysis for Establishment of Critical Heat Flux Prediction
Method Based on Mechanism
ANEF O RET ER OEZ, SR BIT. IR W
B - BIREMIESE v —
(1) FABM:

SRR - BRENMIFTE 7 L — 7 Cld, BAKIF R A B3 X ORERR G ORIl FiE O ik &
T 5 LT, B EOREE SN TE BB T 5REURRA CThH 5 TIRFAEGEH (CHF) |
[ZDWT, BRI 72 TR O BRI T 72 58I B $AA TV D, E7o, FHRFOE R
HRITB T D3RR NH I M OFHi72 2 B E Ui 3 WotisfigE v 7)) v 7 a—
ROBFIZEFLTND, M7 e Y= MIBWTIE, 3 RITiEM AT 2 54 o> H I fH
ALMIENGD D, E DT, Tl FED TR Z 23 EM O —> Th 5 FiBHNEIC S-S <G
HIEGRENEAT = — K JUPITER O " AMRENT ~DIE IR - B 21T I LERH D,

AW TR R S W72 JUPITER I LV | #ERRnIfR 2GR (Critical Heat Flux : CHF)
FHNCA T RIZREEHN O KIG Y A ALHE OFEME R EZ 525 Z LI2L Y, CHF OtEmIC
EOWTHNRFREL D Z EIF SN D, Eo, SWRIGHEMEEED v 7Y v 7 a— R X
7 L D—>& LT JUPITER % IV CTHREZERIAGIZEEM 22 R AT 2 1= 2 % Z L T E UL,
FHFD X0 TR L WFERIZ OV T OB PRI TREL 220 | JRFF A—F v 13
2 L—IERA~DOREPHIG SN D, 20K 5 RRFFHBLOARRIZ I T TR E >
Jab—a &) 72Ok, HPE SGI8600 DFIHNUETH 5,

(2) FIARNE-BR:

1) AFn 5 AFERRE O B R

ARIEDOEAL HIZIX, CHF FHlEFIEOMNLE B LT, BRI EMIRBHE S IR ISR
B~ alpihiE B OFREY, BEV I 2 L—varERHWITIZETH D, Hb
ERET, ZhEERT 5702, JUPITER % AWV 7=t CHF Tl 2/ MR R IZR W
TEBIEDZ L Wbl FRTTARNT O R~ T BT v i TOEE SV R
WHT 52 L, MSWEET Lo JUPITER S2ICT 72t &2175 2 &, ZHmEHIT —
% & VTR x5 JUPITER O UMEMEREZITH 2 &, 2O 4 HEZ%EE L 7=,

2) A5 FE ORI & = O EEME

(1) JUPITER % AV 7o #t&3aE) CHF FRIFHE B ORMESL & /INEIEARIC T 2 RS HERETE
HIEEE DMRME L TV 28R 00 CHF £ 7 /L&, RS ER ST 65 00 = 2400 SR 38\ T

RENAE 2 78 O FR72 20 mm FRE DRSNS, DO NICER SN DEE v m FEE DK

B3z Z & T, CHF DA T L~ 27 nikFEABET NV EX—ZA L LTS, v 7 BiRE#K

,32,



JAEA-Review 2024-044

BET X, qerr =piHEps DBRT L AKX THRE
ND, 6 ITRIEE S THEEE BAFE L TV 2 IRIETE
RETNANERD D Z & LT D0, BR[O
Mo BRI ORFEEFT 27 5 FFH O & 3) 1250
Ti%. JUPIHTER %AWl I 21— 3
WX o THEEFERIZL > TRDBZ EE LTS,
A lEN, B O 5 T 7 L & JUPITER %4
AR I QNIT=IE N2 B AVRRY - Y S i N N 0
—var L, ¢t OEGERA RS E LoMBXNE R D

2o B 1R & O IR oIS SR I s TR

DI MERE ~ 7 niflEA3EE 7T /VICHWT CHF

Z TR LTz, FHEESRIT CHF OEBRED 19% 01
AMOFLFA TR L7z,

% 10°

0.3

ol r

pityg -6, qt [J/m?]

x 10°
5

Heat flux, ¢ [W/m?]

X1~ aEEREET VLIRS
CHF T

(2) BHWIETT NV ERAWTZET ¥  RVPBRIENT I L U RAVBBERAENT
ST T VX, BEVEERIICHA I L AAROHBLEZ A Y 7 4 ADPDOAKKREH L
I2 &> THE L T 5728, JUPITER THfEARICET LB, REBREICE L &R
B L TR D EASHIB Lz, [ 2108V T, MR LIcRE sS4 ) 7 0 Af A
BCTRT, AU 7 4 AR LT, ERAO w & vi o) BI=EEE T LA A S 508,
FEOMIMDES LAY 7 4 ABERICRESNBAOE (FER) OEIR—H LRV LT
BET - L 2B O Lz, Z OBk LT, #
BRTR A B R CHEE L 72 BIC . AN DRE L ' Y o
MmO ) 7 ¢ AHRE &R E H UEEOREICK L Zl,
T, B COEROELR X H UEiRiE fai 42T e 1 4 NP AR IO
FCIC2 2 L9 2 ANEERT AMES 27T . ]
DERFE LIz, ZHUTED ., T X AICHEE S, I —\<; 1

BURRN G2 DN R2TOF ) 7 4 AbIiT, HED Yeotiy +
ARBRE T ENEE ooz, ThEHANT,
PRER S ROURRIZE T DU IEIRIT 21T - 72 (X 3),
AN TH 2 b7 BIR AT xS T 5 R K B eI
WEEH LTS Z &R LT,

<

X

X 2 MfGmEicB 5240 7 42 &
R & Ll

(3) HEWEET L ® JUPITER 2— FEECHITEFAE L KB
ST T VT JUPITER IZXHT D ANEENRT 27 0 7T AR EEZEEHE L, v — MXIZ
F Loz, FoH T, JUPITER "6 OMFRELZET NI T 4 — Ry 7 U TRBES 585

_33_



JAEA-Review 2024-044

EAENE DAL T AESEZEE L CEEICOWTHRF L, SMTEY 2 —L & UTHERRT
HFETHRT 2L LT,

X 3 fliZWhlET 7 /L OB SRR~ D

(4) ZAEWREHRIT — % & v 7z JUPITER I X 2 BABHE & N ZAHIRARHT D 36 4 MEAREE

LDV %l THEREAR T/ 28 2 59 2 HHIET 2 BAJE L T\ %, AFEEIT, TR
REFINC, 4X4 Ny FIVIRRZx G & LT "R 21T - 72, FBRITIEA LT, ERISR 2/
Bl U Tz TAHGRARAT & S L 7o, TARVRARAT TIE. AR SRR L 2R D RIAERRD ) X DR
ROFHEZ BT 2 L9120, RSN DRIz ZRIZITSIT 5 2 L ailaiz, Mt T,
JABFOEDOIER & & B, 2 AN DKIAENHR T L2MAN G0N TR Y . FZRERO
e & PRI — 8T D 2 & a Rl LT,

(3) HRURF(ER, TLRAER. WXE):
1) A. Ono, S. Yamashita, T.Suzuki, H.Yoshida, “Development of the simplified boiling
model applied for the large-scale simulation by the detailed two-phase flow analysis
based on the VOF method” , Mechanical Engineering Journal, 11,4,2024,p.24-00188.
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porous medium by using JUPITER, Proceedings of the 30th International Conference
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Estimation of Thermal-Hydraulics Parameters for Neutronics/Thermal-
Hydraulics Coupling Simulation
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ThB, ST, KA e .F%"'H_
FRCEL TR (] = i S
BB LTND Z & oo —""‘"-\1
Nond, LLEND, : soood- . ) ) i ( ) -h
K & BOREI A LI R A
BERIEFLEI VI =

L—y g VTR X4 WOTERA RS L OWEHE DB 1554
L FER ST,

* GPU R JUPITER =— FOF =2—=7

GPU By D70 7 7 A VU o ZHER D D A E R R LE 2 40k L. CPU ALEEES
BDTRT 7 A Y TEERNOEBOA T A o REBMRESCFH RO FEVRIC X 2 &l
fbZFEh L7z, ZOREHE. 3 KA D TVD Runge-Kutta {EH53 128 L CTid 7 — & BB
kL CE 2 A A CE AT 1.6 RS Eb SN D Z L 2R LT,

Q) HRUYRMER, TURARR., RXHF):

« RAH—FEK

1) MRIZE N T KRR, 22 B — TR RF R, S 2 , BWR A 8x8 HL—4
AERERICBT DY 2 2L — g o HRm R RIS A2 Y —2 v g v
7,2023.

B IER S

2) AR KRG, NERE 2 R — TR — R RER, & B2 SRR B A S
ab—va AT AORE (1D BELANY RAVERRICHT 5 JAMPAN % Hu iz
MVP/JUPITER #ifk s 2 = L—3 3 v, BT 1A FEDFES, 2024,
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5.1.9 REBIEICEDGEBRMENT F AR

Development of Multiphase Flow Analysis Method Based on Interface
Tracking Method
WO EA. goA BfT. BEE MBER. &R0 KEH, SHOEZ
P - BOREMITSE 7 L — 7
(1) FIAHEM:

SR EE « BAREIMITZE 7 L — 7 Tk, & 4 WP RIIGHENC R T 5 T S SRR TSR & LT
KA O 22 i b & BRI O R EEACICRE T 256 AR X 2 L— 3 a T OB -
BREZ i L T\ D, ARETIE, LT ORTEWVEHRAREZE S5 Iab—a IR L

RIUGHEE 2R LTz,

%mb®ﬂuﬁfi Y7 F v RN 2 — R &2 T, FNICELE S 40 REHE S IR
TAHRDIET AT ON TN D, 7 F ¥ RN = — FIZE £ 5B OBSE - R I
IR ITHRIIET D mm-%F®*ﬁﬁﬁ%’iofﬁ%éﬂt?—5ﬁ%m%nféko
L2rL 2D X ) ik Cld, iEIEEMICRERZAT 9 72 I12id, Z2HOE RV FE i H 2
VETHDLZ &, ﬂﬁkﬁm_iéW$m@®E%#l%T&5:&&£\§<®ﬁ%ﬁ&éo
D OBSEICK LT BEERE DM e RS ARG L 2 43 236 it T = L—3
NZE T BT — 2 2 RBT 28T R 2 b — a3 7 = R T E U, K =
Z b i I B O S BN ERREI OFHM R 2 Zl L1520, 2 aEB T 57201213
YT F v RNV TRALOND RS ORI R T LLENH D Z L b AWFZETIE
SHGBBNEIZ IS < B AN = — K TPFIT[ 2 Wiy R = b —va v 2 Ehi L
TEDOHBMLREET 5,

(2) FIARE-BR:
1) wFn 5 FEERRE O R B AT
BB LTI, 7 F v o RXAN_MROFEBRETH L, MEZAELAHT DRI T DK
TR LT & S ELE R AR L L, RO BAEZ 81T CEE L7z,
® Gl HFME  MEEAA T L REITIT DI

ERHER
> KT — VBRI EER OB Y R 2 L — 3 O & RO EER 72
6ﬁﬂ‘h

> R A O A oD BEERETAT L OB & FFAM

> BRIRMEBER O 2 2 b —3 3 v OENE & IR O E VR A2 TR
® KLl HFME  HMEELFTLHRMmICHIT DU XD ELIEIEK

EERK HEE

> Uk 9 SLE DS eRR S AT B BRBR A AL L 7 AT (AR DS

> BRIROEMEY R 2 L— a3 Y OEE Uk ) ELIER RO EER e iR
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2) N5 FE DR RRE & OEEN
WAL A D REICI T DWARIERIZAE B Lo BE s < Interfacial wave

2 L—3 3 VB L OV ORE O BRI T 2 B L7z[2], (Ligament) 260 [ms]
EFTRFEDEFDD  FAEOEHEEBEE DL LB HND
HBAK T — N OBEEE RS Z SR E LI BE R = L —

Thin liquid film

3 2% FEN L, RE RSSO WK T A A TE TR IS RERR L 30 .

Fo (B 1), BICHEHIER O MM OB T % T L=, s
= ORI T, TR OB R R KL% — —
HA % EBRARREOFERIMO—DThHD LEZ BN, 20 o

ZDONRT U AEMERTHNCE LIz LA VX8 (Rea ) & A Droplet

— XY L7 (Ohak) D77 72, ZOEREM AR —D
Mt (Oha=2Re ) %#5I< Z LN TE D, TRbb, ik 30

e OB %2 L7- Re 2L Oh BB GRMEEL Z LN T r [mm]

T, ZOMHERBMEBIEY I 2L —va VK DIETET — X & M1 KT — /L PR R 220

W% Z & T IR OB A BEmIICEHMECE 5 L E HickiT 2R O HEEL2]

Xl W7 —# & WEEEZAT 2 REICIIT DR

ORI 2 B OFRM TR L THE-EEEZX 2 IIRd, 22

T, yIZ MK OBELTH D, MENERSTZZ LD,

Interfacial
wave

z [mm]

@m/\Jwaa/ B DEHERITEEEEZFT D T K ﬁ@£ﬁé$i
RENCHT DU T o L BRI TE Sk £ ' f
HoRRE L FBRELOZOMMA K I —va £} :
CTHRTE S, EbIT, KT F v RANCMRE 5 o) E
HUBE L T80 LR R B ORI S 2L —v sy § .
% BN U, WA RO R L (3] (1 8). 4. i P
FAFT T R AR RR AR T b BRI HE 7T Revmolds number [
Y

it % FETH 5,

Fie, Ux EBRICOV T F 2B L, LEHE W2 iy —5 L Eamio
e LR BE L L 7 IR B B A D — 2 Th b seiel2)

RIBICHANTRENRWRHE A R0, ZivE TR
RO 2 = L— a3 VTHBL LS T8 | AT
a— RoOmEHAME S Rt CTh o7z, £ T, RBRT —F N E
B CHBAMEZRH LT, ERAZHVZIE LAEN s
BURERER (4] ZBHER G L LTl S 2 L—v g gk 00 [mml Gas(Vapon
i U7z, FEATIRRITIEIESEE 5 mm., 222 0.1 mm (xy
Hm) & 05mm (z FlF) & L7z, EEEZEE L CEE,
— A F N U CHRIBIE S 2 354 L7 f5 5%, iR 1100 mm,
fERTIRERE 500 ms F2EE HAVL/DN SN E L CTRIEEDOWHK

Water 106

3 BRIRMEMICBIT 2K
TR DO R3]

_42_



JAEA-Review 2024-044

EIERT D2 LR L (K4), BRICBWTH
BROBN L xHELE & A EShd Z b, AHE
Vial—va BV TH L YR EFHRTE
Ll EZD, A%k, RBRT — X LA L, U
£ O LK OB Z EREICHEE L T <,
LLEDOFERD S . AF I #RE TRRFE T 2 gt = —
RZ&RWTIRFES 7 F ¥ RN RO —H# 0
FIRFEZHAE N DL CE 72, 5%, 2D OB
DHERZ EBRICITo TV & EBIT, R ETD
FBFEA TR S E TN, ZORRE, FEM My K4 CxoElEie TDFHEEDHH[5]
Jalb—va U ERFFN RO T — 2 BG08
SHPRITIEH L O ECHERKETH D,

Be

fa )

0.4+

g A Tk

Film thickness [mm]

[

=

200 400 600 800 1000
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ZE SR

[1] HFHFZ 6, “REMEY I 2 L— 3 S K DTABE OAKIE MEEofEl, (1)7 ,AA
JEF 71723 SCRE, 3, 3, 2004, pp. 233-241.

[2] N. Horiguchi, et al, “Atomization mechanisms of a wall-impinging jet in a shallow
pool, Physics of Fluids” , Phys. Fluids, 35, 7, 073309, 2023, pp.1-17.

[3] & HER S, “BUREFIRICKIT DAL - HERROEEL I 2L — 3 ”  HAR
TR 2028 FRRO RS, AR, AK, 2023

[4] H. Zhang, et al, “On the velocity and frequency of disturbance waves in vertical
annular flow with different surface tension and gas-liquid density ratio” ,Int. J. Heat Mass
Trans., 211, 1, 124253, 2023, pp.1-13.

[6] HEAER S, “Ux o e aTRRmOBMES I 2L —2 a7 BAK 52 2024 4
FEOFEZ, KRB, HA, 2024.

Q) BRURMER, TLRAHR, ®XF):

1) N. Horiguchi, H. Yoshida, A. Kaneko, Y. Abe, Atomization mechanisms of a wall-
impinging jet in a shallow pool, Physics of Fluids, 35, 7, 073309, 2023, pp.1-17.

2) H.Yoshida, N. Horiguchi, H. Furuichi, K. Katono, Effects of spacer on entrainment and
deposition behavior of droplets in simplified subchannel of light water cooled fast
reactor RBWR, the 2023 30th International Conference on Nuclear
Engineering(ICONE 30), Kyoto, Japan, 2023, ICONE30-1824, Internet.

3) EIOEA, HHEZ, KEBEK, FEipE—, BRIREERICB T DR A - HEBER O
By 2b—yay, BARFAIIFE 2023 FMOKE, 4R, HA, 2023.

4)  OER, BIREICEITD U xS ELEEEORIE Y I 2 L — a v BRI RS BIR

FERREE 5 [ PR MRS, 474 2, 2023.

5) & EM, HFHEZ, Zhang, H., %RE7], U x 2dlk 2 EaRRBOEMEY I 21— 3
v, BARET 152 2024 FHEOFES, HRk, BA, 2024.
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5.2 SEimEREME 2 —
Advanced Science Research Center

521 (EXRTHREEROEEREEIVMES (FIVADHR

Research for Ground State and Excitation Dynamics in Low-Dimensional
Strongly Correlated Systems
Rva shBH. A BHIL & JEE
A = TR =R R S — T
(1) FIAHEM:

IR ICIRFAER T, SRV E T4 D E DTG 72 £ OAnf iy 78 FE 4 BAliCE 1 <
ST BIEATFIECLLDBD BB ENRFEE L UASEA I TWD, AFZETHENT 5
ITHIRIRRBZE 731 « B AT R U IAZREEIR, RIS IRAE B SR 00 B IR AECAR = kL & —Jahifd
RAE. hEE 22 Fov, §E9E KL OBRAEBIB S, BV PR SRRk A R Z GRS 5 BT
BRI FIETH Do FFIZ, BRI A7 R L OB & - = 0L F— (R Z B IR T
J-PARC CiEEAFBH L7z JRR-3 O FEFHEL I B TBUHI S 41 2 BEURbiEE 2~ 27 h L FE Bk
REEEHER LT, AV MO REHBEN 2 A2 Z AT LS W TSR T2 Z &7
TE 2,

LU, BRIAVERRE « © R VX —FElR CO 7 VAT MLV ERRET ST, i L =%
NFEF—ZONTDOAF ¥ DIed, OEDD/INT A —HEy ML TETRERE (VAT LY
A AXTZHZNF =Ry v aff) OMSLLIZFHREZFATT D LICRY | WRARHERLET S
TENRRY 7 ERoTWD, Flo, MWEHRRKE 2R OIITH VAL THRTIRERZ K& L
RFIIER BT, KEEATY L ERHIETHNLEL 25, A TIE, KEGFHEEEZTEH L
T RBBFIGHRICL Y, 295 LA oW wikT 5,

(2) FIARE-BR:

—RTCSRRENE R, MRS O 28R E T2 %R E LTHA 4, 1930 R0
LRFICODE> T RSN TE 2, Vb, MHAEEMNRGTHRA 2 7o ELEREI,
¥ a5 CIXSOBRBMERR T 2 R D | LA SRR 2 FINT 5 & & 2B CR T AL v
RIRIRIEA~ DI AR 2 5, B AV URIRIREBIZX v v T L AR ZF>—F | @ xr
F—OREREL LT, N—=T OB R MR TH D A b U o 7IREE R, SRFH~ 1T,
—WItA Vv T RIEREVEIR CsCoCls DY 1 A v 3L (Electron Spin Resonance,
ESR) FEBRIZ XLV | BGHIEE T A VLRI & SRBEER OB RAHTIZB VT, A MY 200k
RBL~7 ) VHREIRIEL O m AF— =% BT HZ LITH Lz, X112 ESR EiR &%
EFHE O R AT T, ESR ERTIE, BERMEGICEW TR L X —F ¥ v 7RHKT DV 7
MEDEZ Y, 61, @EEERERICA N Ui — RBBEND Z ERgnoT, &6
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2. ZOA NV U 7RREN, BaFEGLL EC~ 7 UHFEIREEANE B D B o TSRS BN
BB E Tz, T D ONERE~OBRBIIAREH TH 525, FEFHRIC X 5 ESR A~
MDA AABIRSY . A T VT 4 MBSy BROTARBE Ry DT & BEHIER BLHI
OIS 28 L7z, 26 OMFERCR 2R LT, EHmLE LTERIRs (9],

25 03 25 06

(a)

w/J

03 25

w/J
w/J

y ]
h/J h/J

11 —WTEA Vo VISR CsCoCls 0 ESR EBROLIBAREL (114) & ESR =
7 kL DMRG GH#ER (B 7 —~ v 7). (@A A q=0 sy, () A B LIl q=x
Gy, @A Z U T 4 AHBIRSY . (DB MRAAR Ry, Al h 28, #itih o B (==X
X —) OMEZAE T T —~ v T TRLTWD,

Q) BRYRMNER, TURRR., WXH):
AR 3L

1) T Ichikawa, H. Hakoshima, K. Inui, K. Ito, R. Matsuda, K. Mitarai, K. Miyamoto,
W. Mizukami, K. Mizuta, T. Mori, Y. Nakano, A. Nakayama, K. N. Okada, T.
Sugimoto, S. Takahira, N. Takemori, S. Tsukano, H. Ueda, R. Watanabe, Y. Yoshida,
and K. Fujii, "A comprehensive survey on quantum computer usage: How many
qubits are employed for what purposes?", Nat. Rev. Phys. 6, 345, 2024.

2) T.Sugimoto, S. Suzuki, R. Tamura, and T. Tohyama, "Revisiting the Magnetic Orders
in Heisenberg Model for Tsai-Type Quasicrystal Approximant", J. Phys. Soc. Jpn. 93,
045001, 2024.

3) T. Sugimoto and T. Tohyama, "Quasi-fractionalization of edge spin in chirality-
assisted cluster-based Haldane state on triangular spin tube", Comms. Phys. 6, 291,
2023.

4) R. Ghadimi, M. Hori, T. Sugimoto, and T. Tohyama, "Confined states and topological
phases in two-dimensional quasicrystalline pi-flux model", Phys. Rev. B 108, 125104,
2023.

5) S.Kimura, H. Onishi, K. Okunishi, M. Akaki, Y. Narumi, M. Hagiwara, K. Kindo,
and H. Kikuchi, "Magnetic Excitation in the S=1/2 Ising-like Antiferromagnetic
Chain CsCoCls in Longitudinal Magnetic Fields Studied by High-field ESR
Measurements", J. Phys. Soc. Jpn. 92, 094701, 2023. [Editors' Choicel

6) M. Mori and T. Ziman, "Magnetic Structures and Spin-Wave Excitations in Rare-
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Earth Iron Garnets Near the Compensation Temperature", IEEE Trans. Magn. 59,
1300505, 2023.

H. Onishi and S. Miyashita, "Low Temperature Behavior of Itinerant Ferromagnet
Realized in Extended Nagaoka Mechanism", JPS Conf. Proc. 38, 011157, 2023.

M. Hori, R. Ghadimi, T. Sugimoto, T. Tohyama, and K. Tanaka, "Self-consistent
Study of Non-Abelian Topological Superconductivity in Quasicrystals", JPS Conf.
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Conf. Proc. 38, 011062, 2023.

10)

11)

12)

13)

14)

15)

16)

R. Ghadimi, M. Hori, T. Sugimoto, and T. Tohyama, "Confined states in two-
dimensional quasicrystals with applied pi-flux", International conference on complex
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order, Evian, France (Sep., 2023).

H. Onishi, "Wavepacket Approach for Spin Transport in Zigzag Spin Chain", The
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T. Sugimoto, S. Suzuki, R. Tamura, and T. Tohyama, "Multifarious magnetic orders
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53 G&EREFYAMVIILARRFEEDZ—
Fast Reactor Cycle System Research and Development Center

531 BRFAKKEEFNTNIVL-KRGEZBERZFTI—FOEEL
Improvement of Analysis Code for Sodium-water Chemical Reacting Jet in a
Steam Generator in a Sodium-cooled Fast Reactor
AN B N IETE. RS SR. MR
LR 2 — 7
(1) FABM:

F RV T A (Na) mHEEFOZAKIE LS (SG) IZBW T REVEREICIRIBILNEL 5 &
I EDKIIARZEL D Na A L, Na & AKROIEE (Na—KER) 215 @ - &i -
JBEMEY =y FBEREND (K1), ZORIEY = v MR EEVE IZHET 5 & EFREDOHE
e (V=27 =) RPIRELFICE2MER T2 SR L, SRR (BRI (28
DAREVEN AT D, ARMFFETIX, BRI DR AA ML O A LTc 56 OB 2 3 i+ 2 5l
fEHT S AT DZEEE L, SG ORGI M OL 2R ~EH T2 Z L2 AL LT D,

RMCHEM SN D BRI 2T MEEROBRF MO Y AR 2 3BT 5720, Al X
WA 7 A 7% A 7 Vb FE ARKADIA (4 2) ZB% L T\d, ARKADIA /%, 224k,
FRFIE, PRATMEZR B2 Bl B 77T o MEREN O BB EL 21T 5 o ABFZETBHFE S 2 %l
AT > 2T I, Rk, ARKADIA O —##RE & L C SG OsEHRELICKE LS HFETHHD
Th b,

BISLIKAIKELKHNEL

Na&sKhMEF RIS (FEER L.
BE-BROTIYMA

D ERE RO ATRENL
BaY

EREREBOERERS
. B O WIER S IEHL . Rt
RERER A bR EEER
FRUS LA EEREBNE

1 RISV =y b, BEEE ORE KR OBRERE
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ARKADIA
P L B2 B N
o Sl fEiR [> .
HRE#R
FERHER

OUTPUT
o Bf{eA T ay
7 A y p— i Sliz) : SR 20Tt 5
pam—— S S — | : rReE
30DIATLEDRTFBATRIEISYRIA=A >Rt

X2 Al BRI 7 A 79 A 7 Vi b5 ARKADIA

(2) FARE-BR:
1) oFn 5 FEERRE DR B AT

LEAP-III ==— FOIRESAAFMTIL, 1 KOKIEY = v M X DIRESERE 5 2 5 B
KA KT, BHOY =y EBRTFWT L5518 L TENEROBML Ok — 27 3) 12X 0 2
HPHZ I T 5T V& WD, SFn 5 AL, MR R I - PRI R OV = > R
WET N DGR « B EAVRRE O 72 6O OEAEMRNT 22 Eli 9~ 5, A1, TR ORI R
(SWAT-3 3BR) D FEBENT 217\, SERAPHIM (2 X % 3 IR ICHEHT O 3522 M K OV 24 1
EHERT D, BFIL 2ROV v NPERT L5EE L5452, [FL< SERAPHIM (2L % 3
WICIRHT 2TV, TNENOKY — 7 ROLEEFE LTI RIETTHELHRT D,

2) N 5 DOIEAR & O EENE

TS AR O 72D O P fiEdT & LT, SWAT-3 iREBRICH S+ 2 T AR 25 E Lz (X
3, Thbb, BEVELZ Q2 AKXKEL, 205 HD 1 AL KEREEB S TR TH D,
M 4@ IR OFERIZIHB W CER (1000°CRL 1) 5tk L7z =97 [1], X 40) T4
FrEVBOENTRESN TH D, WHOIREROSMmIIIA—E L, SERAPHIM (2 L% %
B 3 RITIRHTIZ DWW CRHARENE « U MEZ B CE 7o, SFES LN IRE ~— A
2. WA, #Hi7-72 SG &FHRITx 2 HBARE R I M TETH 5,

SERAPHIM % i\ T Na % 2 KROKERY = v MBEART 2 RBUTDOWT 3 R ICHiEdT %
1T-7, 5 LA B Lol FOKMIRE DM A R~T, HKEOMMBEEZ LKL,
5(@)~()ZFNENTEMBEE NS DKY) — 7 FFFELLHEELTEY . FIHREE DB DK
U= N @TIFEMOY =y hEFELL, OTEHEMOY = D 1/2, (©TIX 141275
K OICHRE LTz, BUUED LEAP-III ©Y = v b FHET AT, 0)RCD X 5 72KY —7 D
12 X0 ERS LA, KV —7FRO/NINWT 2y MIKEWHFDOY = v ML D R
NDM, RIFNRER TIIAKY =27 R 12 DBETHY =y FOARIME RO DZEBPRIN
= Atk RFTRRE < REND U 2 AT — VR E RS 2B MG bED 2 TE
EHRFHI S FTRE & B 2 DAL, SEEOMTERCRIL. THE T L O 2 MR K O B LR
ICET2EELRMATH D,
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RUN16 1000 °C RUN19 1000 °C

(a) SWAT-3HERIE R (b) FlRfRATHER
3 fIEATIRR 4 RFESAR O g

(a) KY—O 31 (b) K)—2 321 (c) KK—o 34

5 V=v bTHRE

[ZE&3Cik]
(1] H#m3E, KR, BRIEAERLEEREHABEE (SWAT-3) 12X DB EEER
(V) 7, PNC TN9410 86-104, 1986, p.132.

Q) BRUYRMER, TURRR. WXH):

1)  W.Kosaka, A.Uchibori, H.Yanagisawa and Y.Okano, “Development of Lagrangian
Particle Method for Temperature Distribution Formed by Sodium-water Reaction in
a Tube Bundle System”, NURETH20,Washington D.C.,2023.

2) W IREE, AR, WOShE, ER5A, ANRE, NIRIEE, EE, ki fikE vz
U AR HIEERF ARSI ERNOT U T A-KUSICERT D RUGY = v S OJRE
T, BRI 2028 FERK O KRS, 4R KEE, 20238,

3) /NRE, WHRREE, MIRFSHE, MRS, O b U U ABEIREERE O R K AR ICBT
HALEVE AR AR O EALICE DR ko — ROBIS” , & 5 FE B AR 17
FRIEBIREER Y B — N TIEE - HilrE RS, Web, 2024.
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532 WFILZXFIRDI=DIHIEHRMRIESEBET
Analysis of Reactivity Induced by Deflection of Core Support Plate
A R EE IR I 1 B Ez
o RAZT L. AR ORERR L RS SR T OEBEL HIF B2 = Fs
VFily « 777 o MESTEHE 7 v — 7
2REE(E AR « BPBHEARBR S 7L — 7
3 i PERE R ML BRI HEE =
(1) FABM:

B WV OREMEEH T 2 @8 77 o O FEBUCINT T, P, BURE), #E7)7
B OB 2 — R &7 T o PEYRFERRAT = — N LRk L CTRRNT 9 2 FiEORFE 2o T
Do FRTIF L TOREHESRT (BREK) OEREZHR O Be . JUOSERRE OO DR &
LT, ORI SN BB RBBEOERSERIFOLT (WLAR) 23R T8 ERH Y |
RIEARDAIEFICREL 0D, ZOFBEARN~OFIEDT0, FEAEEFHEIHEH L TWD
PURIERR A &R~ A7 & “FINAS” @ HPE SGI8600 (Linux Bi#i) ~DOBHZ D T\
Do

BB AR IR HBA R~ 2 FE T 5 & & b2, BuliEIc ) ORFZAREEHICH 20 |
AIRBERMTICRZATT o IINEOEREG DY LR LI @ERFMIRL Y 7 b =T
HEAT T2, AR TIE, WFOXFR O T2 DT K0 IR E 0 2 B BE ATt 5 K OB I )
it Y 7 b v = 7 BB OBEIZ OV TIHE~D,

(2) FIARE-BR:
1) KEEHEERE EBR-II 2 %15 & U720 OB R 72 b A X 5 BSOS B figh

KIE I ERE EBR-II OEA KA F T 0XFR AR % FINAS IC X D #E#H L, BHESIC
LD IFLHEFR D T2 K > THIM & D S E 2 7l L 7=,
© fRHTIR

X 112, FOKFHRD - b A il O 72 0 EBR-IT O A% 279, FO KRR L5 &
THED 25720 . ETFOFLIRHRIT, PREBEZERV T, HRE L MHEN DMEM I LY
HE SN TWD, 2B, TNTOESEIT EEFOFRICZA BN TN D,

FRMTIZI W TR, R LSRR DANENE B R OV & HIAKEEZ RO L S ICEE L, A
ODXFR E A BITFICHEZ RO L D ICRE Lz, £72. BT 2 O LSRR CHlbn 7
25 (MIEZ L) 13, BRI L > TRIEZ VT AWNEOIKREN DT D5 Z Lnb,
EATEER (RMETREL 2D —R) & 1 IRERFERAR L EILR (RiT&TREE 2D
—A) D27 =R T, ZXFHROER (Tobh) T 1T 72,

@ fERbTHE R

B 212, iR &k MR &R F 1T 2 BEF LSRR D 7o D AT i R 2”4, @ i iy
Wi, mET VT AR EEICRD 2 IR | #SEEESEE LR WD EmEIcER L
TWFRICT=bTeDizxt L, RRERHIZIE, SET LT AEOMEENPMET 5 Z Lk,
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533 CNWG-EEAMMIEERFHE

Numerical Study of Physical Properties of Advanced Fuel in CNWG
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5.3.4  SPIRAL O—FIZkDEAXAEM T REMRME S AHEBRMBEN
Analysis of Large-Scale Fuel Assembly Experiment at Mixed Convection
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[1] K. Mawatari, F. Namekawa, N. Handa, F. Kasahara, Y. Ishida, “Natural Circulation
Decay Heat Removal Experiments and Analysis in An LMFBR Assembly”, Proceedings
of the L.M.F.B.R. Safety Topical Meeting, Lyon, France, July 19-23, 1982, pp.281-290.

[2] H. Ohshima, Y. Imai, “Numerical Simulation Method of Thermal-hydraulics in Wire-
wrapped Fuel Pin Bundle of Sodium-cooled Fast Reactor”, International Conference on
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Fast Reactors and Related Fuel Cycles: Next Generation Nuclear Systems for
Sustainable Development (FR17), Yekaterinburg, Russian Federation, June 26-29, 2017.
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2) R. Yoshikawa, Y. Imai, N. Kikuchi, M. Tanaka, A. Gerschenfeld, “Validation Study of
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30th International Conference on Nuclear Engineering (ICONE30), Kyoto, Japan, May
21-26, 2023, ICONE30-1403.
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3) N. Kikuchi, Y. Imai, R. Yoshikawa, N. Doda, M. Tanaka, “Investigation on Applicability
of Subchannel Analysis Code ASFRE to Thermal Hydraulics Analysis in Fuel
Assembly with Inner Duct Structure of Sodium Cooled Fast Reactor”, Journal of
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54 HEHREMEMAFLLI—
Tsuruga Comprehensive Research and Development Center

5.4.1 AER-BERERKZAL: 2D-EMAT —F
2D-EMAT Code using a Coupled Eddy Current-Ultrasound Formulation
INT Fery <wUUR
77 v MR S —T
(1) FABM:

Simulations of electromagnetic acoustic sensor transient response (EMAT) with high
accuracy in both amplitude and signal shape using different integration techniques (as
Crank-Nicolson, Backward Euler and Newmark-beta method) and high-order FEM
elements to avoid large discrepancies in the EMAT signal shapes when using various FEM

models.

(2) FIANE-ER:

The Electromagnetic Acoustic Transducer (EMAT) uses the combination of eddy current
(ECT) and permanent magnet to generate ultrasonic (UT) waves in metallic materials.
When a transient current passes through the wire in the ECT coil, the Lorentz force
generated (due to the interaction between the magnetic field of the permanent magnet and
the eddy currents induced in the metallic specimen) is the source of the ultrasound wave
that propagates through the material toward a flaw and reflects back to the EMAT-ECT
detection coil. Because EMAT can withstand high temperatures (up to 2000 Celsius degrees)
and high radiations, it suitable the In-Service Inspection (ISI) of nuclear reactor vessels or
under-sodium view telemetry in fast breeder reactors.

The EMAT sensor operation is based on a periodic time-transient pulse excitation at high
frequency (0.5~5MHz) in short bursts (<20us). The numerical simulations of the EMAT
signals use a finite element method (FEM) and a coupled ECT-UT system formulation, in
a two-dimensional (2D) geometry, which integrates the time-transient solution in the
EMAT detection area. Therefore, the EMAT signal, integrated as a voltage signal in the
ECT coil, has a complex time-transient shape, which is usually evaluated only by the burst
amplitude due to the presence of a defect in the metal plate.

The 2D-EMAT code, which was fully developed in the JAEA laboratory, is based on finite
element method (FEM) and has CPU parallelization using OpenMP and GPU
parallelization using OpenACC, in order to be used on JAEA supercomputer.
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The EMAT coupled model equations used in the JAEA code are shown in next equations:

Vx(viA)=]S—U[Z—':+Z—?X(VXA)]+VO(VXM) (1)
Ghu+ A+ GV W -l x (7 xA)=plt ©)

where 1, G are Lame parameters, A is the magnetic vector potential, u is the material
displacement, Js is the transient current density in the coil, M is the magnetization of the
permanent magnet, s, n and r are the electric conductivity, magnetic reluctance and
material density.

Until now, the numerical FEM simulations of the EMAT signal had large variations not
only in the shape of the computed EMAT transient signal, but also in the amplitude of the
defect, depending on the values of various parameters in the numerical FEM simulation
model. The convergence of the EMAT signal simulation to the correct signal shape can only
be achieved by using very large mesh discretization models and the correct time-transient
procedure, resulting in very long time-transient steps. Although many EMAT simulations
have been reported in the literature, there is no systematic approach to ensure the accuracy
of EMAT signal simulations. Therefore, until now, it was very difficult to simulate reliable
EMAT sensor operation with high accuracy in a reasonable time to use the simulations for
future EMAT sensor design and signal analysis. Therefore, the purpose of the presents
simulations was to find out the methodology to have reliable EMAT simulations, that could
be also confirmed later by experimental measurements.

The 2D-EMAT code was updated from the previous Crank-Nicolson (CN) and Backward
Euler (BE) integrations techniques to the Newmark-beta (NM) method. Additionally, new
FEM interpolations elements were added in the code from 1st and 2»d triangles to 3td 4th
and 5t order for triangular elements and mixed triangular-rectangular elements with
interpolation of 1st, 2nd and 3rd order.

Numerical simulations of long EMAT transient signal were conducted on JAEA
supercomputer, and validated the convergence of all above three integration methods, but
only when very large steps time/signal period were used. A schematic of the EMAT sensor
detection system, when above a metallic plate, and the FEM mesh for a long metallic plate,
with a defect located far from the sensor (EMAT coils and EMAT magnet) is shown in Figure
1. Figure 2 shows the simulations of EMAT signal amplitude and shape variation using
Newmark (B, y) method when the number of time steps/signal period increases from 512 to
10240. In order to simulate the propagation of EMAT signal, a large number of time periods
of the signal has to be simulated (250~500), resulting in 5 million of FEM simulations, at
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each time step point. Therefore, it is required to find the methodology to compute the EMAT
signal with high accuracy, but also in the shortest time possible, in order to be able to

simulate the EMAT signal for faraway defects (from 0.3 mm to 1~2 meters in the future).

2) EMAT b)

Magnet
Coil (J.)

Sound Wave (u)

o

~

Figure 1. a) EMAT schematics; b) Geometry of the EMAT sensor and long metal plate
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Figure 2. Simulations of EMAT signal with a varying amplitude A(t)
around the peak zone using NM(B, v).

The convergence of the EMAT signal amplitude and shape was demonstrated when using
various integration techniques as CN, BE and NM and using high FEM elements, and is
showing in Figure 3. By applying the new procedure to simulate the EMAT signal by FEM,
based on Newmark-beta (0.5,0.5) and rectangular 3rd order (12 nodes) FEM mesh, it is
possible to compute very quickly (0.5 hours vs. 18 days) the correct EMAT signal (as shown
in Figure 4), which matches in both amplitude and shape the correct EMAT signal obtained
by either method (CN or EB or NM(B, v)), but only at a very high number of time steps/us.

0.30 Crank-Nicolson
Backward Euler
0254 NM (0.3, 0.6)
= onl¥ NM (0.4, 0.6)
Pt | -6~ NM (0.4,0.7)
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Figure 3. Convergence of EMAT signal with a higher time steps/us using BE, CN and
NM methods
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Figure 4. a) Accurate simulation of EMAT using BE, CN or NM and 65000 points/us, in
18 days; b) Fast/accurate simulations using NM(0.5,0.5) and 64 points/us, in

0.5 hours
The obtained results validate the path for future EMAT sensor optimization and
simulation and other non-destructive applications in FBR, including also simulations of
remote defect detection (1~3 meters) in metallic structures in a short and practical time, as
it was further investigated and simulated when compared with experimental

measurements of EMAT (shown in Figure 5).
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Figure 5. EMAT for 20% deep defect (1060 mm far): a) Measurements; b) Simulation

Q) HRUYRMESR, TLARR., RXH):

1) 0. Mihalache, I. Yamamoto, Accurate Simulations of EMAT Signal Amplitude and
Shape based on FEM using a coupled ECT-UT formulation, 21st International
Symposium on Applied Electromagnetics and Mechanics, November 12-15, Tokyo,
Hachioji, (2023) (accepted for publication in International Journal of Applied
Electromagnetics and Mechanics).

2) T. Yamaguchi, O. Mihalache, EMAT Based on Halbach Magnet Configuration for
Detecting Faraway Defects in Long Metal Plates, 21st International Symposium on
Applied Electromagnetics and Mechanics, November 12-15, Tokyo, Hachioji, (2023)
(accepted for publication in International Journal of Applied Electromagnetics and
Mechanics).
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55 EFRRERERAREVE2—
Collaborative Laboratories for Advanced Decommissioning
Science

551 BMETIUVRHELEM~OBERICAIFL—F—MIHEMIIaL—arFiE
DERFEM). (2)
Development of Laser Processing Technology Simulation Method for Fuel
Debris Retrieval Technology(1),(2)
SR EARIIE W20 dbkS R 8. SR fEES. JRRE el
U et s g8 7 v — 7
2 JEAp B - BRENIIE 7 L — T
BSUVAT LETREREE S —
(1) FABM:

ST I EFT R HEE DO 72 D OEARBA RO —R & LT, L—¥—IILEZF AL
TR 7Y B LHIROFIANEER SN TS, L—F— I TITERERENFEETH D |
EARY b T —LFEZ ==y RERY T2 2 LT ADBESIT RWHER R E O & WS ET
RAPBANRRIGH THR AN TH D, SHIZ, VA—F—V =y FEHMBEDEDLZ
TRV —PF—INLTE L Z L 2ERTHGEL TV D, ZOEAMTZ LT 57201
X MBEREDKIETEDON TV DR TEZ 5 L—F—IC L 2 KDOZEBCMIE DR & D
BRAEWAONNTT DL LI, L= NN F—EEREDNT A= R E
PETHREICHIET L2 Z PR ETH D,

ZZT, b= —IC X KDEREMEDEMR EDBRE VI 2L —2a VT > THDL
DN DI DR FIEDHE 21T o T2, ZHVE TICHR A ED TE LM FIETFHE = 2 b
W@ Telos, &0 ERRE CTRHEM R 215 5 72 Il 5 B Rt FIEOBE 217 - 72,

(2) FARE-BR:

L—P—WBRC L D8RO E V4 — 47—V v MCX DA T 7 OBITEH 2 v 3
2 b—va K DRI, BT 27O ER L2 e T AR A K 1, MRATREIR D A~ & =
X 2 1R T, ZHRZM PG EEYT 2 — K (JUPITER, N—Y =3 @ 2023/04/19) %
L, L—F—RESEMEAT 5 2L CL—F—RBE 2L, L——RE LR Y +—
S —Txy EFRFFICER (0.1 m/s) DAMRERFIRET VREIER L, Eio, Bk L7zET
LNRICED, L—F—BIC L D608 (RT L R) OB EEMmE T+ —2—V v b
(20.0 m/s) DEFHZRIZE > THELDERA T 7 OBATHEINZ OV TCEHEEZI T2, ZNETO
FRTITo e R L RERIC D +—F — Y = v NI, 0.0~2.3 ms [H]I$iEds, 2.3~18.5 ms [HIX
DS Lz, £72. L—HF =TI 2 b—3 3 o TH LIRS B & el kg
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#% D ParaView Trfb L72 B 5 EERRS R & RERIC L— W — MRS 2 A& L& 23 S H|
SNTHY, KT FENAED THLIRBELEG, £/o, KI3ITRLEX ) ICL——Hg
RS THEMLIEAT VL AR T =2 —T =y MR | JBHIE B ERE S AU D EEIZ AR
ELTWD Z LR TE, EROBIZZHB T /B LEE, S5, M 41TRLEE
DT, EAERHEAFRET D & & BITHAIESHEML TWD Z & bR TE T,

— 75T, FHEFEHED 100.0 msec & W2, EERFER LT L ENNEETH DL, S5
(TR DR R R & FEBRRE R & s U AT FIE D 42 3l 2 MR & D,
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56  BALEC-BtEFr )T HREREEVI—
Integrated Support Center for Nuclear Nonproliferation and
Nuclear Security

5.6.1 FLFILERET )L FLEXPART O SGI8600 ~D#HE Lt 514k

Installation and Parallelization of the Particle Dispersion Model FLEXPART
W B
CTBT £l /1
(1) FABM:

IR IR AL L R Z B2 (CTBTO) Tl BFEROBI A BRI, B OIX
7, MR, AKPE R, KU IREDE OB 2 AR ISR E L WS 2 o CTBT &
BB CTEmM L TV 5, AARERNIZEWTIE, MEE L ToORGZRI-T 2O, SFEDN
2002 4F(2 TCTBT [EPNEH ARG 25 L7z, CTBT EWNERKHICHE VT, FHRE (&
W) A AREBEREIEET Y L, RS L OMKEREE OERE (—M) AARKS S
D, S EERE OB Z R NS L CWD, T, BEERPRDND T — X BNHEBLL
S aE. BARKS MR L OUR T (4%) 27— Z 2 £ L THEBERICRI L,
FHERPOINFEICHE SND VAT LE> T D,

Z D & O RRENE AT ORREERE 6 KO FEBMEDHERR D72 | BIFRE THIZ 3 B, [EFE
AR FraERRE 2L T\Wb, & 8 A 2Bk & U<, 3 >oifE (bl
DIZIRFE R 2 ACE LT SRR, R - U Z N Zn 0T —<IZESWIZEIRR) %
HET D, ALFMEOERZIE LZiE Iz W Cid, REBHMOP B 041 9 RelZ bFifEo
BIEBRG CANLTHERPBHISNTZE WS v F U A0E LT, ARG IS 1T HUE R O T
7, YSIIHBO RO M 2 I L. RER A SR RIS R e R T 5, RO T —~
(ZHAWZFIIC BV TR, AARKE B2 B IZERE L 72 B P RE B 2 9 ) fitioe L CRERL S
Do WHMEIED T —< 2B W TIE, dEFIRELS O ) 7 TEEERDE X 72 L OED T TY
EW BV OENZ T 5, 7o, MBI T 28T — 2 135 I A
PERZTRECARBLAT TRl SN2 b D TH D,

BT, BOMHASTE O AT 65 & 3 2 U A AR B AL BLI T 22 R SRAEBUIRAT 12 K - TRE
LTW5, Elith (BFEBRERM) 725 ORESHEME ORI 2 0E L 7o REIEBURT 2 78R
FIEARIZOWN TN L, B DS — T O RE L2 BUT 2 TR T 20TH 5, *f
GBI R A R & LTe BT m ik s LT 5,

YMETITIER, KERKEFT (NOAA) 2355 L7 RK&WEEET /v HYSPLITVZ Z DK
KYLEAEAT I W T & 7o, HYSPLIT IZEMEAER < BAFMEICENTZET L Th 553, NOAA D
A P THESNUTWDANKERT =2 IIZAMIIE Ul PiT — 2 372 < | fRiriE 2R 8 L
T HEHUEAT 2 8 H FEfi§ 2 BN b o Tz, TEEDRFRILDTZH, CTBTO TILL b T 5
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REILET VD DB, /D = —KRKEVAIFSEATD A. Stohl L2355 L 7= FLEXPART?
A L7z, FLEXPART (ZIZW K D=2 a U idd 58, Y TIKERGHIZEE v % —
NCAR 23B% L= K&K N1#FET /v WRF O hEANTKEEE L CRHIAT 2 3—Ya v
(FLEXPART-WRF) ZFfHL T35, WRF DA & L THERERTHRT —Z 131 & —
2y MERCTEM Y Y — FT& 5, REBEYH O HIZ FLEXPART-WRF CTT#7 —#(C
S JEBIT 2 Eh 3 iuE, S E TEBFEM L CXIEBEHEE —ETHE EE D 2 LA
BETH D,

FLEXPART-WRF | HYSPLIT & ki L CRBEOHENARETH D5y, HE A MG

o EEEOEEBROBICRERFRENAEEL 2D L5, M EEDOT 1 7T AEd# L - W5
MW%@iﬁ%foMMHmTLOwTM%A% 2k B AFME A FEhE L CEdb & X - 72,

5 | TRk

1) Stein A. F. et al., NOAA’s HYSPLIT Atmospheric Transport and Dispersion Modeling
System, Bulletin of the American Meteorological Society, Vol. 96, No. 12, 2015, 2059-
2077, https://doi.org/10.1175/BAMS-D-14-00110.1

2) Stohl A., The Lagrangian particle dispersion model FLEXPART version 6.2, Atmos.
Chem. Phys., 2005, Vol.5, 2461-2474, https://doi.org/10.5194/acp-5-2461-2005.

(2) FARE-BR:
5A31HNSL6HTHETOS8 HE., &6 FEH 1 MIAERRBRN LRS-, £0
gl CiL, ALEIEOR SRR 2 M LR O E ), RO T —~ L LTry T - N
YELY ¥ EFERY T DR EREAE LR RE L CHEM LT,

ZDOL, AV LAY v EERS ATE LZEREIC OV T, 6 H 3 B 0 BRHCA THER
NERENZEREL, 6 H3HOKR~6H 8 H 0K (HAEEH) (22 CREIEHKARHT & 52
L7z, ASIRET — #1213k E NCEP (National Centers for Environmental Prediction)

BERT|T — 2 2o, N7 — 5 ORI RREIT 3 Fefi, K fiRREIT 0.25° Th D,
WRF DK V43R 40 km, F&F%E 130X 130 & L7z, WEEMIT Xe-133 TH Y,
FLEXPART-WRF N CHSPEY B 2 #diE L CHRH S & 2 BRI 7400 100 EE Lz, 2o
FEEE DACE o itE Ch UL, WRF OFH 4L 5 FLEXPART —WRF OFtH& T £ TOFFE
REEIE 2 REI AN T 5 Z L Y E LU, BIRIA R LT 7z B ©id, FLEXPART — WRF

OFFIZT T 2 W] 43 /3% B L TV, ARIOWEFILIERIC X 0 R IcEiEcE 5 4
WLTHY, SBOMEAERRBR ISR EFIAT 5 FETH D,

B4 10X, FHEBALA)ND 84 FFfHT2 D Xe-133 OF 1 JBIRENMX TH 5, BAINHH R (/
NYELAY ¥) THY ., FOAITHENEEREEBINTT 2R3, ZOfffricisyw i, ekl
HERET DAY YL U BRIET (J vy x—) BIOLA Xy 78T (T4 R7
Y R) 2 Xe 133 BEFE L7272, 2 b o 2 BUAIFT & fifrat g & U CGRIE Lz, BRI+,
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| 1 10—16

- 1017

1 qp-18

1 EERHMEND 84 Bk D
Xe-133 O 1 @A

() MRVAER, TURER. #WXF):
1) CTBT £ifith )2, w5 5 FH H A E BRI IE AT Hifd - B P Bt o 2 —Z5E540
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562 RERERZO-ODOEBEAV TR IEDRTE

Development of Delayed Gamma-ray Spectrometry for Nuclear Safeguards

Verification
2Ry BTITRA FrAR
e ffr B g e ==
(1) FABM:

Nuclear safeguards verification of high-radioactivity nuclear material (HRNM) is
challenged by the intense neutron and gamma-ray emissions from minor actinides and
long-lived fission products. The International Atomic Energy Agency is interested in
utilizing new techniques to improve safeguarding capabilities for HRNM, especially
irradiated nuclear fuel from power reactors. The ISCN is developing Delayed Gamma-ray
Spectrometry (DGS) as an active-interrogation technique to supplement current
safeguarding capabilities by being able to directly measure the fissile nuclide content in
HRNM. DGS utilizes an external neutron source to induce fission in the U-Pu mixed
nuclear material, dominantly the fissile U-235, Pu-239, and Pu-241, and measuring the
gamma-ray emissions from short-lived fission. Notably, the fission products with half-lives
of <10 minutes emit many gamma rays with energies between 2700 and 6000 keV that can
penetrate the thick Pb shielding required to suppress the extreme 662-keV gamma-ray
emission from Cs-137 to reasonable count rates.

Our primary focus is to determine the DGS interrogation conditions to achieve accurate
and precise fissile nuclide content evaluations using optimized, compact instruments.
Specifically, we are developing an inverse Monte Carlo analysis method to determine fissile
nuclide content in any mixed material form. However, the signal and signature will depend
on the interrogation instrument capabilities, which must be optimized for both the form

factor restrictions and the analysis requirements.

(2) FIARE-ER:

Two types of work were performed on the CCSE HPE SGI8600 cluster. First, we are
developing a DGS Monte Carlo (DGSMC) to simulate an interrogation for both predictive
Monte Carlo (MC) expectations and to perform inverse MC analysis on measured spectra.
In JFY2023, we compared EC/JRC PUNITA experimental spectra [1] to DGSMC
simulations to evaluate the validity of the code, as well as to FIER [2] and FISPACT-II [3]
simulations to confirm nuclear data. Figure 1 shows 235U simulated spectra compared to
the measured spectrum for the 10-s irradiation and measurement times at the end of 158
cycles. This study showed that we were able to show that DGSMC performs as well as FIER
and FISPACT as a simulation code, results in closer comparisons to 239Pu spectra, and is

viable for inverse MC analysis after better short-lived fission product yields can be
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evaluated [4].

600 :_ - . A Tyag 10s; TM“, 10 s; Cycle 157 |+
E: i ——— Measured CBNM446 :
- : DOSMO 2U _ The other primary  study
! — PR performed with the Center for
400l | FISPACT CBNM446
2 FISPACT U Computational Science & e-Systems
=1
g (CCSE) HPE SGI8600 cluster was
to re-evaluate the new JAEA/ISCN

Fission Signature Assay Instrument
(FSAD MCNP [5] model [6].
Originally studied in JFY2021-
Figure 1. A measured 235U spectrum compared to JFY2022, the model included generic

simulated spectra as indicated in the legend. materials, focusing on optimizing the

flux in the sample space and
understanding shielding effects for
operating in the JAEA/ISCN DGS
Laboratory. Supplemental studies
were performed for multiple types of
deuterium-deuterium (D-D) neutron s o Neutron
generators, finally settling on the g Generator
Adelphi DD108+. In March 2023,
the FSAI equipment and the

DD108+ were both delivered (see

Figure 2. Fission Signature Assay Instrument

with the D-D neutron generator.
Figure 2). This final design was re-

evaluated in JFY2023 for differences from the idealized, design models [7,8], to ensure that
it still qualified with the relicense, and that it provided signals for characterization.
Specifically, we incorporated the real material compositions and adjusted the system
geometries to understand the relative differences. Final characterization is underway and

will be published upon conclusion.

1) Rodriguez DC, Bogucarska T, Koizumi M, et al., “Evaluation of high-energy delayed
gamma-ray spectra dependence on interrogation timing patterns”, Nucl. Inst. and
Methods A 997, 2020, 165146.

2) Matthews E, Goldblum BL, Bernstein LA, et al., “FIER: Software for analytical
modeling of delayed gamma-ray spectra”, Nucl. Inst. and Methods A 891, 2018, 111-
117.

3) Sublet JCh, Eastwood JW, Morgan JG, et al., “FISPACT-II: An Advanced Simulation
System for Activation, Transmutation and Material Modelling”, Nucl. Data Sheets 139,
2017, 77-1317.

4) Rodriguez DC, Rossi F, Takahashi T, “Comparing DGSMC, FIER, and FISPACT
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simulations to experimental delayed gamma-ray spectra for nuclear safeguards
development”, IEEE Transactions on Nucl. Science 71 (3), 2024, 255-268.

Goorley JT, James MR, Booth TE, et al., “Initial MCNP6 Release Overview”, Nuclear
Technology 180, 2012, 298-315.

Rossi F, Koizumi M, Rodriguez DC, et al., “Design and characterization of the Fission
Signature Assay Instrument”, INMM-ESARDA Joint Annual Meeting, 2023.

Rodriguez DC, Rossi F, Takahashi T, et al., “Model design of a compact delayed gamma-
ray moderator system using 252Cf for safeguards verification measurements”, Appl.
Rad. And Isotopes 148, 2019, 114-125.

Rossi F, Koizumi M, Rodriguez DC, “Model design of a deuterium-deuterium neutron
generator moderator and evaluation for delayed gamma-ray nondestructive assay for

safeguards verification”, Journal of Nucl. Science and Tech. 58 (3), 2021, 302-314.

Q) HRURMER, TLRARR, ®XF):

1)

2)

3)

4)

5)

Rodriguez D.C., Rossi F., Takahashi T., “Comparing DGSMC, FIER, and FISPACT
Simulations to Experimental Delayed Gamma-ray Spectra for Nuclear Safeguards
Development”, IEEE Transaction on Nuclear Science, 71 (3), 2024, 255-268.

Rodriguez D.C., Akamatsu S., Rossi F., et al., “Delayed Gamma-ray Spectroscopy for
Mixed Nuclear Material Safeguards Verification”, 44th Annual Meeting of the Institute
of Nuclear Material Management, Japan Chapter, Nov.21-22, 2023.

Rodriguez D.C., Abbas K., Bertolotti D., et al., “JAEA-JRC Collaborative Development
of Delayed Gamma-ray Spectroscopy for Nuclear Safeguards Nuclear Material
Accountancy”’, INMM-ESARDA Joint Annual Meeting, May 22-26, 2023, #331.

Rodriguez D.C., Rossi F., “JAEA/ISCN Delayed Gamma-ray Spectroscopy Inverse
Monte Carlo Analysis Development Status”, INMM-ESARDA Joint Annual Meeting,
May 22-26, 2023, #332.

Rossi F., Koizumi M., Rodriguez D.C., Takahashi T., “Design and Characterization of
the Fission Signature Assay Instrument for Nuclear Safeguards”, INMM-ESARDA
Joint Annual Meeting, May 22-26, 2023, #280.
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57 REMREVE—
Nuclear Safety Research Center

571  BREBEEHTI—F FEMAXI-8 DE#E{E
Optimization/Refactoring of Fuel Performance Code FEAMXI-8
FHI &
B2 B SE 7 Vv — T
(1) FIAHEM:

FEMAXI (%, 1.5 ot DA REHR S FEHRET v, B LG4 1 IRTCOBGHE, 258
IR A » v 2 THID T oA OFMS HRAROMA G DELERIZ L > TR S
D, BEHEO RS BT = — FCTh 5, I#i/N— 3 - FEMAXI-8 I3 2019 AN B
L. K%, BFABMIT, WFFEET. BBt A — 0 —, BASHE CEEWNFIAR G 5, T T
N TH . B B TE~OwE A O ML, SRR A BRE) A i SR 547 ) ) =
PREL, EE AL MOX BREIERET LW 2 A T OB ORGIBRRMIZEICIE I SN T\ 5, AEET
X, KRB ZRHGEHENT ~DJS A5, [l — FO45#% OB 72 215 ORI 2. Frio 7o
77 LomEk, TR, skl nEzE LR ba— N0 Ty 72 ) T ERFET D,

(2) FIARNE-BR:

AAEPEIIMEEER G & & . ALy FUSHRICKE R Y 77 7 % U o JTHH ORRERRE O Al
& Z D%, OpenMP IZX 25 ALy RIEFHLIEE FOENL R, 7 N7 U EOIFEEL Ei
L7z, FEMAXI 2B\ T < O T RERICED 257 a X FoBIGR R b RELS, A
DA v 2 ORIFIEDD T/ E W, FP T ABITET VA IFER SR E L TRt 2w,
ALy RIFHERHZRFAE ORMETHE LD AT Y RNIET 7 ¥ ASHIFO AR T ER A 2 b %1
EL7, ZNHOBEERT, ALy RIFHEA T > a VERFO L RIZX 0 | i3 RE
MFETTEDT— A« FUBREN oI Z EH MR TE T, —J7, WHEKEHO LI —R T
T, KR E LTS R VA= 2 — LNTOAE Y RIET 7 ¥ ZANEK & B
Tl NFATEIENEL D Z E b ER I, SRAFEMRF CHEONTARREZEE 2, W
FIFATHRCHEZ AT D Z LM LD 7 T ADBRFEFESE, A Ly RIEVULTIG % i
5,

Q) HRVARMER, TLRARR, ®mXH):

L
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58 JVRATLEERFtEVE—
Center for Computational Science & e-Systems

58.1 BEARHNTIRECRICEBRORREERDIFEDOD FREDIHERFHE
Computational Studies on Anomalous Reaction Related with Light Elements

and Resultant Biomolecular Function
HTH &

W

N - SN Y SR | ¥ VANV NSO N
VAT LEER R X —
(1) FABM:

AP I, B SRR 4 B 3BV THIFE R & 72 D HERE 0 - I OB B ORRFHIE T 5
FHRRF AT OB & BERE S R OB EHZ BT 2 8 R OS2 B & 35, FRC, ARRET
X, D TPICEEND R OBEELENRN O, OB TNRENEE 2R E L Riod0Hk
LGN TREET AR E T 5, FERRG L LR, Ao BT
LT 5,

AT RO L 5 iR 2 BTy I8 BT 2 B BIE, BRIV IR NS TS
BENDZ LT R DR TNRRE ORI SRS D 0 T BB 72 82 R ET
2D ThD, o T, ZOETHREKICFEL BET 2R OHER LM NN L 725,
RBETIE, FRROBTEREZELH TRICESEZ YT, ZOMEZERKEICY I 2L —vay
ATRE & D BN ABFER R I DMt BRI 52 2 = L— a3 U E VT FRR R
Ae (R OGEITARIENS) OMAE BIEE 35, £, HiicemiE o 3R
HEitatR S5 2 & T A< FEBTFHITOBESA / X—va VAL FE T2 &%
HiE9 . LA FICEARI et 8257,

R (BB 1) O' v D ARFERHE

IHET, ERNORBW T (¥ 1) DT T AERET IREEETH0E9 %
FRD U I 2 b—va AR FEE LR AR L CE Tz, ML ERSFICR N TI KER
fR CHEEREE 2R L, KESBENTDHZ LT, B AREICHEARIREL 2501
WIFELTEY | KRETIE, 5 FRKREBEIEDR, AR OMRRREIICKT L, Eo X ok
BB Z RIcT a2 I 2 b—ra VTR0 EREIFHE L, ARG TO' T ANGEICET 2 B
ROWSG%E BT,
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(2) FIFARE-HBE:
D& 5 AR O =R H S
B0 5 LI, EERS T O O U AWCEREREITIZ AT, EICTRRO 2 DOMFEIRE

% i L7,
O AHERH D& > 0 LA &2 HEIC L 0 Rk, HIAFHDO & 7 AEEHERE O — i
BT 5,

@x /) aDtFE N T U AERER N ZFHEICL VRS, ¥/ 20k v AEFHEEED
— Ui 2RI 5,

2)5 0 5 AEFEDHITERCR & T D HEEM:
BB RTINS (R RO/ a @ sr1) OSHEE v 7 AREERITIZ M
JC. TREOMFERR GaXa#E) Al L,
“Computational Studies on Cs Complexation Selectivity of Chalcitrin and Comparative

Analysis with Other pigments”, Hiroya Suno, Masahiko Machida, (to be submitted).

YGRS TR, X/ anfEotE oy +DO—>THDH Chalcitrin IZHFH L, BT A LEDH
IR ) 2 5HEIC LV Wi L 7=, Chalcitrin &%, 25O X ) =2 FRlTEWEEGHEE > T A
REPBHIEND X 2IZBWTEAINDD, FOREIDRIAGMEEHTIIH L5, K1
RT LI, AP UROGTFIERE LSO Z L A IROGTICEER S TEY D A
L DN AFNCED LB X DD, B, THETOMREICL D &, FEROIRZFF>50
+ T % Norbadione A, Badione A 5%, B3 U A &AL, B 7 AT L CORIRAYIZSE
B AZT D0 FTHdDI Do T, ZTOHFFD T, Kim X TlE, #1HT Chalcitrin &
WOWEIZEHR L, B3 U NERMEICOWTHEAER P Z 1T - 72,

X1 &/ 24357 (Chalcitrin) O FHE : B U ALK (R v T L)
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O @ A\ G2Z:M1:V1 - Electron density from Total SCF Density ( isoval = 0.0004 ; [mapped with ESP] )

2 ¥/ 3oy (Chalcitrin) &2 7 ASEADE 1% 510

21%, £0Fx /=385 F (Chalcitrin) 23 & 20 MK Z A L 72 BRICHE B 2 & 15
ENMERLTWD, ZORRNLEND ZLid ~F DRGFROAY I OIRKOE 15
NE L, WMARENFIGTFLEOREINRENT EWREBEIND, U, Nk A
A KD RENDPHIFFCTERNEZZ I, BV U ABIRMA A LW EFRERLY
HA LT,

Z OFERI, BIRMEAZ AT %5 Norbadione A & T8 Badione A & 135720 | [A U8 RS
WZH b b3 WA O BN T ARIREAZGDTOICNETH D Z LA, A%
OFERE ERLo O A L TR CE 7z, EBE, ¥/ a2 A EMIC Norbadione A &
Badione A # X WV Z<EHTHZ LD, B U ARIRMEL X cORBREICHBENH D Z &
Lo TEY, ¥/ anEMOBRIL. Lot v AL ORI EITT 52—, BRI
T, BT LAORENEMSND ZEBRRMATE D, ZRITHONTIE, RIZ, Ho7a 4Bl
FEFIIAF DTV ZRWDS B2 LBIRME & RS OBIfR & PEA S D AR EAFE S O/
(2 DD Z LI LN TH Y SROBIKRVERED —2 L EX 6D,

(3) BRURNER TVARR. HXF):
mL
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582 HHFEZAVV-BHMEYVEDRFRAT—ILIIal—ay
Atomic-Scale Simulations of Radioactive Substances Using Machine
Learning

WAL HEE. PR MR ETH B2 e R iR BRI BUR. I o
VR ab—a VEATBIRE

(1) FABM:

2011 FORAARELICER T 5 R E @S F T I ERT I L0 REHE D TRl
U, BREEFISHI R IE D i S e, BUE, RIS > TO DRI B AR S 7o RE
7V OWY HLAFE SN TS0, BRLAUFERIEE W EZ R L, B ERITES
TIEZRW, BIFIEEZ 2RI D 57201213, BEN ORI MERZREIC X 215 3Rl 2 ERE I
BL. FEBOHIE B2 ATRERM VKT 20LE R’ H 5, £, HRICm WS LIRS
B &0 DT OW T, REBERGNTIEE T LI BHE, IR B O FRYERE O L
RGBT IR & 7o T D, Atk BREREHEO —EIIFFAH SN TETHY | Ko
ToBRE TR E RN O P RERTER I RE SN2k, RERADRELD I SN D08,
BRI 5 DM HUIARTER E > Ty, —05, 7388, IR (LD EER O —>
L EaND _MLRF O A A DR E ML LT, E2ET 2 HEE 120650 £ —R ==
— FI ] OEBROIZDIZARFR T D, DO, BARIFIFCTREN 72 A kO BR %S
WL E ST WD, £z, REREHEHZRE O MG AL D 7o 01213, BRETH OF MR
R OMEANVLE & SN TN D,

ZDOXHIT, BEA, HTRUFEREE. REIEREE, HUE L AR DR R RIS OMFSE T 1 &
LT, ERBISEFIEEHROTFEN D 5, ERBIETFIET, HEOWELEHERLZ LT,
WHEOEBZEET S, Ll BUMEWEEZNEdSR LT 556, WEBRPHIREND,
ZDO—7J5, BRI FIEZ, ISRz 7 Wb 20BN H D720 BLEOBHERERIE DR
WAL R DG ERH5, LinL, B—HEFHEFESZMNL 2L T, MEOEFREL
D ENWRRICAR Y . P EFRIEAEIT) Z LIk o T RS DX AT I AERMD
CENHREICAR D, THRDOREIC KV | BERIFIEIL, W - ALFHROMAR LA T =X
LRIADSATRE T H Dt S E Ot 2 Z 2 ICFHET 5 Z E RN WRETH 5,

FROEFOT, ARETIE, \BEH LT IRERT S, PR, MEAE, H)E
RSB B - AL B R ORI R OESE TR A E T 5, R, EHRESIEIC
TR0, F—RHFHEE ERFHEFEE L, @BEISEEHEa X N ThH
D BV B 0BRSS . ISHEHR S T D,

(2) FIARE-BR:
1) oFn 5 FEERE DR E AT
1. BB 8 A — ROBR%
1.1 #fiT— 2 OFT —F_R=A L ZNEFAT LHET AT LOR%
Bt 7 o BN )R, REOBEENBEBIEDRREREZ AT — 2 L LTREL TS
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D, HEEEOMBDIRY | MR 5 TEN I REDO - O O T — % OF — 5 _— A XFE L
W, ZIT, BT — X2 OT —Z_X— A% ER L, MEREED D BIFS AT T 2 BEAF OB T
B TENFRENR r— VT EROT —Z _R— A E IR AT 2 v 4 —T = — A
EVERLT 5, Fio. BRIOMME 578 151k 2 — FOER bk T 5,

AR5 AR 4 SRR U 7B 8 0 B ) B OB T — 2 Bk, 78 . 078
NFEDOFEITEHIEHT 5 Python 227 U 7 M &SRS, 2174 BE1{k 2% Python 27 U
7 hOsERE BEL T 5,

2. R FENVIFEY I 2 b—v g VISR

2.1 BEIFEIR « B0 3 AEEEICBRAE L7= U-ZrO [BEVAIR-EER LK SRR 0O [ R OBk 7
SFENFYIab—va R HRE LT, IBIBRIKBER O T E R T v v VOB A
Mt 5, B 5 FEIL, BBFEERT vy LVOSERE BFEL 35,

2.2 FIAUFBREIEIRR : M= THR%E L7z ThO2 OMFE R T v v v V& b3 5, 55
R ITEE ORI L D MEREDE O AR L, ThOs2 OR8> 8 1 F 1R i 7 1%
FORT A= ERETDH AL T D,

2.3 MU BILR < RS LEEIC X D U R S BLER D A 1 = X LRI IANS T R 8k
MO FEERT Vv VEVERT 5, B 5 FEIT A 17 ¢ T4 N OBBEE 18 )%
By Ialb—varadEul, MEEFMT5 2 L2 BIEE T 5,

2) N 5 DORIEARE & O EENE
1. B8tk o FEh )ik o — FOBS
1.1 #T — 2 OT7 =2 X=X ZNEFHT /AT AT LADOBE

BT — ZAER, FE . 0 FE)FIEDOFETZ2AET 5 Python 227 U 7 M &Rk L7z
ML T0%IEEDTEREICEE T2, —F, Ny =Y V=2 Z@F T Inbdev] &\
9 Python /N 7 —UHERD 12D OFEREIZHABRELZBITL, 2=y FT AR
Fa AV NOERE G DTy r— VR R EIICED T,

2. BB TRV IFEY I 2 b—v 3 VISR

2.1 BEIFREGR © ERO Ry r—UBRICEN Lo, AEEED D Z LN TE ol

2.2 FAUFRREIBILR ¢ )72 RT A —Z OREIZEP L, $ 2.1 ok s EH L,

2.3 WEWLBALR : A v T ¢ T A FOEIMTE S FENFIEY I 2 b—Ya v ARE L

TWENR, ZORNZER L CTWemET AU A FEBAKMAAY FA hOvIa b
— ¥ a VRO SHBIZENT T, BMOYEEH I E 1T - 72,

FROEREOI L, @IETOIAY F A N ROMBKFIA AV FA N OREREDIEITHEAFIEIZ D
WTHRRD, AV FA M, KRERETER 1@IREND &) &2 RS H8, KEREH
2.56GPa M2 DT FTIX, EEIIKGFEEte BRI AU 74 B LT bt
& (X1b) NEETHD V) PENMRE SN (H. Hwang et al., Nature Geoscience 10, 947
(2017)), MEINIZET /VITEHBEREORERHE R 2 ENOHEAI S NI b D TH D03, MBHI72
BEICOWTIIHERITH Y . Bl S 2 —a U THERT A LENH 7=, LvL, sy

,79,



JAEA-Review 2024-044

FE BB W TR EBET 5 085" IIRKE TOWEREL BT 5 X 5 I s
NTND70Il, MIEFCTELWEREEXD2NE I A TH 72, —F, B FEGEEIX
JEDC X STHEMAFRETH LM, HHE X FOE I D BEMICKY 7% 5 TefEiEIc >V Th 7
BehBE-EH—E NVT) OvIalb—ar2E L CTRHEEZIRE ZENH LT, &
T AL, AV A N EBAKTNI A Y A SO E R T v v L EER L, NVT £
WMFESFENFE I ab—va a2 L7z, TOMEE. K10 X 5> 2RI S LN,
FT. AV FA R GERR) IToWT, BE BN EE GRAARR) IZERTBIHI ST
WA EE OGS % (@ AxU+4 b+  (b) BARHAHFYF A}

RN CETWD M, sy
)7k (A 1350k T
EXAY AN =V 1 bvhz ) v
A4 MZOWTIE IZ»>&H L
L LSRRIV
Lo, ZHUX &
T & D HRRA 2R BR BRI
DR ORI X, BE
7Dl 53y 7 8) ) 5 1E TR
A3 TH Y | HEE T
B)PIENRLETHD &
ZRLTND,

H

o

Silica tetrahedra sheet

[E# (GPa)
Kl A4 U4 b, BKMAAY F A b OHEEEDIKFHE

Q) BRYRMNER, TURRR. WXH):
IR ik

1) M. Okumura, “Machinelearning molecular dynamics simulations of materials with
complex structures,” the 7th International Symposium on Frontiers in Materials
Science, 21-24 January 2024, Hsinchu, Taiwan. [ F##]

2) M. Okumura, “Machine Learning Molecular Dynamics: A Fast and Highly Accurate
Simulation Method for Materials,” the 4th International Conference on Data Driven
Plasma Science, 16-21 April 2023, Okinawa, Japan. [#A{F:##]

3) M. Okumura, K. Kobayashi, A. Yamaguchi, “Super-hydrated kaolinite under high

pressure: A machine learning molecular dynamics study”, 33rd Goldschmidt
Conference, 9-14 July 2023, Lyon, France.

ENFR

4) BEHEE, “HEEMFESTFE RS AT AORKEFOIHT , AARRET Y
2024 FHEOHES, HRNH, KB, 2024 43 H 28 H.

_80_



JAEA-Review 2024-044

58.3 HTEHmYA~DSTHLDRIEEEDEH

Investigation of Adsorption Structure of Radium on Clay Minerals
A B, BAS HEEZ. /R K
U2 b— g VTR E
(1) FIAHEM:

FVULRINEIV T RN U LDOKBIEERIZ LV ART DA CE TH L2, v T
Pk 1L AL 00 BRETH YL RSO TS P R FEA) O AL BRRTE D FFRIZ H 7=V | Ra OEREEEIREOMEHIX
VHETHD, L, Ra ICLRERNMAENAEE T, —EEHZ OBHERENZ L, &6
W a R TAERT 2T FUNTHHADTZONEHE 25 S ITHEHRNE LD LV ->72, Ra
DIERRIED @ S22 Doy ik OE AN E#E L < | RIEHLR S8 Z 0, LosL B & 9 B E M)
5. YT, BREETF O Ra [ZBET 2AFZEHASHIEIEIN L TRV . EBRE TOWEFER 1R
DRNARE A W TE 3BT OFRER B | BREEHF O Ra 23K T L CIEE S d 2 &R
BINTWD, RalI7T A TSR THLICORER T2 Mi THEE L., BATHE W&
ABNTEZ &6, Ra M EIMICEE SN 5LV D) Z EITHEERFMRA TH D,
T DOWAERRRE, WOEHMIIRHTH D,

K TFEIE. HIBRERIE IR AFAE LIGA A VAR BEP W b, < OA 4 D5RE
FW e XBLT 5 ZENMONTEY | BEMEEEMOHEL T ICHEH SN D, Ll kit
P DOPAEREITWAE A AN &> TRRY | £ DOFIRNTRAEREE D1E RGO KR
RBICHD ZEPWMESNTND, PIAE JRFAHREROFL THEHSND LRICETI T L
C)E A brrFUABHNRHDN, CslF HERBICEE SN DD L, SrldEE ST,
W OBRBEEBREITIER S Th D, ZOJRKIL, Cs 1k T L CTRiARFN L TRAET 5 (N

B SERDIERL) 72 O35 I3 —F7 T, A b F 7 ASoITAKII LT- £ AT 5 O EE
%O%%t.&%ﬁﬂ%w EMEBEZDBNTND, o THHIMT R4 2 WAE 28 2 5

(2T DITIE. ZENENDA A > OWAERIE, FHCUAEROKFREZ AT 2 0E B3 H 5,

Cs R Sr 72 & Z < DA A > O EHMT 63 2 W E ORI e Fik 2 vz
FEBROU I 2 b= g TR DITOILTELA, Ra L TL, EREOFEBROEHEL 6500
SR TFENEH SN TE LT, V2l —va VORITHFE LD, £ 2 TARZETIX
Ra O/KFItEEF L O%E LI ~DOWEREEIZ OV T, R L 70 2 538 X BRI S &
(EXAFQ)EZ AW fiAZ Big+ L L bic, Yalb—varzZHA0MAbLE/mL, Rad
WEEE), OVWTIEIREDP TOBREZMATLILLANE TS,

ZHETICHE SN TV D ERFTRICHES< & Ra IZWEISHAZ TR L CRE 812 E
L. BEPTHEIEMCEESND ZENTHESND, b LTHIEY OFRAE ST, H
EREJE IR AFFET D i 2 VT, BRI @ Ra 2 fliEICEE « FrET D 2 L5 AlHE
bHZ LIRS, R ARG TRIRE(FREDGHETHERE /AT P 2525,
W, RS TR TR S S O 72 . HPE SGI8600 & VTR 21T 9,
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(2) FIARNE-EE:
AF0 b FEEDHIZERR & T DEEM

K LI~ DWAE FOS I3 & 720 R DBRBI S 2 X D120 HEETH D05, WAEA A1
FoTEDOREIRE SRR L, BIAITIEFHIFEEFOFE) S H Sttt v o

(ColE TR IR < [HE L7223, [FERIC
T SN A S a v F o AR EE
SN o7z, MHOREZEBOEVL, K
T ~OREHEEN R DD EBZD
N5, Cstvkh LM 254 5 BRI, ik
LClAE LNBSEEREZTERT 522 & N5
NTW5b, —FTSe B AET DB, K
FL7oE EWE LIANEISER Z TR T 2 2 &
MEHN TN 1), —RICHESERD T
DIMESER L 0 HE LIZ< Wiz,
Cs T HEREICHEE I NS —F T SridfEE
INZRVEW ) REFBHREOE NN EENT
EEZLND[], ZDXHIT, w7 viBREE
BREA PR L= D HEE L7203 57201213,
31 LV DR EREE O BRI UIE T H D,
LU, KR8~ D W SOG X B 7 7
W, WAEMEZRD DERIIAATH D, *
2. AR TEH LTS T YT AR)ICD
WTIE, TOBERVOEE L X5, Wi
DL Z N E TIThbiL TV Rhotlz, 2
T, AR T, ORa DR HFEM ~ DL S

SHEEE 4R AAEgE &
ﬂ!]i‘i cr!ﬁﬂﬂmmmw>
JE RIS

(LK T
»

B LA
LPF—ZAA>

X 1. PIREEE S &AM EIBEIR DIE .

Ra-Si

/\ Ra-0,
1&{\%—34134h

EELOF A

—

FT magnitude

HKANA A

0 1 2 3 4 5 6
R + AR (A)

[¥ 2. Ra ® EXAFS Z~2% kL.

KfnLEtrEY B A N TIEFEZDOH,
N—=IFa2T4 P TIHE FHLALND,
FERITMNEAE R 2 | BTSSR 2 R,

DA KOG FRKEICHE & OB R R 28 RO 2@ L TL Y — Rk Shizmid

rRGETLZ L AR L

DIZDWT, Ra DXL LS A& ORI % F28k & SR O HIT 572, FERIZ DWW T
(X NI X RIS (EXAFSIE AR L. B tiesk SPring-8 (2 THs T84 Ra Wb
REIOMEZ T o7z, MEFHE L TNN—IF 2T FEEVEY v A MW, ZOR
R, Ra l3N—IF =274 MIx L THESEREZER T 2 —FH, EEY rF A MZOWTIT
SMESERZ TR T 2 Z ERbho (X 2), Oz AT MVENT L, Ra &2 OELEO
PRBEA BN U7z, FRICN—IF 2 T4 MIWFE L2 Ralc 20T, BBRO)7 1 FE(SD & o
ifE Ra—O1. Ra—02, Ra—Si, WZNLH 2.87TA, 4.17A, 376 A Th2 = Livbroiz,

FHRIZOWTIE, KO T ERICAFAE LR WNBIEE RO E B Liz, N—IF%F a2 T4 |k
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DJERIC Ra 23 LIHEIEIC L S P S P
WT, VASP % IV T AL Lo |

AT o T2, BT EEIZ DOV T,
Ra & % D JE O+ 0 P % &
HL, EANTTLEBERLE E ! 11 '

25 3), LRROKBRFER L D © o PTET I e s s3E

=]

Frequency

-littl-lliul

o~

T
IR
1

Distance (A)

LLETVOZSIERTHER SN 2 3. Ra W3 LM HBMOET L E E A KT A
ADIZDWT Bix Te e & R A& L B e 2 e

LR LB ORI E KT~ o opag ?5*57;_§% e
DRTIES Y R 7 vial

Lz, ZORER, =HLF—Dhk ; 0 _4
WNofE I 2 fi 4 4 v 5 5
Mg>Ca>Sr>Ba>Ra, 1 ffif 4> gj"; ] Sl | -
T Na>K>Rb>Cs & 720 (X 4), "3 “Coordinate of baxis 3 i oty

AFEEDOIRE - LT, F

Tos AR BRENA AT 4. KRz 7pon 2 Wh LIRS L8 o
(X b EHOEA 0 Chb T84 D 221 BT v v LT R F—

DHL) OEFIZRT ¥ Y VTR F =0/ Z b Mt DOZER & A A DY
A RHEMENEETH D Z Ehbrol,

R HIETIE, ERE T O SiY Al B 5 2 & TEMEZAEMRT 55, Si & Al DIEMER
BLE 2 EBRDN OB 2T 203 EE Ly, & 2 CTHRIFZETIE. Si & Al ORLEE SR 272
% AFHOET VEER L, FRROFHEEZITo7, TOME, EiLo T4 4 R/ KRE W
WEETHY . ZOBE K LFOZEHRO LR R BIRT R F =205 LW O HmARL
M. ZOMMIE ST & Al ORLESCEREICLI LSRN ENDoTc, 29 W o e Rt ZRFH A
BROMRICE D | Hra Rt BOWAERELZHET D52 LN TE, ZORRITE SV TR A 72
TLHRDORBEFNAHE LI VB L2032 2 LIT&io, Bz iR, mEHE R /13EHRO
FHIC K > TR SN U LOFENC ORI MNP EE TH L2 LML TED |
A@@%ﬂﬁ IR S0 L OREEREMIIICHET 5, LEONEZ F L o TEERE T &

IZEF L. B 6 FICHRE T,
BEHR
[1] A.Yamaguchi et al. J. “Local structure of strontium adsorbed on 2:1 clay minerals
and its comparison with cesium by XAFS in terms of migration of their radioisotopes
in the environment” , Radioanal. Nucl. Chem. 317,545-551(2018).

() BMBRURF(ER, TLAHE, AXF):

1)  A.Yamaguchi, Y. Kurihara, K. Nagata, K. Tanaka, S. Higaki, T. Kobayashi, H. Tanida,
Y. Ohara, K. Yokoyama, T. Yaita, T. Yoshimura, M. Okumura, Y. Takahashi, Molecular
geochemistry of radium: a key to understanding cation adsorption reaction on clay
minerals, Journal of Colloid and Interface Science, 661, 2024, pp. 317-332.
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584 HFE—REHEICLEIREFIAMHESIEEIBOME

First-Principles Study of the Degradation of Nuclear Materials
o ER
VR 2 b— g UHANB R E
(1) FIAHEM:

JF 1 AR IER BT I3k % 2B D RIBENMFAET 2D, T2 & ZITEARIFIZ B W TIEN B SH D
S b, =27 7 ROISHBERNLRENRH Y | BB B TUIBF RSO S KFEMabo
AIREPE MR S LT D, INERRBRENRER SR D 2 — 7y b B I\ TIRERIA B D K ftgn
EATRZLDFEIZE 25L& HITHBEBRIZB W TR LN D EES B LRSS
TWD, ZOXITEF IR (FITEH) ([TIIHEOMA b ORIED 2 B D | £ I3 E
DFFMEREST DD, ZD AT =X LA R LR ERRBUZ SN R A i 2 & 23, 8
KIFER AW O EMEm B2 L > TRETH D, AFETIE, WEHOMEZ T D71 - &
FOWDENZFLRT 2 H—HEFHE 2 AV HIEPMeb A U = X LD A - w0 D OR
KRRz HEE L T\ D,

(2) FIARNE-BR:

I AR EM B O —DIC A — AT F A FATF UL RN H Y . = OHIZFHEOITTHEN
FCCHEEA b H, NI Cr 2 EDOAREB LR NA/S—tr R W) @mOEIGTE ., o,
BILRDOBNEAE IR T X LZEE L THBMERE L o T D, 2O XD REEICHE LI
PR UNT o F MIEE LGB L CE, — I — R 118 OFE CIE
FP. RO AERREICH L TEHE L, 208 B2 T 2 EOBIENLIE L 7R D1EH,
BEPE 2 &0 DO REESENF R CRIEBRNEE L 22> TV D, A=A T F A FRAT L Ao Bk
RWHEEDO—2 L LT, Ni &R L WIGEITKEMMECRT T HMER SN B35 TV 5D,
D7, KFEAT—a v ETHEDN DB ENTIEIC NI BOZ WA —RAT A R A
TULVAITH D, TF, 2 A MIEAEBEELTCZIOL ) A —RATF A FRAT VL AHD
M AKSEMEEDHFTE STV D8, KEOZ BTN L 0 BECIENEDS EFH3 2 &0 9, FEHIC
BLRZR W N R ST D,

ZDEINC, A—ATFA FRAT L ARO G ARSI X B itk EHEER RO AR ZE R
RS, Cr X° Ni DX 9 B EKRFEWERE & OBRRBTINO TV D, RIF5ET
(F A—=AT T A FRAT 2 U ABO KRR L — O — JFHE G 2 A, KRR
ORNERER & B U, FHREBAN OBRSE & RS RO E EMEOMGEEE . ER & OB AT DD
ATz, BARAOIZIE, 1 DX 95 B84 55(Cr, Ni, etc) & 7 & LICEE L=V &2 vz
BRI L o OKBRBEMT 2L X —O8F — G A2 32 B & iR 21TV B RS E
DRRFEZAT > Toy BB A XORGE, BiEO RS Ol e &2 38/I24T 5, B
4RI, T X LR FTELE A B UEEICET DR AT O RIS, b E e R g
T % Antiferromagnetic doublelayer (AFMD)##i& D FCC 412 1 ff & 5\ E 2 fE D Ni g OY
Cr i 2B A LTFHEZITV, FCC #kHh O /KB I /L X —IZ%F9 % Ni X Cr Jii 1 DU
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DR LTI~ T,

AN 4 AP S O SORBEMERCE & E L7 BRI & RO 32 T Fe & &tk L HIC,
1-2JfiF D Cr °Ni ZE#H L TRE L, KERN= IR LF—ZFH L, ZOTRLF—(THT
% Fee $H1 0 Ni Ji+ Cr i DRELZ IR~ T2, & L OKFERIN T R/LF—D Ni,Cr
BEARAENEZ BT AL L CERIZE T D KERINE L 2 206 H M S HKFRIN T RV F —
BT B L, 072 LT D2 3 gnol, TOWDERELE LA 5 HEIX, Lk
D &5 7p THRMERLE 2 EE T, T X L NEE SQS B KV /hNEWEANTE
T LTz ' &2 VT, RKERIN T RV X — DGR 2 T,

2(a)ix, Fe-36Ni @ SQS & DFELEIZE VT AFMD Ri5EdE 2 E Lz 5E oK
FWIN T 7L X —(Esol) & 7k FE 5= (Occupation) DA TH 5, o 4 FEIZHE LT-, SQS
B & 7220 E OB (AFMD) B S & O 2 V7 WS Es 1) 2 KFEWRIN = R L F—D
ARG R A2 (AFMD-model) & L TR L72, X 2b)1F, WM EOHBEM-ETH D, WRER
SMEEIIa ) =T =L L AEVDOT v T AT U ERIOLHREE LT D 2 & TRBIMEE G Z
EoTWAHN, 32 JRTFLWIFTFEDODRNELDTD, T X M EEDOBBIC R4y
KR 57 E | FHRERIERITKD,

AFMD-model & 4RI SQS FHARE RA T 2 & SQS GRS H TIIKFERIN = /L F
—IIEL2ENELTEY | BIEOKBRIN =RV X—DH A MEDiEWE & HFRE ML T
BHELTWLA2OTERWNEEZ DILD, HEOBRMMER XS & MRS ORI S | KR
WX TRV F—=DE SO TEWVRRLOND, FRITKREAROFELTHY . b 2 ER
EG 0.01) & i d % L REDICEB STV 5,

« Fe50% Cr25% Ni25%
« Special Quasirandom Structure (SQS)

32 atom/cell
X1 32 F1%H\=SQS T /v
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008
Esol (eV/atom)

0002 0004 0006 0008 0010
Occupation (0-1)

o012 0014

AFMD-model

o4

aoe 008 olo 012 014 ale
Esol (ev/atom)

0001 0002 0003

0004 0.00% 0.008 0,007 aoos

O runation 011

2 Vafit L ¥ — (Esol) & 54 3 (Occupation) (a) AFMD (b) # Rk

Q) HRUARMER, TLRARR, ®XF):

1) M.Yamaguchi, T.Tsuru, K.Ebihara, M.Itakura, "First-principles calculations of
hydrogen trapping energy on incoherent interfaces of aluminum alloys", Materials
Transactions 64, 2553-2559 (2023).

2)  (FEEses) WO ER], NRIESBMELOCEEINE L Mk A =X A B REEE ) £
TO H, 624, 10 5, 646-651 (2023).

3)  (RfFEE) Lo ER], #&1/KiaEFE—FREFE SRR & TR0 LRIV T-
%5 32 AR T RMa 7 +— 7 2, 2023 4E 9 A 16 H, HALKE&HF (LH).

4) (FEBE =) M. Yamaguchi, T. Tsuru, K. Ebihara, M. Itakura, First-principles

calculations of hydrogen trapping energy on incoherent interfaces in aluminum alloys,
MRM2023/TUMRS-ICA2023, December 11-16, 2023, Kyoto, Japan.
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585 KEMHOE-—RESFHAFHE
First-principles Molecular Dynamics Simulations of Hydrogen Materials
EH8 K2, Thomsen Bo
VR 2 b—y g UHTB R E
(1) FABE:

AR T, R 7153 B O Jedm B I o THE B R & R 7o 3K EMBH % O AR iR B
DIz KEMEOE T T B PR HEE1T D,

J5 71 B O K ER AR FE ORI TR IR, JRIEFEUZFE D B Y F 0 LKLE v T DOKEHK
DB, BEIFIZAE D ~A T =7 7 FF A FOBEE . Bala BRI A /] R 22K
FIEW OV IE, &R EOKFZMALCIE G & E, HELTIZRB T DT KERY 27 DR
IR E L BERITIRD 720, KRBTk % 7235 CEREREHI ZH T, ORI L 25 KED
WHLRIR 2 BN ORI R 720, —05, BB « XX —E~DOEROEE D b, K
R RO R F LR L U TR 5720 0B #ANER STV D, HARBUN
X, B A FITREDRT AP M A REKE LTErIZT D likFEiS) 28T 2242 EH
L. A4 BT GX FEIUTANT T AR TR Z4TH I Lz, ZHUSfiv, Rk E
RS F~ AW L KFRITEANC B DM BEREHI AT | BRI B R DK FEIR 5
MBS DB A RO DT D DS - FUBRMIE N EEI AL TV 5D,

KRFT, K72 EDWAR, SRR EOEIRNTS, AMWER EDEKRGTFHRE, ek
BORThERIAFIEL TWDL TR TH D, KEORIL, RKAMiE+1 7 H-1 FTELATE
WS ELZ LR, 82RO TWTWETZEEZED TN LR ETHY , KEME
DOYMEAE BT L TND, Lol KFEIF XBITKE LWL, BlHOE LW THETHH
Do 2D, HAEREASOHRIREE > TWDH, & 2T, HEEHIIKFE RO AR FHINIE,
FHARFHATBHIE TV ALA TV D, ZOWFEMRO—EIT, m R PR e (BEEZ,
[KFEORFHAID S L ZE LB — Ry T8 ) FEtE L 2010 4F), i Ialb—
va UIMPRETFINE GEEIEZ. TK#E - EARBEORFHRENF LR L' n 32 3
a2 b—a ], 2010 4F) OZExG Lo TE,

FEEH I, EROKFEET 7Y =7 MIBINL T\ D, SCHEHEE OB AR EEmZE [N
A Favx/ I 7 A FHEWE KFEOGHRIC X 2 KEHEED @REE TR CERL 30 425
~OH 4R . ENZE B [T LR PO EFimIl D KB L F—MEHO 5 — R
XAt (BN 3 FE~DF 5 ) | FRIIE B TS O KB RINARZN R OfERT « 55— BRRR I
T oy FEN )RR & @SBRI LD REH ) (B b AR ~A TN TR | FURIFSE C [ —
JR BN Ly 7B )P R OB KFE OB FIREN A MVEMRE) (B 5 A~ TR
E) D TE Iz, £o, AN UEHEMBE TR R E - BOBHEMBIZIC L 2 ET 4
AT 723 - 7 — ZMPEERFESE) (B 2 SR ~D N 4 4£) ICbBboT& 7z, i
LT v Y=y MEEIZIEW T, R IO KRG HRERSEREL IR A 7 7 & LTRMER
WFETH D, THET, B EEOFEMAI I X 2%, EEGSRRE4ml <%
BogR L., EReBATE,
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(2) FIRRE-ER:
a) /K KOHEE & B
AR E T OWMIRRRIZ B 1 5 HK

(H:20, D20, T20) (22T, R . ®] ¢ | ©
BB TR AT, MR i AL i/k/\*#fﬁh
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KFBMEAEDBIIZEN DY, HHTFHNB X
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LR U7, Zhud, KFE - BARER T

DEEFER b1 b T R THEDOTHTH Jljﬁ\//a\-ljﬂJf\ﬁ/‘“
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KOBFEARTTR, KRARRFE & 7 5 T m o 6T 70 53w 5 s
M EBE RS MK EZX 1 1R
T ZOBBOMIMARE L 2DIFE K
DFEDOKBREEDBNZ EEEKT,
— 7 D SE, KGFR T Sk
RrRLTEY, KE{KEHEORE %
KTREEDO—DOTH D, FHERMEE.
H20, D20 (2B L CTHMEFarEEs & X
—EHLTWD, —J7, T0 IFHEHET
b5 EMBERERIIFELRY, K
W2 Tl T20, D20, HeO DJETE—27 BNEWEEERIZ/R D | D20 OA 5 T:0  Ha0 L
D IKFEREG RN E DGR TR E N,

I, ERFERORVERAK (HDO, HTO) OFtHEAIT-72, H,D, T MNEEGT HKIZH
WC, AL Z X)) U 72 R EK OREE X B CRIERETH Y | SHRICE D2 TR D, 20
FERIC LA, HDO & HTO O FHEEIIIEIFRTH D . £ DJE D IT/ESL N D KBRS
DOXHHERFAN TN D, 2P, FJHEEFEIZEL S HTO (MU F v AK) OEICET 2408
HEONLIZNETRNSTID, RREDHRYI L o7, ZOFEENZIGH LT, ®HEK
DM EEIC BT 2 BB OFIEEZ A S5 L7z (Tsuchiya, Shiga, Tsuneyuki, Thomsen,
Physical Review Research 6 (2), 023302),

glOox)
glxx)

1: 7K D — PR AL S o F B ) 3R D
B o AKROEAKFZELA (H20, D20, T20)
BT omFE-AKBR M (), KFE-KBRT
OB (F), 5 (V7 —@#) &
HPEE TSR (REAM H20, K D0) D
i, 70k, KB (K& D20) O i3 T iEREIC 3
WT 0 IZRo>TWNEDIET —F REIC LD T —
TA7 77 b,

b) [E AR E D KRR

KFFIMOTHE LY bERT ZEE TR TE DL 2 LBRMON TN D, KED Z ORI,
IKSEWR, BREHE LR SRk 2 I BB O IEERIC > T D EBEZ BTN D, & ZAD,
IR O 2 K0 3 L < H1 D 7o D ISR B R IEEIR B ORERIE L, BUE S RBAS Tl
U, SRR TR IE WTREZR IR SRS HIR) S, PERGREHC K> THIET — 2 D6 & R 5
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No, —J7. 58— JRBLE R Tl PE RO 12 B

F % WA LISAT 5 £ k7R F B won wo e
BT L, T ZCAZE T, B R ERE @ Nb [ ’ '
B R L BB AR T o Y v bR DT ?1W1 0°R o
ATIEIERECE T Lz, A7y 1 T o
R KT B 7 IR § | (e
(BT B i LICHBRIARE S § jon |8 B .
DIREB T B ER R LRI TR 8 {6 23’ :
+ 5. g aireqe aam

ARBFSECIL, MR H i 428 Nb, Fe, W o .

WNEBIZ 31T 2 KFEDFNA (H, D, T) OILHR 107 0 20 40 60 80 100
Rz x LTt R #4772 (Kwon, Shiga,
Kimizuka, Oda, Acta Mater., 247, 118739
(2023)), [ 2 1%, Nb K ILBARE DI
IRAFPEIC BT DR RS R 2 ER & e L 72
LD ThDH, W OG My 8 )7k
(CLMD) Tl fRIEIZ 72 DTV IR ER %
Ze s/ NI D AR 3 0D, ZAVTKFER
FOEFHR (V) o7 FAES) M
KBS TWRW D TH D, —J. BEfim
(S B TERREM (PI-QTST) <0, FHiliH Th OIS buA Ry 7B
WD EAKRBRFDOEFDRNPIEL S KIS T, JRVIREE CERMEAZFHT L, HE
D/INSWAKRFERIMADOIE (H,D, T) TEFIRPKE, 9 LT, HJRHFRELEML 72
BWEE R T vy v E BT IIREBRE LIRS IE 2 M E D TR RIC L - T
OSSR I 31T DK BIE RS 2 & AR U 7, (RIRE Ak C SRBRAGHM 23 8 L
WEKFILHIZ DWW T h BHEMED 2 FHIT— 2 B3 Gbhi,

¥ 2 : Nb Hizkif 2 KFEFME H (B). D
), T (F) IR OIREMRAAM, Ak
DOV HRIVTERE, BOEDT RNV
R, FERRIT A Ly 78 )77k (CLMD) |
PO A IR R 12 D < & T EB IR B
(PI-QTST) . =M1 #iim T b o R0
o hrA FpFE /)5 (CMD) I X 55HE

o) R ESy 1B ) LB A

WETIZRIT 5 KEOREEIL, BTEHARY MUIIKRENS, 2T, EBRTHAISH
L EAFIRE) AT ML EAHERINCHEIRT 5 DI, IR L OHNEEIZR D, L, &R
AR MR EZBEETE) L35 L. B AHOREINR S BOISER L 17558
IR TRHHEADRRE > TLE S, £ T, BUEMNRFRE TR FIRZITLANCH 5 il
BERARD BN TS, fEkO ek E LT CMD, RPMD BMERE SN TE 2, Zh
SIXFEW A 2 REN AR » 7Y S NBEFIC R D HESRE L CLEOMENDH D, 2
T, BFRRFOEERICH TS5 Newton-like 72 HFER L | FEHELIEBENI T 2 @ =
Langevin SRR ZEHN LTS Z & T, EROEWFAESR 20+ 2 Z L 2| B L, 2
Nz AWV TKROFINLIN AT SV OFHREZITV, EFIREI AT MR ERICE SN D 2
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EER LT (BHFEERRERTE), 618, @FTKFIZE T 2 IEMMEBELA Y ML EHFE L
T2 A ERE IS A Z & A5G LT (Shiga, Thomsen, Kimizuka, Physical Review
B 109 (5), 054303) ,

Q) HRURMER, TLRARR, ®XF):

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

[F&3C (&#iff) ] M. Shiga, B. Thomsen, H. Kimizuka, "Inelastic Neutron Scattering
of Hydrogen in Palladium Studied by Semiclassical Dynamics" Physical Review B 109
(5), 054303 (2024).

[Fm3C (&Hif) ] J. Tsuchiya, M. Shiga, S. Tsuneyuki, E. C. Thompson, "Nuclear
quantum effect on the elasticity of ice VII under pressure: A path-integral molecular
dynamics study" Physical Review Research 6 (2), 023302 (2024).

[Gasc (EFefh) ] S-E 2, bavrAR—, kIHER, "V 7 v =7#J TPIMD]",
GFvIalb—va Rk T 70, 25, 303-310 (2023).

[F&3C (&) ] H. Kwon, M. Shiga, H. Kimizuka, T. Oda, " Accurate description of

hydrogen diffusivity in bce metals using machine-learning moment tensor potentials
and path-integral method" Acta. Mater., 247, 118739 (2023). IF = 9.4

[#% (3:3)] M. Shiga, "Hydrogenomics: The Science of Fully Utilizing Hydrogen",
S. Orimo, K. Fukutani, K. Fujita (Eds.), (Kyoritsu, 2023).

[EN&HE] BEEs, "B TyIal—var Y7 hy=7 PIMD (220 T",
Quloud-PIMD t 3 F-— (2023/12/13), #ix (RAFakH).

[ENGE] EEEr, "BREESHERICES OEHmE )3, 17y Ial—ra g
= (2023/12/4), faH (MEAER).

[[EBE45] M._Shiga, "Brownian Chain Molecular Dynamics: A Semiclassical Path
Integral Approach", The 6th International Conference on Molecular Simulations
(ICMS 2023), (2023/10/8), Taipei (B1%F:#1H).

[EWNsi#] BB, "SI MBI )2 KD IRE A2 FVEHE",
(2023/9/13), % 17 Moy R RRE, KBRS (N2 2 —5%R).

[[EBE 455 ] M. Shiga, "Brownian Chain Molecular Dynamics: A path integral approach
for vibrational spectra", The 5th conference of Theory and Applications of
Computational Chemistry (2023/9/8), Sapporo (GHfFikiH).

[ S # ] M. Shiga, "Path Integral Brownian Chain Molecular Dynamics: A
Semiclassical Approach for Vibrational Spectra", 34th IUPAP Conference on
Computational Physics, (2023/8/8), Kobe ([HH%3).

[ EBE43%] M. Shiga, "Probing Quantum Effects in Materials by Ab Initio Path

Integral Simulations", CECAM Flagship School on Path Integral Quantum Mechanics
(2023/6/8), Tel Aviv (FRFFi#1H).
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586 HWHBFENFINFICEIRERFADEFICETHEREVEDSHREDIEEN
Analysis of Physical Properties of Amorphous Materials in the Nuclear Field
by Machine Learning Molecular Dynamics

ABE R BAS ML TR B2
VR ab—a VEATBIRE
(1) FABM:

TS5 BClx, BEFEOS T3 2 b— a3 VHANR TR SR e B x 22 L
MUEHERY I ab—ya v aE T D2L8ENRH L, Bl 27 ) — MHE - Kk
W2 3T 2 B E DOFAT « W& B ORI ITKESHK « B O BEEZTEOILRL, (b
POSZEBRE LI FyIab—ra yPNRBEERD, $o, @EH RT3 EFT TOEEF
HLDRRZRIRDL T T T TR OFERIE DR E S &L 72 D, ULE D K5 M & )R
T LN BIRNTT 21X FEV ) FEOFENAFHATH L B X DN D0, iy 78
TIFITREERA 72 /3T A — 2 (R AKAFT D 720 15 B AT R OEFMEITIT 20 R 2 L B
L%, —Ji, BB/ T A= ZIKAFE LRV ERERIR & LT, &7 iRk v
FFEE R SFET D0, TOFEIA NOREEND, HADVAT AFA XL I al—
va VIR HIR S D, ARRRE T, B R & FEORE T FEi I #OFETH
AIRE & 7R DA E S FEN R E A O R I B B WD T R L 7R D B TEEME M
LEMED TV ab—a CVEINORE AT 9, UFICEERRid S 2 i 7,

<A MR O HIE P OB U A DOWE - JEBEET O fEHT
fEEHE T IR ETOFRIZLY | REOKNMEE D ARRE L2 7 ) — b
TENGET D, 27 U— b, KIS BT 2 BEE > T A OWAETEIE O FERE A I
LTWS ZEIFHEETH D, i FE o FE T2 Z L2k, 27—
B R tIck T AESESF I ab—Ya v AERL, 3y ) — MH - KT
(2B D U A OWSE - JEHCEEE 2 O N T 5,

- B Oy T80 1R K D IR M O fRAT
% DAV KBTI EN IS A IS Z E N bR TV D, Eio, Bk
DR « BEFEBLSRZ B OIS T 272120, IR - FESE WM % @R 2 Fe b mT RE 72 ik
BB NGOBRENPMLETH D, RiE TR bRENRIELEVE THDLTENLT 7
AU F1 OWHESRCEE IR O Rl « ViR [ B 5 % 200G FE Ok AT RE 2R B 8 18 DR EE %
79,

(2) FIARE-BR:

1) &Fn 5 FEOHERR L ZOEEMK

BHSFEILTENT 7 ALY 7 O ERREEE O AT A FE i LTo, — RIS IR E RS

i D K 9 RIS T, BT OB FET HEBZEZ DN TNWDN, TELT 7 AV

UhERFRETDH, HONOEEEME TIPS FRENFET D 2 E BRI ST
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%o ZOHERBEERFIT X R - P ETIC RS WD TR RISV E — v — 2 (FSDP) & L T
B, TOMEEFICEAL CEIRVWHER SN TE 2, TELT 7 ZWEIZEKIT 5 T iR
BRI 7 AD@GEHE - GESTREEE L TBY | K7 7 4 N—% AW KBOLIEE 5 O pE
FISHZBWTITHEETH D, £z, TIEBERRAAESEIX, BAEME O T ZAHRE S & BIE L
TWAZ EWNRBEN TS T=H[Kohara, S et al. Scientific Reports (2021)], #/& O fhfiE -
R O BB PMRIC L > THEETH D, FSDP IFEMIC L W KESE(LT D Z EndlEsh
TV, KRTEM LIV Y DT TALEEBTIEM L2V B H T AD FSDP (XZLE 4
/J[Kono, Y. et al. Nat. Commun (2022)]. 4 K[Onodera, Y. et al. NPG Asia Mater (2020)]3"
52 ENMEESNTVD, KM 1@IIFTFERENT (REEM) &mRBEETE (SRER (28
FHTENT 7 ALY HO FSDP ZHBFAE T BT L VR LIEbOTH S, Wik
B 1FI3RE - SIREMICRB T AERT — Y ORI EHETLHZENTE T,
FSDP % A= 7 4~ BB O BB e & O IFIC B L Tl %2 < OGS T T ARMEB SR T
TN TENT 7 ALY DIZBOTR, A FBBLAFESICL > TR END Y > 7
Mo FEREDEHIYE (K 1) ICERT D EVIBBENTH D, Fxld, arEa—F—F
(KSR SN T BN T 7 AV ) AOHET — 2125 L, U o 7 L OB — v
AT hARERV—E AW 21T 9 2 L1280 EBIC Y o Z RS R o Hh FREE O 5 B
23 FSDP Z 4 H LTV
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R, RRERETIZ, & 7T
DY TDOT AT Rt
NEALT DD L, &

(d)

o
©
(=]

o
o
3]

L
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BT, RERY v ERER b 3F
. . o ERER ERER
TDT AT NI * & 95 68 7 8 ¥
Yus A X
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DL INER D TIPBRERYCTETHI D Z L1280 (K1 (D), VT DEI AT —/Ln
Bt 25 &T, U U TRIOBEMIMENHE L, FSDP OFZEICTHFE L TND Z LN mhoiz,
KREIZLOTENLT 7 A2 Y BITBT 2 PHEERFEEDOZITY) v I iEEDEIEEFEIC
L VFEASIToND Z ERH LN -T2,

() HBURMEE, TURARE. AXE):
'
1) Keita Kobayashi, Masahiko Okumura, Hiroki Nakamura, Mitsuhiro Itakura,

Masahiko Machida, Shingo Urata, and Kentaro Suzuya, “Machine learning molecular

dynamics reveals the structural origin of the first sharp diffraction peak in high-
density silica glasses”, Scientific Reports 13 (2023) 18721 .
- BREE
2)  AMREKR, ABRF, BEHEE, THCEE S TRV HEIC R D EEARMA A Y A D
BENT ) BRI F-71584 2023 FFKORE, A dTERFRIF v 73R, 2023 4 9 A.
3)  MREEK, THTE 0 FENVFPIEIC K D mBE S Y I H T R8BI D BRI OfiF
Br) 2023 FFHE K - JESEEIIFIES, 2024,
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587 RF - DFIIal—1avIT&b%AE O YT
Atomic Simulations of Physical Properties for Nuclear Fuel
kS (A
VI ab— g UEINBIRE
(1) FABE:

AWFED BHJIE, BRELOME CTh LHB(LT 7 F = N&hpo L3257 7 F = Meawse
BN BT 26 Bt oWt E . B R R A B LT Iab—va VTR VHER L,
BRI B E OWIPER I X 25l A2 ATRE & L CL BIREIBRR o 7 7 7 7 v MENTIZ
H#kT 22 & Thd,

BTNV =T L EaO E LT 7 F = NMEEWITE OB o EOfIRD) b E
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(2) FIARE-BR:
A TS - FEHEZ R LAETEEZAVT, BT 7 F= ROEERREBICE T DA
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PO EIET RO T2 OIITEETH D . DWW TIBRENT 77U OB H 1< B - TL
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AR O Y | ZF b7 7 F = NIHMEIE CHEERBSRTF 222 LR Z W, H—JHEEE T
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WHIDD, TN THMKERTFZHET 501, RIFVIRETH D,
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(ACFDT) ZHWT, FEBRTHMN I TV D IEMMEDILERBEZFHT 5 2 LTI LTz,
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P G 7RG R 21372,
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588 RBEMHOE—REFHE
DFT Calculation of Structural Materials
WA FE
U3 2 b— g B E
(1) FABM:

AT L AR RN OEEM B L TEHEETH L2 DITIZ ., v F U LA E CTiRA
WHIBRTHOW S TWD, £ ADS X° FBR 72 EORMAF TIIvk R 0 12k R4
BEGBEE L THWDAHANE < FiZ ADS TIXEh B A~ AWM L 2 & O IR 4 8 e
LSRR ET 2RO D ER & 72 D, F T, BRI O s S CIEHIERRR Y & O BOR Tl IS Bl
T5, ~HTAT UV LVADOFEF I 2 b—3 9 S & 2R LEEEIL 7 = F 1 RIS~
THEA TRV, ZORKRIZAT VL ART Vo F AR EEE R L, B FEHENE ST
AT A2V RICH D ARBE TIIRMIB 225 — [R5 & B R E 2 VT ORE 2 iRk
L. A7 v L AMOWE 2 L. BRI ORZEE BRI TNT 22T VERET L2 L
Th b,

(2) FIARE-BR:
1) ERKE AR
ADS #8t (A—RTF A Nl) OWHETETIE O R E TS

JFF- 1 HRE TR o 2 — L liHE L1T > T 5 ADS MBIOBIZETIZ 7 = T A ML 4 —
AT FA NMEMERMIELE L TR SN TS, — AT A MEIEH—FEGFHEIZB VT
PEOF DML 720 | ZOFBEIENHL L TE LT, VAT A5tHEAZE v ¥ —OF N
FEHFHECIXZ OREEREEZ BEO—2 L LTW5, S 5 EEITZOBEEREDORD,
F—ATF A NMAOREE & AT R OW T, B 4 FEIIT o I Mo B E CTORE & IEE
L. ARIREOW FREIZBET 2 2 & 21To72,

F—=ATFA ML, BRIZ7 B L 20%= v 7V 10%EEE M2 =64 THY . Wk,
RSP | BB K IE DR RS 0T AR ADS D B — A BMEH, £ -EEER THLFIEN D
T UL AMBRCHBNH R U TR b T\ D, Lo L, B FEEEIC X 2R L O
FEEOBRILE B TH D, R BE 2 EREEMEHIE DS 7 = 7 4 MOV T
BEtEA L3 B o folRiE A W T2 8 — R A D e L LRI AN T REIC 72 o T D
N, A—ATFA MIFRTERIETFOAE NI U F N FRE T EBEE 720 . 2ok
REA FHL L 2T UEE A BB CEX N E WO BN H 5, REEITAT > L AT LK
EEERVFEFREEICOWT, BUREI L B0 RTEIE 25 2, T ORIERIECIREN R 2
BT OB ERT vy VERRET D LA T T,

AT UV AHITIE T X LI HMEIREEICIN 2. Fe, Cr, Ni O =JiEN T ¥ LIERE LT
BAERELBETILEND 0 EIEMIC D, ZOMBEE RS D70, BEIRIER Eif
XL TMEO2FBEICRE Liza ) =T 226 R L L, 2NN OKR T4 2 fHO Bie
Dt & LTV, &2k E L T4 iR REea8 LT 5 2 & TR ORISR /5 1781 ) F O 7
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ERAWTART o X VERRET L Z EICRE Lic, T — 2130127 v ¥ M EE Y &
L. ZHEFHICHWIERT o v LV CHFEV ) FEHRZ 3T, BAIT — 2 B2 0 72 nEsy
ZHRPE LB RICL D T — 2 247 L. Bof$RYIZ 3000 DFENT —F 2 JCIlRT v %
NV RsE LT,

2) FRIERR & & Do EEME

BAFE LA T v v bk VT, 3000 14 FVWZIRE 300K (231 550 T8 )it H &
TV, 7% 2 Ui EFHE LTc, AERICBVWCUIEEEED T ¥ LR ATHERNERA SR
DM, BT OENLOGEITRER T INT Vo AR AL DRBENNEL D20, %
BORTEHANDZENEETHD, R 1IZGELNET7 4+ /) U OBOKERT, BURTEAY
VDENEITLROEN & LTI > T D72, MD FHREOT TAE VD& E2E 2 5
ZEITAR VDT, BEIREELE L CAE Y NE Ao ToEMEIRIEL | AEVINT U X LIRE
MERFED "R OBE I OWTHEAZITWV, ET — 4 & LT, Fe-CrisNiizMoz: D54 (F
Betk) F KO Fe-Niso (3REEME) DYia (Appl. Phys. A 74 [Suppl.], S1013-S1015 (2002)) &
DL EAT > 72, FEBRCTITIRBENE & L U CHRENE DG ITHER O JE I A AMK < | I A R <
72 DAEAB A DTN DN, Z O % RO HEE TEO TRWVWKEE THE LTV Z
ENbnD, AT UL AOYME AR RT 7o —FICESNWT I ZETHRE LGN
VBERHRRTHD LR D, B2 BIEECTH 2 REIC X 2WPEZ(LOFHEIZIEM 2 1R
L7238 Y | k5% BRI LIESRICOMEZ BT 2R 7 v vy L EBIR L TS 2 R
VETHDLIN, O 3~4 FHEEZCIHEREL- WA D, S 6K, EEXN, A1k
EEBBTORT v VETHETEIIMBRIFOREICRERA T b 25252
LINTED, FMHRLEETART v v VA RS UL 0O Fettk 2 B AT RE & 72 U IZPERE SR
Wb Ay Ve bz b il s,

B pe:aeg

- 0.008

- 0.007

- 0.006
roos
- 0.004

L o | | "
1 '
2 I F: 0.003
1 b - 0.002
S| [ - 0.001
." "u
\i—— . o . '
T I r x r L

K1 M7 MD 22 ECELNTEAT U LAD T 4 ) VA3, EINERNE. A5 samer:,
TR EFEOBITI TN EFNDOFEERT — X IZBIF 5 X 5 (100) TOHER & A8 O B % =3,
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TR, T=0 %éﬁ%n>o\\ TEYL T S
BTN T mTmEmE
) B . AR m

LER . WiEER // i

o ~ N\
TH I R LA
] EE DR
20225 T 20235 T 2024 FFE BB 5 R 1t 0D ST (BEERBEEHLEEHE, S E5E
RFvIL AR 2RELLTHETE)

(A2 139 K)

K2 A7 L AMOBWREE AT vy LR — Fv v 7

() BMRURF(ER, TLRARE. RXF):
1) Y. Yamamoto, S. Hayakawa, T. Okita, M. Itakura, “Meso-timescale atomistic

simulations on coalescence process of He bubbles in Fe by SEAKMC method” ,
Computational Materials Science 229, p.112389 (2023).

2) H. Mori, T. Tsuru, M. Okumura, D. Matsunaka, Y. Shiihara, M. Itakura, “Dynamic
interaction between dislocations and obstacles in bee iron based on atomic potentials
derived using neural networks” , Physical Review Materials 7, p.063605 (2023).

3) H. Miyazaki, T. Akatsuka, K. Kimura, D. Egusa, Y.K. Sato, M. Itakura, Y. Takagi,

“Investigation of the Electronic Structure of the Mg99. 2Zn0. 2Y0. 6 Alloy Using X-
ray Photoelectron Spectroscopy” , Materials Transactions 64, pp.1194-1198 (2023).
4) Y.K. Sato, D. Egusa, H. Miyazaki, K. Kimura, M. Itakura, M. Terauchi, E. Abe,
“STEM-EELS/EDS Chemical Analysis of Solute Clusters in a Dilute Mille-Feuille-
Type Mg—Zn—Y Alloy” Materials Transactions 64, pp.950-954 (2023).

5) Y. Urakawa, D. Egusa, M. Itakura, E. Abe, “Anomalous Local Lattice Softening
around Kink Boundaries in a Mille-Feuille Structured Dilute Mg—Zn-Y Alloy”
Materials Transactions 64, pp.1065-1071 (2023).

| INEER S

6) WEFRLE, IREK, (77774 MEFRIREF27 7 A X ORI 28, KRR+ 1%
£ 2024 FERD KRS, 2024
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589 REFANEHETOYHAEHZEMOEEL
Development of Numerical Techniques for Materials in the Research Field
of Atomic Energies
KIE AR, BTH EZ. 1IHE
VR 2 b—y g UHTB R E
(1) FIAHEM:

AHFETIE, VAT LHEREE X — 2 o b— 3 VHINEZREEO FHIEHE e, TR
T I8 CoOMmMERIRERFEINOmEE B & LI ER A ERE 2 HEET 5, AHREIC
BWTBREIT) BEER TV I 2 b—y g UHIN BEITHIM Y IALBEESCH O BT T
Jvwaig) iE, b T 53 2 b—va VEIRBEREO R RMIFHR O PR A O SR TH
Do Flo, R T H KRB Y I 2 b—a URUEMZRIH L, SRk 23 422 % T CREST (JST)
ZRCHFFEIC TR L C & I B EATHIRE VAR RRE & L IR BB 2 L-UL £ TRk ERE % &
D HEBEM BRI ICE T A KRB R 2 L —Y g v a— R LTRSS )
EAGICEIRT 2 2L b HE T 5,

(2) FIARE-BR:

LACFEANA TV v REUT AL EORSE &k

RS EEOBEI RIS TV I ab—Ya VST 2BBFEE Y I 2 L—va v Fiko
—ODOTHHIACFEENA TV Yy RELVTHINVaEEZILICRESE D] Tholz,

£7. Al'Pd-Ru 842 TORKHOBTE S I 2 b—3a I L, FERF TR
B AVIET 5 Z L 2B 0N Lz, ZOREIER L [Atomic diffusion due to hyperatomic
fluctuation for quasicrystals] & L C Physical Review Letters (Z¥# L, LV AFEEXEIT-
7= (https://www.u-tokyo.ac.jp/focus/ja/press/z0310_00052.html), = L T, ZDFEEE4%
RS ELIDDOHLNI A TOHCEENAT Y v RECTAUNIEDOREE VI 2L
— 3 a VEINBREOEEKBEE L CWHA—T v Y =278 )%V 7 v =7 PIMD
DB EITHT-, L LESRNL, BERIZBWTE, B8R ~OILETETEFOTE L
TR DEBA M E RN T Z N TET, BRI FELEZRDLNEND DL Z LR bhroTo, £
7o, BHFFELSEDY PIMD ~#rikne a2 2T 5B 2 — FE T 20N L & v D RIED
FAE Uiz, BUE, BAEMS JOMRSFEEL ED 57200, BHiOo 7 m 77 2 7 B0 MR,
ZEMAL, a— FZ2HEFTH D,

£, BEEESBOFLOHNEZ Y I 2L —2 a VI EE LN N ETRND 0,
ChatGPT IZfRE SN DL Al DT —F7 7 F v T % Transformer ZF|H L7z B 78+
YT hNniEERR L. im X [Self-learning Monte Carlo with equivariant Transformer] 73
Journal of Physical Society of Japan (Z5Z B Z#17= (10 H),
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2. BEEBRE Y R o b— 3 U REIC X D88 E O R

AR5 FEOHEL [Fhx DR LIZRIESZ Ve 722 % e LK-BAG EITIERFIZER
ROV I 2 b—a URFRRICR D FIETH Y | BISEM B O R Z 58T 2 R L — 7
EOHEENRFRETH D, FEEE. ZNE T, RAYNCT VT REO T )V—T L LRI E1T -
TWo, ZOFEEZEHIMENRTSHRBTHZ & T, BIBENAOIIE S V— 7 L a2 1T -
T, ) ThHhote, £ LT, MR EIRFBE RS (OIST) D& FWHEF ¥ =y Ol
Sz & FEERATIEE & & b, REBEEIZBIT DM/ T A AR OWTRFZEZ 1TV,
77U > & [Imaging Josephson Vortices on Curved Junctions, arXiv:2307.11970] ¥ X
W' IVisualizing magnetic field-induced rotational electronic symmetry breaking in a spinel
oxide superconductor, arXiv:2306.06711] Z$&fam L. BlEm LI EZH TH 5,

3. EFLRREY 2 = L— a3 U REOEMREL

RBUE 722 GPU A CHHE T 5 & &, X ToOHA %4 GPU T/TH O TiER<, —
oA %A CPU TiHET5 Z & T, CPU - GPU Mo@EEN/HI T, mibnlif o
b, £Z T, RS EEITHAEAL DX 912 CPU & GPU THHSEL00EYTH D%
HEMIET D, £/2, V32— arOEEHREOLEDITITHAWE T2 XA HIKD EHR
EREIETH D720, IWRMEZ A LS DFREFEZONTIHRIZOW T O T 5 TETh
Do o, EBRICHF L a— FEEEORFIEICHEA L, 28 L FIEOREZ iR
LHELbio, WEERET S,

(3) RBURF(ER, TURRR. WXE):
RS

1) Yuki Nagai and Akio Tomiya, “ Self-learning Monte Carlo with equivariant
Transformer” , arXiv:2306.11527” Journal of Physical Society of Japan (5 ¥f).

2) Yuita Fujisawa, Anjana Krishnadas, Barnaby R.M. Smith, Markel Pardo-Almanza,
Hoshu Hiyane, Yuki Nagai, Tadashi Machida, Yoshinori Okada, “Imaging Josephson
Vortices on Curved Junctions” , submitted to Nature Comunications (%#& ).

3) Yuita Fujisawa, Anjana Krishnadas, Chia-Hsiu Hsu, Barnaby R. M. Smith, Markel
Pardo-Almanza, Yukiko Obata, Dyon van Dinter, Guoqing Chang, Yuki Nagai, Tadashi
Machida, Yoshinori Okada , “Visualizing magnetic field-induced rotational electronic
symmetry breaking in a spinel oxide superconductor” , submitted to Science
Advances($Fi ).

4) Yuki Nagai, Yutaka Iwasaki, Koichi Kitahara, Yoshiki Takagiwa, Kaoru Kimura,
Motoyuki Shiga, “Atomic diffusion due to hyperatomic fluctuation for quasicrystals” ,
Physical Review Letters 132, p.196301 (2024).
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[EIpR ik DA% R
5) Akio Tomiya and Yuki Nagai, “Equivariant transformer is all you need”, 40th

6)

7)

International Symposium on Lattice Field Theory (Lattice 2023).

Yuki Nagai, Masahiko Okumura, Keita Kobayashi, Motoyuki Shiga, “Self-learning
hybrid Monte Carlo method; A First-principles approach”, 34th IUPAP Conference on
Computational Physics (CCP2023).

Yuki Nagai, “Atomic diffusion due to hyperatomic fluctuation for quasicrystals and
their approximants”, International Conference on Complex Orders in Condensed
Matter; Aperiodic Order, Local Order, Electronic Order, Hidden Order.

[l PR 2 R A A7 AL

8)

9)

EN

10)

Yuki Nagai, “Self-learning Monte Carlo method for electrons, atoms, and quarks and
gluons”, East Asia Joint Seminars On Statistical Physics 2023.

Yuki Nagai, “The Self-learning Monte Carlo method; Accelerating simulations with
machine learning”, 7th Model Calculation Seminars.

AT

AL, TEHCFEANA 7V v RECT AV aiE BRTERT vy LV EE o BE
& W EHR ] Quloud-PIMD & X J—.
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58.10 BEHMHOMMBERELIAL—avD=ODREFHWIaL—aY
Atomistic Simulation of Microstructural Development of Irradiated Materials
gk F
VR 2 L— g B E
(1) FIAB®:

T F14 BB ORI RO RFME | FrRICBRIRIREE & MR 3R IE D Z VI B 5 EE R
BETHDHIN, ZNOOG®HN /NNy 7 770 RTH DM Fimidsd LU ERFE R A HIT
XHHDLIEFRSTVRY, 2D, FEOEWRT L~V OFER 2 VTR %
LHEZRAME L TV BERS S, £1-. 77 RAv M CIIBEXRBIc L > T2 F
A EREERD N FULOWRENEZ D, 29 LI BEET /ML LTHIT 5 2 & 2EEF
B 2 MR B ORRGHC & > TEERER L RDLN, DA =X LOEFITIT
R & Ik KBRS e R O DR A r— /L COMAAERDN & Y | EERIZ L DT DT
X EREOWUNRIREH] « ZEI A r— AV TOBIRZR A E v, 29 LI EER 2 & EILE
T A - REHER EDOIRTET U I MRE LD,

VAT LEHERE Y 2 — LR ERE LTSRS R MBS o Y s TR
T IIREEM B O Z VAT & MBI ORREHTE T 5720 @BMEHI T 281 Ko s
TLROFHFEFIELZRHBE L T D,

AR T, BATORBAWFLR AU (FEdE - ADS « Bt Ghr) T S 4 2 s gk o
FEARBIR ) FH B LU L » THE SN DO EIS LI EL 52 2818 % | R w7
REORWHERK Y I 21— a v &2(79 22 EHMETH, ZHICKD | Bix e FEBRTHE
HIVHFERICR L CHERIN e X E2 525 & L bic, AY -~ 7R —1LOHET VO
T — 2 OWMGRHRFIND,

(2) FIANE-ER:
1) 0 5 RERRE O =R F AR
RN IEMERERDIRF AT o 2 ¥ VBB KV BR Shiz7z) | BROREED A ) =
ALZB BT LTV, SEEITRHIAIRIRE COMT 217 9,

2) BN 5 FEDOMFIERR & Z O EENE

ZHVE IR T O X ZLER O R A RNT U C X 7203, EERICH BB ER S5 B iRmEiE=E
U ETH D, £ L CHlERER e & TR S 2mEIT0T L b FEE RN T2 1o
DY T E D HifliZeHn Tlxie < | BEEAEZ o CWAEERABRI S D, Z OB
&R & F T\ D, Fox ITEHE CEARIAEE 7 & L NRAVE 2 FRBLS 2 72 D I
BN L > TR SN DB TFRIART oo ¥ MK DMEY S 2 b —3 3 U 2 HIRIEE TfT
W RIR TIEEMAEN AR E 256 THIRE EFIC K> THEEREND Z & ZFE LTz, 2
DFERNTIER DA TERILIES ) MG & ERROBIR L SR CEWRTEETH D | AAMEI S
5 TMEH ICEDORERZRE LT,
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Q) HRVARMER, TLRARR, ®mXF):

1D (HRE) sk, MEREE—, SR, AR, “WREERT vy v E A
7= BCC#i~XHORBMER 7> I 2 L—a v | #EH 72, 2 (2024).

2) T. Suzudo, K. Ebihara, T. Tsuru, H. Mori, “Emergence of crack tip plasticity in semi-
brittle a-Fe” , Journal of Applied Physics, p.075102 (2024).
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5.8.11 #HRERBITICHT DT TILAILIDTLILEERNTZNA 18— INFA—
2B
Hyperparameter Optimization Using Ensemble Kalman Filter for Urban
Wind Simulation
NEFSE O ESE PR R/E. BRI HER. R R
e B R R BT BH g8 ==
(1) FAEM:

TIENY A NS BBLTHNE, R IR A R & LI E D TV Z A
PEBCTHNCTE T & 27200 Tl < L BB N O A TE 133 2 B sl o R IR E
DIHT 2 E A~ — o T 4 Gt - BIHFOF - RS B IR T 2 i Th 2,
JEILT ¥ Z N A OEBUTIR, WA S Lo R KGR0 DRI AR X o~ v
F AT = VELRIT SRR R Tp %, WEEERE (B0 4 8) 13, B LERY GRIKR) JEZ
DOFEAM LB TTE T V& AW BT ICI VA TE e, LLRRns, EXRT —F 2 Hn
7o B LR AL O BB FRHT T, iRy & R22 CRln 235270 2 MR B R Stk DB L 0
FENTRS EE DR TN R B4, T E CTH S TeIE T L DA /R—/3T A —Z Fiif{b FIEIT K
LT, OHZERTHICEN D E T TV D, 1 5 L, JBARLT P2y A DFEFITEBNT, &
M4 FEEICRIBE L 72 o e MR KRB RMEA~DOTNER B L B XA Y AT — VKRR T —Z b
JRPTIRAEAT ~D T — & [A LT k3 X OVELIR O B TFE A BT 5,

FRTHE X OFEM 72 BBLAENT O EBUZIX, 2K km FPHOA T 21K 54 m g O R 2 HE % 72
KB~ VT 27— )VIRGUENT 8 61 L 72 5, CityLBM 13 AMR iED# I L 2 FHEA& T
REDHK) 1110 ~D I L O GPU M i iz X 5 CPU e 10 520 oo tkaem k4 2#hl L
TWAHD, BHEE 2 -5/ NORGESRME (6km MU 4m fRIBFE) 2BV TH, 17 —AT 8
GPU (V100) BEDOFHEEFEN/LEL RS, YLD X I, AFETm Y =7 ME, HPE-
SGI8600 D R ft HE IR AZFM T D Z LITL Y| MO THERATE D,

(2) FARE-BR:
1) 4% 5 FEEOHENR. EZkHE
AR5 AR IX, TR IS 2T o T~ T IV H T AN TN 28—
T A=K EELTC BT V2T v ab—a CORERTRE AT o7, #ERAE
L LTiE, UTORELZREL TV,
O BHP AT AV I ab—a VER (OSSE) 28587 A —X OFRFEEMITER GERK)
@ BT — & % T2 HEB D DA 78— 3T A — Z f5i bR (— 92 k)

2) N5 EEDOHFERR L £ DOEEM

O BRI AT ALY I=2b—v g EBR (0OSSE) L 2/37 A —F ORREMRITER
HRUAROERIZ k95 OSSE & LT,  iFRmiEAL D /A 7 AE%Z+10K & 3% € L7z Nature run

(2 LCL HIREEFEORM (5 S 2m, 11 &P © 10 FRBEBEN A2 BIIE L L7
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YU TNER A S LTz, FHEEMEL LT, EEOBTEXAEE T 272012, &Y, HE,
B KO RIS 2 I I A (B S 8m) Zi%E L7z, JEAPLE L ONRAL O BE &+
E LT, RN —EDOSMFIC T, BHEXANOREYE SISO 7 AN &3 < f O
ANE (7 & 500m CEGE 12m/s, 7 > b4 7 H & 500m) & FHRAIRO S E S KO RGO 256m
PN E LTz, EnKF O/87 A —% & LT, MRRIENMN OREEBRXOEERFA (o«
=0.5). IR OBLAEEE (0y=1) EFEL. 1 DEICT —ZEIKICE DREXZ ML (iR
RN L,

OSSE (2L 27 v ¥ 7T AFHREIZL VRO LB by (MFEEITFRAD) 3 L Ok
REX7 ML (MIRMEIRALANA 7 A) OHEMEEZR 1+ 21277, FOERNT T
R I OEFORBNET Y T E, JREOFEE)D Nature run Ofl (EAfE) L7205, KA
@ Nature run TILFFEBIAD S FEERAN O RGNS, BEZF 60 4 FLME THIZF T
BEDIRALINEH & 72> 72, OSSE TliE, THITBHEL T, 7o ¥ 7% (@)Nens=4 L
(b)Nens=8 D EH HDFMFITIH N T H, BUAIEIZ X LT 0~0.1[KIDOFEHFHANOMEA R Siviz, Hi
RIARAL A T 2B N TH RIS, FHARBMEZOBIEORM 2 LR 252 LT, £
NEHBEORmWHERRIRM Z L5 S8, REMICHREIRANA 7 223 10~15[KIFEE 2 HE
Lz, LEORER LY, EnKF M35 2 & T, BT — 2 0 BEARMEO A /—13F R
— & T HHBHEIRNLAA T AMEEZHEEFRETH D Z &R I LT,

303.40 =
303.35 1 20
=
= = 15
E- 303.30 3_
= °
g 303254 | 33_ 10
e
5
303.20 — yealT (mean) — Tground_bias (mean)
ycal:T (ens=0-3) : Tground_bias (ens=0-3)
303.15 4 observation o nature run
0 so 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
time [minutes] time [minutes]
(@) Nens = 4
303.40 4
303.35 4
¥ 303.30 4
-
[
> 303.25 1
303.20 1 —— yeal:T (mean) " — Tground_bias (mean)
ycal:T (ens=0-7) o Tground_bias (ens=0-7)
303.15 4 observation |.' nature run
° S0 100 150 200 250 300 350 400 0 S0 100 150 200 250 300 350 400
time [minutes] time [minutes)
(b) Nens = 8 (b) Nens = 8
~ N AN N - . N AT S =R .
1 HRmE O (BLHl~2 FL 2 MRMENRALSA 7 A CIREER T v
Y\ y0> 0) H%‘:ZIJ@O X) @ E#ZU@O
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@ BRAT— 2 ZAVTEREEF LR DA =T A —Z Edi b R

Ry 7T =7 A4 Z— OB DS WIZ KRR RN 2 U SRt O EfRGEEE 7 v (CReSS) (i
THER L. 22 BE RS &3 2 IBURNT 2 32 U 72, X 3 (ZFH R KOV L RIS &
T % Lidar OWMRITFHE 2779, EMERTIEH 525, CityLBM 1 381H tﬂ%@ﬂﬁz‘oi
OHEEDHREEZHH L TVD I ENMRETE D, — 5T, HIRmITAE & 22 TRlm A # /R
DHRMIZRBE N TR, BUIKECIR T AR OO, T ORMEORRICER 22 L, A58
HZENNE LT TV D,

Q) FHERT (B, #E, fEE) (i) CityLBM (iii) Observed

B 3 B KJED O BT O TR EAER (B 44 12 H 7 HOKS %), (1) FHHEE
o R (6,144m x 6,144m x 1,536m) . H L KIZFE L Thd 5 Lidar ORI ) H L
? (i) CityLBM OFFHEREF, (i) Lidar (2 X 281 R,

(3) MBURF(ER, TURER. RXE):
[Py 227

1) NEFFESE, AN RZE, ERJIRER, fJitkth—, FREIEE, FlEfE—, SR, "o
ISR VY < AR K D AR THHEEANORR T —Y =T 4 v 2 b— g " 8§
37 BIEEIAA )y AR YT A, 4R, 2024 12/15-17.

2) /NEFRESE, FFANEZE, ERJIER, Ftth—, fAEEE, Tl —, FEuE, 7 o0
VT NIIN T 4 )V H T T BT RN D 72D DT A — X b, % 28 [AlEt
HT ke, < X, 2024 5/31-6/2.
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58.12 HHWFEERAVEHERMEILRONETRFEOMAE

Development of an Immediate Prediction of Urban Pollutant Dispersion
Using a Machine Learning Approach
NS OESE, FIE M. BRI BER. PR R
e B BB BT BR J6 =
(1) MABR:

AR XN 31T D10 M. BURTE
15948 OILHCT T 22 BV OB )
SEALEY, OB TN XSG
ORI ELR S5, BT XN 36
T %R d KOG e B IR G R A AT
9 CityLBM =t — K [Onodera et al.,
Boundary-Layer Meteorology, 2021]C g ]
iX. GPU #BafIET 5 - Lo R _ _
BEC O T MUY O D 7L 5 A L 1 CityLBM I & 288 ihi5 Yy B e 5
FHEAZRREE LTS (K1),

IO E OERICE Y HDANFIFICHTHHAE T I 2 b—r a URER AR E
IZE > THRIT 2 REET L OREENRFREIZR D 22 d 5, Bl 21X, “IRITEFIIZ DOV T,
BHir=2—FFy U —27 (CNN) ZFH4 252 & T, fFaoff = HpRa% (SDF) T#*
SNT=HNE ORI & E i S & S E C TR CE 5, REETMICL D2 TRIIEV I =
L—ya VCHAFHE 2 A RR KBNS WD KBS R 2 L—y a3 VoRBEIZIEE N =
— AN 5,

AR T B F LTI E W AR R B & BT eD TRRE B e BN S 31T D RER T — & L HF]
FT&E 220, ABFETIL, FERFIENTIZ TH /172 Transformer & E{GALERICTH /172 CNN %
MAGDOEZET NV E MWD Z LT, DEOBIRORERINT — 2 036 {GYE IRl &
15 G B T 2 SR D G BE LT O BT B B T VOB 2R A 5,

et H O RBEE 7V OREFUTIE, FIER DL < DRIFITKT 27 — 2 OFFR - FE B30
L%, ARFETIEL, HPE-SGIS600 ®» GPU # M5 Z & T, IO THEITE D,

(2) FIARE-BR:

1) oFn b FEEE DA H AR

A5 AR, THRARCE 2 T ER G Y R 0 AR T IEOBHSE ) SEL T,
A RIND DT —H ARk % Al EE & 35 Diffusion model (23T, fHHEERAZ KEICKLEL TS
T oYU TNERENIEEE LIWT —Z AL A BRI LTz, EAEAE L LTIE, LN HEE 2
E LTz,
O Diffusion model % AW 7 0 7L FRIE T L OPERED E ERIFHN & TR b (G
Fi¥)

- 108 -



JAEA-Review 2024-044

@ T YT NT = Z R~ Ow R (G R 0 72 9 R FE i)
@ BT — 2 \ES TRBSE T 7V OIGREE I SEPRR A~ O 18 7o (R (34024
FIRIER O 7= D A F fife)

2) BN 5 FEDOWFITAR & D EENE
@ Diffusion model & 727 >4 o 7L FRIE T /L OPERE D E BRIFHAM & T IS EL A -
HHEHXNOBRRT XY A OFEBRITIE, v 2 b—ra v ERNT — 2 F b EiAE
DRI B VA TH D, BT — & U OFFE & LTk, BMLAFTERT O =4F 5 D
IN—TXBRFT o ITNER IV~ 7 ¢ vH (LETKF) (2ES5 72— X RT7 L
ARGV —F—DOT —ZALEFEDORIE B OMENFZ T bid, — T, ko7 —Z LT
. T TN ERBOY I 2 b —va v EERTHLENDH D . K REEROM
RIRMEE & 72> TNz, & 2T, AFZETIL, /A Anb 0T —X A% AlEE & 9% Diffusion
model %> 2L — a7 —X T 52 & T, LETKF CTREERLEHOT %7
NT =B ENT HFIEZRRRE L, MEEstHEE LT, 7 — X @b B COREES L F~v—7
fRE Lorenz96 % FEhti L7255 R, kD7 Vo T AEHFEIZE S LETKF CREE. H LL
TRWERBGOND Z & 2R L (K2),

Reference LETKF Ours 15

10

L]
2  Lorenz96 €7 /L D7 — X [F{L. 56k : Reference (Naturerun)., LETKF (1T
). Ours (FERTiE), EHE:: BHEAER. TE:: Naturerun & D7 (EONEREW)
() BRURF(ER, TLRARE., AXF):
ERR=E
(1) Y. AsahiY. Hasegawa, N. Onodera, T. Shimokawabe, H. Shiba, Y. Idomura,
"Generating observation guided ensembles for data assimilation with denoising

diffusion probabilistic model", SynS&ML Workshop @ICML 2023,Hawaii,US, 2023
7/28.
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58.13 WEAEMS LR FR JUPITER DR EEMETILOEEL

Advanced Interface Capturing Model in the JUPITER-AMR
ZR R TR fER. HPEA R T & DN R
A i, /NEPSE ESE, Sitompul Yos
e E BT R B AT DR ==
(1) FIAB®:

JR A L5 B CTIEF DR R IR E AR I 35 W) TR AR R AT N BB B a2 K- L
TV D, &Y & SRS i O BEAERICER S 28R REEX LR A o~V TF A — L BIG
FEMT O FEBUZMT T, A—R—arta—4% (ANay) ZEM LBERIR T (CFD) f#
#Hr=2— K JUPITER OB L OZFDOFEHEEDR by 7 L 725+ ) Poisson fEED &
M bz L C &7z, CPU A XarZ Wz Imm BTG DN KRR O AR
Hro B2 GPU A a v EHncmdblic K0 0.6mm B E DT 2 28 L=, LinL
RN D, ERROMITIZEB N TS ERER[ORNA FREZFBNCHE TE eholz, ZHOR
WEAT LM EE RS DBRICKIAR AT 5 L ERTIINET H L ORI —ATh-
TH. WEROFm L TITBEMICEAR LT LE D Z & L7e, g ol &4
IR U R X R B % RT3 720 B LIeKIaR LR G T 20 EnE 2y be—
DWMENRDH D LB Z, K[ EOEEREZIH TR~ VT « 72— X7 4 —/L F (MPF) D
AT D TN D, AW CIEA L OfEHTREEE M) L7212, d R AT I b
L7- Phase Field (5% B3 %5, £7o. O 4 FFEFREIC CTHYE L7z MPF {EIZHB W T E &
2D LI RBHOKIAERMY x5 K HIC.GPU HEICKEIL SN =B AT VAL TIEEZEAL,
FERERRGEERRE & U CRIAIMENT 2 9206 L C Colin & O SEBRRKEF[2] & D LIRGEEZ 1T 9 o

(&% i)
[1] Ren et al., Meas. Sci. Technol. (2018), 29, 104004
[2] Colin et al., J. Fluid Mech. (2012), 711, pp. 469-515.

(2) FIARE-BR:

1) &Fn 5 FEREDOER B IZ

A0 5 AEFEIT MPF SO AIC X 530 RAVRRIRNT DR A KRNSO LI mis T
()50 EH-EHRICIS 1T 5 Phase Field 2O & b, (b)) FAERMITIZ IS T DA LS
RGO R b, () MPF L4 U 72 a7z & & Fhii L7z,
2) 45 FEEDOHERRE L ZOEEM

ZARFEARIENT 2 — K JUPITER-AMR [A)1F O @ik BE 7 SO R i 18 ik 2 B3 45 2 & T,
JE 7157 B O EGRBYEATCEE RIS 3 B OB AV AT L% ZHOKIaE G L MEIc s T
2 LR IENT O SRS EEAL S IR X B, 2 0 K 9 R ABFARIRAT 1308 A\ 12 R 386 T A]
HRTHLI NG, RFNI58O CFD VY7 =7 OFELIT TR, ERFEORTLE L
TLFRWICE 2 2BIIRE WV, UFICRERRN R ENE 2R,
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()50 EHFHF 81T 5 Phase Field 2% Al

73k D Phase Field 15 Tld, IR HEIEOIE ESREIZRIT 237 X — 4 y & 2dH R ek )
LT HRICRESN T\, £, vy ORESIINESTED EREESAEA > TLEY, K&
TE D L REEZ-EC 5 BREMROBESME TS0 @ FRIHTTT | B
B A1 B SRR 1T v =0.7 [umax | © & 5 ek bhcx | AHEEHL | F '
77

ABFE T UL AR O IEEU IR I O RS & I L5 0
25ICEKNT D EEZ, vy ®=M|u®) [+B|S]| § DX 5 (EE /AR
ux) EBHET Vv S ATHBIT D K ICZEHAMERET D
FEEER L, AFED 2 WOTRmBIREHE TIE NI A —2 K
WL L7k TIEL D b 31-3T%r A K L, H—%ig LAFHHE
TIHFASLL EOFRFER 702 Z E RSNz Y 2 b 1,4],
ARFPEEWH Uiz 5X5 /30 RAVRRMNTRER (K1) 1%, 25 28 1]
HRILEHESZ 77 40 v 27 A7 U — RFBIIE (Visual
Computing E)Z# B LB Y A b 2], KFiLIL#E S O Phase N | .
Field (57217 T2 < . T DOFREFR ThH H MPFIEIC b H rIRETH 1 5X5 /3 RIUVAENT
el

(b)/N o RARRIENTIC 351 B I A B 4o o i (b

XY RVRSRIRHNT CIEFH IR FICMASR R E LTHY 74 AEZHELTE Y, 5 44
BEE TOFRTITA Y 7 4 ARG HEE IR, LS
D VOF B8 L Ot # [EE L T\ e, ZOHETIEAY 7 4 &
MBIMATARIEYTA X ar ha— T2 ERELL, A
A CTERL Y b REARANERSNTLE I MEND -T2,
B 5 FEIXF OB A MRS 272D 208)D L H 1Tk &%
KEF LAY 7 4 APORAIZHAIEDLFELBEL, AR
WA ZADar ba—LRAREL o7z, £, HRERNOR
MR OB BIE 2 5H L1z & Z AR ERBEOZEXNIE LL

ALTWD Z LN R TE o, AFIEIIMHAERR (@D Fv

RRIAT TR L TR Y AR A A0 b — L3 BRIk UGl R TH 5,

2 WRARABI A

(c) Multi-Phase Field MPF)ik % i H U 7= K@i AT

PEN D AL & O T2 SR A TRARAT CI, £ 3 A& TR & CHET L 7o KU R L1 38l
FIZERLTLE D EWVIFER S D720, 2 RIVESRIENT TIXEIAOEHN 2 AR L -
TRIEED RGN ST REERIZ e > T L E O EN H - 7o, S0 4 FEERE T ERERE
B OfRP 7= |2 MPF {£% JUPITER =1 — R AL, KFCIEATE 2 HOKIA K FEE S &
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BHAWRETHL Z 2B Lz, L, 1HEIC T EAIZEID 2 C 2085 O S 7 — & Ok&HH
TETIIEE~BTEBEAL L) BREBOKIWEHET L Z LIINETH 5720, MPF O
SR RIS R T — F DB E RN RANAGNT D LN D 5, w0 5 FEEITZHOXILT —
RN D720, OAPT 5 (IX3) 28 AL, LRFET 6 [EREED A £ U R
JEICEEZEBAD X O REBMOMHEHMNT 2 ERARETH D, K 413 228 HOKIEDOT —
HREMDERF T D, 1A 1 RSN ZEI Y 2T 5 HIETIE 223 BAIA LB/ > TLE S 23,

FRFEEMONT6HO T = — X7 ¢ —/L FEHI L AH ID BLS THMATHRE TH 5. OAPT ik
TIEHAHORERHALZ X AP A)D7 vy 7O X5, RENbEENEHEEFETERTS
R H Y | SRRSO FE TR O THIEZRE L TV D2, RS L VW
DOARMIZE TIEFF AT BRI R 2 A L TR\ O DT v o — L3 5 FEEBER LT,

ARFEE MRS FREEHBEICEF L. Colin(2012) b D FERIZI T D R A RESACFL
WS L L2 & A, MRZY /R GoNn s Z L e LR Y 2 k3],

Phase field variables i Layer#OZ.
Premo ' ._‘-a'f"-_'“
Prnermt _ %
Drremz ?‘ ‘
¢mem3 ?’ Q ,
List of phase IDs I e Q

PID o 11 olofo]o ST ‘,_‘b-c’
PlDmemt| |2 ]2 3[3 wm _
PID, ez 4alala 55 o4 ‘,.'
PIDpmems| NN NN ! : sam & wang @

012 3 456 7 89 TRy I TFITATURT

3 MPF % # & U {LF74 (OAPT) 4 IR R E T — AN OB T (2 FERE4))

(3) MBUARL(ER, TLRER. WXH):

D B R, /NPT ESE HEEA RE T B "KUE ERFITICEIT S Phase Field 4
BofaEf", % 28 R TEmEe (5/31-6/2, S <IEM) ., Arel LENSERSC (1
i) .

2) EhgEKR, NEpTEEsE, AR RZ, ILTE, [Phase Field 6% H 7z 5x5 /N RLK
ROKIIRIRNT . AAGFHR TS 5 28 BRIA LY¥HHE 7 7 7 0 v 7 27T U — FRl
E (Visual Computing &) (6/1).

3) MEREK, /NFIFESE A EZ. U, "Multi-phase field 1% F O 7= KA TR
%37 FIEEIRIA N F Y AR Y T A (12115-17, 4 R) . Eae il LENSERSC (IR
#) .

4) K. Sugihara, N. Onodera, Y. Idomura, and S. Yamashita, "Optimized phase-field

modeling using a modified conservative Allen-Cahn equation for two-phase flows",
JAEA-Research 2023-006. £ FifE LATZE#E# (LHARH) .

5) MR, NEFRESE, HEREE, v b7 G A, U EE, "Phase Field %
To KUR ZARFERRAT . B AR 7)5%4 2024 FHEDOFS (3/26-28, H AR (HIRF) .
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58.14 ELFET7UHUITILT—ERIED GPU Ei

GPU Implementation of Ensemble Data Assimilation of Turbulence
BRI HER, R R, TR fi, R Rt PR RZE, NS B
e B BB BT BR JE =
(1) FIAB®:
AT LEERE Y X — B ERE Nature run

| P _‘:’;"r_ ™ T |

FEHEATBE R == CTlx, GPU A Xz ) P

Observation
T"_ o L |

& .f..-I;_,":Ii
»e N |
Y, R ] ey
DRI (CFD) (2T 201 =85 &
- “,:l"- e 1
PREHEEL TV 5, AL, YO Ve
ML Y e Sl

FB T I L ORI LS B T D
JEIL « KERIEEL DT ¥ Z )V A D Forecast ensemble
LEHME LT, TNETITHE AL

Analysis ensemble

e %

T . By APy p bl @ ,1

vk (LBM) B X ONES bR 7 SN 2y iy ,““L.f,*“;- J’ M)

. . s o e e AT AT IR
FE (AMR) ICHES < BRI 2 Y08 e Eww«v-:rt

.L.'N‘-‘ \."t \:‘f."l"\-‘-‘ v

dal S » L | \ o

— | [CityLBM) "1, LBM % L OURi  em ol Chelela
T TNVERII N T 4V H

(LETKF) (ZEES<ELR 7T o7
T2t EBERIEH = — K

'LBM2D-LETKF| (Ix 1) "2 Z % L
T& 7z, A#rzeafk@ <lx, LBM2D-
LETKF CTE oA %E S &2, LETKF @ CityLBM 22— F~OB 2 ED 5,

*1 Onodera, et al., “Real-Time Tracer Dispersion Simulations in Oklahoma City Using
the Locally Mesh-Refined Lattice Boltzmann Method”, Boundary-Layer Meteorology 179,
187-208, 2021.

1 EBR7 v IAF—F EikoAR, Nature
run: EOELFE. Observation:/ £ X & & HrBIHE.

Forecast:7 —# [R{L %47 o BIDF AR R, Analysis'T
— & RMkIZ & o TH b Iz Bl

*2 Hasegawa, et al., “GPU optimization of lattice Boltzmann method with local ensemble
transform Kalman filter”, Proceedings of 13th Workshop on Latest Advances in Scalable

Algorithms for Large-Scale Heterogeneous Systems (ScalAH22) (Internet), 10-17, 2022.

(2) FIARE-BR:
O 2 WL S ELIRRH R OFEAS FEERRGE [FR 1]

B4 FEP Dk L T, 2 ReEF LR ARG & Lz T — 2 RMLORGEE 1T > 72, fasUb
BT 0 FHEE TR SLRET VEO~ A TR REE 2 AR LI-HR R ZITV, B
BN X35 LETKF OF —# [FLEEZWEROT — X Wb FIETH LT v Vv 7k L ik
L7z (M2), DXz, 7y o ZETHEERBIIICBS W TRES S E I T LEWWY
AR BRSNS SN 5 — T, LETKF TIXHWEBIC B WO T H IO R EES 22 2 7
—NEILEZOLNTWDEZ Enbnd,

AR, TRy < kB X LETKF 2 W2 Eliiio 7 %> 7T — 2 b FEED
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RGO EHTH Y . Aaelt X i 3CEE Fluid Dynamics Research (IF=1.5)(Z48# S 7=,

Observation

Nudging

LETKF
(ensemble
mean)

b=

X2 2WRTEFEAFROBRBLBRNC X BT —# FLIZBiT 2 BE S, p 1IZBR OE 5] X g,
B B0E 256 X256 TH Y | 7= & 21E p=64 TOBAIAEIL 4 X 4, © authors, redistribution
under CC-BY 4.0 license.

@ 3 WILFELEDRIER Y MVIREIZ L DR OFEHEE [ 4]

LETKF % 3 &7t « fi/r bk 2 — K Th 5 CityLBM IZBAE L, 22— FKOm#{b {772,
LETKF #ZUD T2 T7 o TN AN~ 7 0V ETIE, T o7 aEE 5T 5
T2 OARREN Y h L MPLIEENSE L 72 %, Naive 72ELETITRAE~Z /1T LBM O 7
VT4 TEBTHLHRENMBETH Y BWEBUIKE T RHT0 278 & HIRIIRE Wiz,
WENFHHEOR MRy 7 Lo T,

7000 - I LETKF (comm)
[ LETKF (calc)

6000 1 Em 1 BM

5000

Total elapsed time [sec]
w A
(=1 (=}
ISERS
s 3

2000 -

1000 -

O,

x=(f,) x=(p,u,v,w)
3 3KRIEARETDLD OHRNICKITZREBRY b K BHERB OkE, (E)IREBRY b
v LBM OBEESMEAEQT BHR) L TH0EREE, B)REI Mr2EHRKEW BER)E
ERAE SR
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AUTxE LT, AR TR, AEOEHNETH 2 8E - HELZIRER7 FVITHRAT S Z

& T EEEEKFREHTZD 4 EICHIR L2, 22 &Y LETKF O@fERr#E 2 7 FIH1E,
LBM %z & Eeat R AR THEITRM 2 4 BRI L= (X 3),

Q) HRURMER, TLRARR, ®XF):

1) Y. Hasegawa, N. Onodera, Y. Asahi, T. Ina, T. Imamura, and Y. Idomura, "Continuous
data assimilation of large eddy simulation by lattice Boltzmann method and local
ensemble transform Kalman filter (LBM-LETKF)," Fluid Dynamics Research, vol. 55,
p. 065501, 2023. doi:10.1088/1873-7005/ad06bd

[.IK%‘:E u?)a]
2) Y. Hasegawa, "Exascale CFD plan in JAEA: Towards digital twin of urban wind

environment", Panel: High Performance Computing, 20th International Topical
Meeting on Nuclear Reactor Thermal Hydraulics (NURETH-20, 2023/8/20-25,
Washington DC, US).

[(EN=i#E (Eaiz )]

3)

4)

5)

ERIHER, /NEFFESE, feth—. w\ "R~ A E RETT YT
WEH T N~ T 4% (LBM-LETKF) (2 X% R c&FELROT —Z [FAL". & 28 [A]
B TS (2022/5/31-6/2, < IT) .

EWER, HAMERZE, DN FESE, Jllth—. "Ry~ sk R T v 7r
BTV~ 2T 4 IV ZTET DAIRBEEH AT FILDEEIZHOWT", # 37 BEIEETA T
HLURI T A (2022/12/15 17, 4 =) .

ERIRER, HEMRZE, DNESFESE” GPU Mg EWR Y v 77— Efk=a— K

LBM-LETKF DOBA%”. JFF 154 2024 FEHEDES (2023/3/26-28. KIK) .
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6. FHYIZ

REHAEEIL, T ISR 2205 ICbiz 2 KR Y AT 225 A LI\ - F5e
RaEELDlbOTHD, O OIEMREIL. FIEEORELESINCED Z L3 TiEd
D3, SR IR O KIFH R S AT AR OBIGICB W THRERAI R Th D Z & &2l
TRLTWD, RHIEEN, TR 1T 2 KGR S 27 A2 FIH LIZFERR O s 6
IR, W EBA T ERIEEIC L D E R DB ORBICENLOZ L 2T 5,

ARWELREZELODITHY . @R REBINF AR ICRE T —F v 7N — T H B L
oo RU—F 2 T TN —TFTIIAT b EEICBIT D KUHERKS 2T 2OF R ZFHE L, Fl
M/ — RO L o 2RI AF ICH S EER A K L 7Z, FIHE D DR SN REE L RmE -
BIE L, AREENTER LT, SIS b b bR EE2 ER L CHEWZHAE OB 0N
REWAELEVERIC SN 2 TEW - BIRE SN Z 0% %50 TE#H L L5,

Sfe649 A

WEY—X 7 N—F
U—&— gk Elf
2By T DR R, E BE
F=ER Bl —R W HE
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