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Antisymmetric interlayer exchange coupling in Pt/Co/Ir/Co/Pt with in-plane
inversion symmetry breaking
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J. leda’?, Y-C. Laul?, S. Fukami*®8°, and K. Takanashi#7.?
IMR, Tohoku Univ.}, Graduate school of Engineering, Tohoku Univ.2, NIMS3,
CSRN, Tohoku Univ.4, FRIS, Tohoku Univ.®, RIEC, Tohoku Univ.6, ASRC, JAEA’,
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Keywords : Interlayer exchange coupling, Metallic superlattice, Inversion symmetry breaking

The interlayer exchange coupling (IEC), which had been widely studied from 1980 to 1990
[1], 1s known as the symmetric interaction between magnetizations in two ferromagnetic
layers separated by a nonmagnetic interlayer. Recently, the antisymmetric type of IEC has
been discovered in the metallic superlattice without the in-plane spatial inversion symmetry,
which is observed as asymmetry in the perpendicular magnetization reversal process under
the additional in-plane magnetic field (Hi,) [2-5]. However, the mechanism of the
antisymmetric IEC is still under debate, and the systematic experiments exploiting the well-
controlled structural asymmetry are indispensable. In this study, we systematically study
on the symmetric and antisymmetric IECs in Pt/Co/Ir/Co/Pt where the in-plane spatial
inversion symmetry is intentionally broken by forming the wedge-shaped layers.

The 9 mm square-size double-wedged Ta (1)/Pt (2)/Co (tco)/Ir (#ir)/Co (0.5)/Pt
(2)/Ta (1) (in nanometer) film was deposited on a SiO. substrate using dc magnetron
sputtering equipped with a linear shutter system. The #c, and #: were continuously varied
from 0.6 to 1.6 nm and from 0 to 1.5 nm, respectively, and the wedged-Ir layer was formed
in the direction orthogonal to the wedged bottom Co layer. The double-wedged thin film
was patterned into the Hall bar-shaped devices, and the anomalous Hall effect (AHE) was
measured for the investigation of magnetic properties. The periodic change of the
saturation field (poHs) against #; indicates the symmetric IEC of the Co/Ir/Co system. The
AHE under additional poHi, = 50 mT showed the asymmetric hysteresis loops in which the
switching fields (Hsw) are largely shifted from the AHE curve without Hip. The shift of Hsw
(LoAHsw) was estimated to be 14.8 mT for the device with 7c, ~ 0.80 nm and #; ~ 0.27 nm,
which is one order of magnitude larger than the values reported previously (0.7~1.7 mT
[3,5]). This large poAHsw corroborates the large antisymmetric IEC. The #: dependence of
moAHsw showed local minimum at #ir ~ 0.87 nm. This behavior is analogous to the #;
dependence of poHs and suggests the correlation between the symmetric and antisymmetric
IECs. We also demonstrated the perpendicular magnetization switching induced by only
the application of Hj, in the system with the large antisymmetric IEC.

[1] M. D. Stiles, J. Magn. Magn. Mater. 200, 322-337 (1999). [2] E. Y. Vedmedenko et al., Phys. Rev. Lett.
122, 257202 (2019). [3] D.-S. Han et al., Nat. Mater. 18, 703 (2019). [4] A. Fernandez-Pacheco ef al., Nat.
Mater. 18, 679 (2019). [5] K. Wang et al., Commun. Phys. 4, 10 (2021).
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Thermoreflectance measurement of thermo-spin effects in Pt/NiO/CoFeB junction
system
T. Yamazaki V2, T. Seki 12, T. Kubota 12, and K. Takanashi 123
CSRN, Tohoku Univ.}, Magnetic Materials Research Lab., IMR, Tohoku Univ.?,
CSIS, Tohoku Univ.3
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[1]J. Flipse et al., Phys. Rev. Lett. 113, 027601 (2014). [2] S. Daimon ef al., Nat. Commun. 7,
13754 (2016). [3] J. Flipse et al., Nat. Nanotechnol. 7, 166 (2012). [4] M. Beens et al., J. Phys.
D: Appl. Phys. 51, 394002 (2018). [5] R. Iguchi et al., Phys. Rev. B 98, 014402 (2018). [6] T
Seki et al., Appl. Phys. Lett. 112, 152403 (2018). [7] T. Yamazaki et al., J. Phys. D: Appl. Phys.
54, 354001 (2021).
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Topological aspects of spin and anomalous Hall effects in Dirac fermion
antiferromagnet CuMnAs
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Institute for Materials Research, Tohoku University, Sendai, Miyagi, Japan?

Center for Spintronics Research Network, Osaka University, Toyonaka, Osaka, Japan?
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Spin Hall effect (SHE) and anomalous Hall effect py
(AHE) have a relation to the topological electronic band 7
through Berry phase theory [1, 2]. In antiferromagnetic (AFM) 7 /\
systems, these phenomena have essential advantages in f
comparison with ferromagnetic systems since there is no stray T
fields interfering with the neighboring cells as well as faster \ /
spin dynamics than ferromagnets [3,4]. In this work, we ' \/
investigate in detail the topology features of electronic =~
structures of CuMnAs by first-principles density-functional-

theory calculations [5].

We show the nodal line gapped with spin-orbit
coupling in CuMnAs dominantly generates large spin
Hall conductivity in the ground state and applied
magnetic fields produce a significant anomalous
component of the Hall conductivity with the magnetic
symmetry breaking though the magnetic symmetry in
the ground state of CuMnAs forbids the anomalous Hall
effect.

We identify that the dominant contribution to
anomalous Hall components comes from further lifting
of band degeneracy under external magnetic fields for
the Bloch states generated with splitting of nodal lines
by spin-orbit coupling near Fermi energy [5]. This study
might motivate and guide further various research for a

U

X

Figure 1. Spin Berry curvature
around gapped nodal line.
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Figure 2. Electronic band structure and
the corresponding Berry curvature under
the different magnetic fields

relation between topology and macroscopic phenomena as well as for AFM spintronics

applications.

[1] Nagaosa,J. Sinova, S. Onoda, A. H. MacDonald, and N. P. Ong, Rev. Mod. Phys. 82,

1539 (2010).

[2] D. Xiao, M. C. Chang, and Q. Niu, Rev. Mod. Phys. 82, 1959 (2010).

[3] S. Nakatsuji, N. Kiyoharal, and T. Higo, Nature 527, 212 (2015).
[4] V.Baltz, A. Manchon, M. Tsoi, T. Moriyama, T. Ono, and Y. Tserkovnyak, Rev. Mod.

Phys. 90, 015005 (2018).

[5] V.T.N.Huyen, Y. Yanagi, and M.-T. Suzuki, Phys. Rev. B 104, 035110 (2021).
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Nanoporous Mo-M Alloys Fabricated by Liquid Metal Dealloying for
Efficient Hydrogen Evolution Electrocatalysts

R. Song¥?(D3), J. Han3, M. Okugawa®, T. Wada?, H. Kato?

Institute for Materials Research, Tohoku University, Sendai
2Graduate School of Engineering, Tohoku University, Sendai
3Frontier Research Institute for Interdisciplinary Sciences, Tohoku University,
Sendai
“Division of Materials and Manufacturing Science, Graduate School of
Engineering, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

As a clean energy carrier, Ha has the highest energy density of 142 MJ-kg!
and can be produced by the hydrogen evolution reaction (HER) in water splitting.
However, the widespread application of electrocatalytic hydrogen production
has been obstinately hindered by the high operation overpotentials and poor
durability of electrocatalysts in the water-alkali system. Hence, it is urgent to
develop efficient electrocatalysts with high intrinsic catalytic activity, amply
available surface area, efficient electron-transfer and mass-transport pathways,
and robustness. In the efforts to explore competitive alternatives of the scarce
and high-cost noble-metal catalysts, earth-abundant electrocatalysts based on
Mo, W, Co, Fe, Ni, etc., have been developed for the HER. While most of the
electrocatalysts are immobilized on a conductive substrate with insulating
polymer binders, self-supported electrodes would be a superior design as it can
eliminate the undesirable interfaces of composite electrodes that usually affect
the conductivity and energy efficiency. Dealloying, the selective dissolution of
less stable elemental components from an alloy, has been demonstrated to be one
of the most effective top-down approaches to fabricate 3D nanoporous materials
for energy applications. Among the several dealloying techniques, liquid metal
dealloying (LMD) is particularly suitable for fabricating nanoporous materials
of high-melting-point metals, such as Mo-based metals/alloys, due to the
elevated dealloying temperature and enhanced surface diffusivity. LMD is a
process that element “A” of precursor alloy “A-B” dissolves in the metallic melt
liquid “C” for negative mixing enthalpy (AHmixinga-c), and the other element “B”
of the precursor alloy “A-B” will be left with porous structure for positive mixing
enthalpy (AHmixings-c). Herein, we report the development of Mo-M (M = Co, Fe,
Cr) alloys with nanoporous structures by LMD as electrocatalysts for the HER.
In this research, self-supported nanoporous Mo-M (M = Co, Fe and Cr) alloys
with pore sizes < 50 nm have been fabricated by LMD. Stemming from the high
intrinsic catalytic activity (due to the alloying effect) and the bicontinuous
nanoporous structure for efficient electron-transfer and mass-transport, the
nanoporous Mo-M alloys delivered a low overpotential of ~10 mV at 10 mA-cm’
2 and a small Tafel slope of ~36 mV-dec! for the HER. Furthermore, the
intermetallic phase of the Mo-M alloys gave rise to a long-term stability of the
electrocatalysts in the water-alkali system.
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SRR RR R4 2 BRI CTH H[1,2]. Z D~ 7 ) R — REHEF ~D R 258
1%, BRRBIR L T CRESUEAL AR & SRR IERR AR O LI 2 £ © — RS CTh
52 L NEED NMR JIENDHE SN TWDED, Z O —RARBZEE O FEH 72 &R
IR TH H[3]. & Z CTARUFZE TIX, MBEE T A B LIB(ESR) Z VW CHEEA RS 25 8)
ZEEAMICIRA L, BRI BIE L T\ 5D,

Figure 1 1% 228 GHz OEERLE 2 VW THIE L7z TICuCls @ ESR A7 ML ThH 5D,
—WRAREERS & SO U C, BB TRE AT (T ~ 4.7 K) C BRI RR AR D B — 7 (8.02—
8.04 T) L MERLFAHD B — 7 (~ 8.08 TV HAFT D A7 MNBIHI STz, 728, 7.94
T ML DOEBFITREHIAE LA LD b DO Th D, S LICERIE OB %
Bz DI ET, xR ISR ICRB W CRERICHIEB LB Z2HE L7 &L 2 A, BT
G R (H, ~ 6 T) TIEIAFIE S fE Ik 23 JE 23 S —
% Z &, — 5 Cmis tE Tl i A 5.0 K

FRC WM~ & 7 a A4 — " — L 49 K
TN ZERDMhoT-. ZOFERIL, Z0% :
ICERE AR BT D N ARSI ° 48K

2]

)
BT B TS FRT 5 bOThHS. 5 o/ 4TKe
RETIE, B I|TIMZ T, TICuCl; @ 'g o & 4.6 K
@ﬁ&#%@%%%@m%%%bk%g*;“‘/“J\\;//qaj*
R0, MHERHE 28 D e 7 W AF IS >\ T .9 X :
bEET 5. @ 14K

5 \/\/\/;K‘
[1] A. Oosawa et al., J. Phys. Condens. Matter = o '
1 (1999) 26.5. 298 GHz
g28]6;1;: Nikuni ef al., Phys. Rev. Lett. 84 (2000) :le ;_gigr o W K/ [010]

[3] 0. VyaseleV et al., PhyS Rev. Lett. 92 (2004) 7 8 7l9 8 8.1 8 2 8 3
207202. ' ' oo ) '
[4] S. Kimura et al., Nat. Commun. 7 (2016) Magnetic field (T)

12822. Fig. 1 TICuCl; ® ESR A-~X7 kL
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$t4 Z REBCO SimiB{cE O 1 LD ER T
FTERME Y, Arnaud Badel™2, [EJHEHZEM ! RIRE 1,
BHER 3, TENES HREREW3 XEHMH:
BISHBEEMBMEE A2 —1, Neel AEF 2 H¥AXSHHIPH 53

Electromagnetic property of
co-winding REBCO high temperature superconducting coil
T. Abe?, A. Badel*?, T. Okada?l, S. Awaji,
S. Fujita3, K. Tsuchiya3, Y. lijima3, M. Daibo3
High Field Laboratory for Superconducting Materials !, Neel Institute?, Fujikura Ltd.3

Keywords : REBCO, Superconducting magnet, Critical current

1.IXC®IZ

REBa,Cus0, (REBCO, RE: A tHFETHE/Y) MM IXEmSS I 1T B S E e
/ﬁMT&ﬂ)ibb%v&ﬁ&/MDé6@5%&@%&Kﬁﬁtﬁﬁ%wﬁ&6m1u\o
L7L. REBCO #M XTI e RIfa DB EZ T3 <, aA LV EfKT 5 ET/H
REIZ 7 5T B, FOXPE & LT, REBCOM A 2 Btk X 12 L 214 Wb 2
é%éhxw\éuj AHFZE T, 2 Kbk & a4 L OFMEE FEH9~< . REBCO ##
M O—HBIZ N BN HLER 28 A L= & REBCO A LV 2/ERIL, Z0lE - &
T 2 G T
2. 28R - FEAT Rk

AAFGE T L 7= REBCO =21 /L1, REBCO ##f % 101 Z— > 2 fedts & L= X0 7
%%34W2@(77wﬂy7“%34w)#%ﬁ6(ﬁgli) N&R 7251
THEi A LD 55 X—2 B, MUK IALE L TR, m%l%@E%%ﬁ@m
FEErTHD, 2 HOBMEMHGETICIEZTH 2 LT, —HOBMIZKIED
B UT-RRZERN S 9 — T OBMITERIL TaA LOREE Z S hEN IR S5
(Fig. 1 F) o ZOX TN —Fa D [-VEEZ 77 KULTORE, HOm
B FCHIE Uiz, [-VERENS nfiTT V7 4 w7 4 > 72 X 0 REBCO =2 A LD i 5
B A RO, FOWRBEEE T,
3. EBHER - BE

Fig. 2 IZH OB FIZB T 5 a2 A VR EROIREZL L Z RS, 77 K TIIHEH
BaFEnbEa s VEOEIbEZETe FEiaA VO ER L, L OLhix
Lo/ 11P=0.96 T oo, WMEOIK T > T OH-AME T Dm0 L S 7223,
oA VEEFCETROMNE N FTRETS - T2 B RIRE D 45 K T 10"/ 1,°=0. 93 L % #E+F
LTBY, REHIFICL > TRIRMEOEBEZ BB TE-LEEZ2 D, ZHHDIE
é%wﬁz4wW®m%ﬁﬁ THEIR U 72 B SR B o AT N BEICEE L TR 0 . GE
@%@%ﬁﬁ&%E%ﬁﬁ%ﬁﬁébﬁkﬁﬁ@%ﬁﬁ%%&éhéo%@f@
FREFHLIMET D LT, A VHNICBIT S % — O NER DA % T
LPovten/ 1P be DR EE AV D SRR Z e L 7=

e 800
B B 2T eI @ Without defect

—— — REBCOJE
— 6000 . W With defect

— . = 400
HEEZHFT VAU r—Fa/()L  RIEEEA
200

0

24 ERDOREBCOBMEMA D R 1=K o0 g T
Fig. 1 REBCO = A /L DA Fig.2 RKaOFEIZ & 51@ﬁﬁgm®@w

ZE W @ [1] S. Awaji et al., IEEE Trans. Appl. Supercond., 29 (2019) 4300305.
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RERMZEZ 754 FRIRTDY URFTOHIFIZNER

\LIFEE—BA, SROkAR, BAEE, HERE
& BB H BT AR
Suppression effect of C addition on P segregation to ferrite grain boundary
K. Yamasaki, Y.-J. Zhang, G. Miyamoto, T. Furuhara

Microstructure Design of Structural Metallic Materials

Keywords : grain boundary segregation, elemental interaction, atom probe tomography

[#Z] P OMERMMTETHD Y v (P) ORFURITITR AR Z k52 LT
WOBMZ KT S, w7 YA MEOBEIRFER LIEHEORIKTH D & ST 5,
WEOA—T 2 EFHIE (AES) W7 =274 MIE AT L2 ET VAL TD
frgecit, PEORFE (C) OWIMILY P ORFURHT T2 Z ERH SN E 72
STNDEN, EDAT=ALZONWTIEIAATH 5, AL T, EE&ME X <BFYR
PFrEsllETE 5 =7 ha7r—>7 (3DAP) EEXHWT, CIRIMNZ XD P Wit
OMHRNEZZRANCHE L, TORAI =R LEFHALNITHZEE2AMET D,

[3£857271%] Fe-0.01 mass % P A4 2R IRALEEZ 1TV, 0.005 mass%E TOH C ZUsIL
7= Fe-P-C = i@ & E Uz, WHEIRTZ oIl & iRt & 357291,
BTOEBIZONT Ar FHEAFR 7 = 7 4 FHFEIED 600 °CT 24 hr OEULE 21T\
Ktn LTz, RLAURAT &0 E &aFliiX 3DAP Z H W\ 1T o7z,

[SEBRAEIR] Fig. 1 ICHEENBELNZ P & C ORI IURIT &4 B RIS R
(interfacial excess) & L CE &7, CHWMENHNT 5 & C ORATESHIN L TV
D2 LMY [ ZHUES TP ORITEITHED L, CEINT K 5 PRLSYRAT O ]
AR DIERR S e, FERAFE R D> 5 McLean @

Rk B IR AT R L — & GBoconcegtratiaT)of C{;(C (at. %)
T, P& COREMEMAEEREZEETIC g 4 i sassnassnesns N
WG ORLFUREDRRZ TRILIZE 25 Bﬁ#_ 40.004 mass%C > %
R OBMO X512y, EREERTo ¢ §E | MO00Smass%C4 5 o
FINC L2 P AT R TSNS 8 52 E%
HAR LD LI BV, Lol ekl 8% 2852
EfEfie 5B LS L& M0T, £HEE 5 18
ENST7 4T 47 TRDE P-C BFEH T ol T 00

0 2 4 6 8 10
Interfacial excess of C, I (atom/nm?)

Fig. 1 Fe-0.01P-C 54ICH175H P & C

DI EAER 2583 5 & X D IFEfR
DX HEBRERAZFBH TS, LEXY,

C WIMZ X5 P IRHTHIHI O &1L, Rz DR FARHT RO BIR, B ITT
\ e R SERTAT (20 % 208 L 7o b &
11 5 ML OREAH B RN T S E A AR B A L
B L BHIL L ol L% 3 B C s
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F/EENATY FOE—SEHEDO/ER & 70 RAL AR O L
BISHE 3 KR B ® MESE
IETHYE TR LR

Synthesis of nanocrystalline high entropy alloy thin film and its grain growth
behavior during heat treatment
S. Nozaki, D. Wei, T. Wada, H. Kato
Non-Equilibrium Materials Research Laboratory

Keywords : High entropy alloy, Nanocrystalline material, Grain growth

[#5] "M = b bE—A4MHEA)IL 5 FBEU LocHEL SR ET ho v —
M 1LSREL DB ETH S, HEA D3 T HFEDO—oIT, JEBAEL . k0B e
IZEND Z ERFET NS, ZEFH LT Nguyen 5%, Aly(CoCrFeMnNi)oHEA
ZEER TV LY T/ fEibd 2% 2 & T, 1073 K TR 2000% O AT
ZiER Uiz, WARMIZE T, 7/ fdh HEA RN ET 288 RAZFIH LT, A7
Uy MNLZERRD, A7V ML, =/ RO — 2 BB RRICHRE
T HMLEIC, PR EORIEICHW LN TS, NZ— U EZREEBICIEET 5
T DITIIRESRRL N R F — A XX S/ NS W ERH D, Lol ko
B EMENMEWEAIZIEA 7Y v MINTREF OB K - THESRCHL L2 T T
LEWA T Y MINLIIREETH S, —7F7 T HEA Tl Lk U7k O @ W EVE E
PRI XD T RERREESNMEZ ., A T v MINIAMEE L COIS
ENb, TOEROEDIZIE, SIETOMBEO L EEMARTMALETH Y . A4
R CIE T/ AL Alo(CoCrFeMnNi)o) 4% AN 2 U U FIETHERLL | SR H ORI
72 EEIR TCOMBERFMET 2 Z &2 B E L,

[ =82 71E] B ERIERIZ L D Aly(CoCrFeMnNi)o; &4 DA v 2w b 2t T
LARyZ YT HE—=rFy M Lz, e, £ARv X ) IR EEZ
MBHDC ANy Z Y TIZEDER LT, BoN7-aaiiEA 800 °C C4& e AVLE
L7z, BVLEE OFEHZ DWW T, SEM Z W=/l Z2, XRD 2 AW HFE &
Scherrer D& W= GG A ZAOFHMMA21T - 72,

[#5 5] I Edp L fec(111)

& 800 °C TOEULEE% 300 A :
s. 600s, 1200s Ti1r-7-1%
DORED XRD/XZ — 2 TH
%o RRIERGREID N F—
I, B fee(111)EL M
ThHIENREIN,
300s. 600s, 1200s ZALLER
U723k ClE, fecFHIZIN X
B2 FH, o HHOFIEN GRS
N, ¥HIE fec(111)D B Os
— 7N %Eﬁ'%vﬁ‘/{ X%% 30 4I0 5IO 6IO 7‘0 8I0 Qb 100
L7 R 0alEl oo TEM 26 (degree)

bR T, BEERT BI1 PRI RURE & 800°C T I AT

[1] Nguyen, N.T., et al., #BHD XRD /8% — > (Cu-Ka)
Nat Commun, 11, 2736 (2020).
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FOF ) OATERT IRILAVNKDKBEERICEZSEE
ABEH, WFDH, EFEEE, /MUwmE, UxE=
IR R4 #4 A BT ZT AR Y

Effect of oxidants formed by radiolysis on aqueous corrosion of steel
T. Ota, S. Ajito, T. Hojo, M. Koyama, E. Akiyama
Environmentally Robust Materials

Keywords : steel, corrosion, radiolysis

[#55]

BIES IR TIEEHD 1 7D 3 SHEOBMELPITITRENT 7 U N S L., 7
NS EIKIZ K KRB H D, S DITHIIALSENZ NEMEICHERT 5720
ERFEHKITICHD, TNHDORETICBWT, BRET 7ot bd o~
FRO AR U 7o B R R IZ & o THERRT 2 BB {LKBCE R LWL, B
BEDBREEZATET HRERH 2 V., REINZRBEFIERICI VT, AR O
EVEZHERFT 270023, TORBERRE T CORREHZLET DI LVEETH
Do

Z T TAMGE TR, IR LK TR & RIERIC KL E 3 DO BUR B R IZ L0 ARk LERE
Fl& LTI A o LHBEA F 2 ZOKEIRITHIN L, H o~ #Roo BT BR B 2 Ffie L
7o TOX DT, FRERBREE A L 72K COSRO B R 4 1A LT,
[328r071E]

ABEHT I I8 (99.5Wt%), FABRIRIKIL. pHS.S IZFH%E L7= 0.1 M fiEfig, el RV o
DRREA R 2 e, F720 o~ IR BRE 2B 572010, WiZid Aty v
= 3 L —#(Soec V 350, HIREtE~ /L a—EamE) A2 HWT, & 50U 20 B4
VROERBAD E GTRERENT Y S LTRIMLEZ, YL —F2DOH
1% 0,50, 80%I|\ZFHHES 5 2 LT, AV U ROEREYOIRNELZ LS, A
TV T ERE, SEoBFREREBREIT -

7o JERFER Lo IR 2 JE L7, T . rl\l(;bu;)bllir;g
2R A HEIC L4 M (L SUE (SSE), ) . " Quput a0t
BMIIXASMRE iz, et E

TiE, Bz EREMICE L TE10

mV, EBEEE 1 mV/is & L, kbt
I, HEBIEE Kk 2 20mV & LT Stern-Geary
DORZ AW TR 2 HE LT 2,

[k ]

Fig. 1 {27 Y > 7 U= KR Ok
D A B B U 5 0D S . 87
ZAbE Ry, AV Y=L —FOM) Fig. 1 Transient of the corrosion current density
I 213 L, SOBRBEITHI L calculated from the polarization resistance as a
7=, T bbb, V2 KOS A 4 function of output of the ozone generator.
N, RO RIS ERET D Z LB oh
27,

2% 3CHk

1) K. Daub, X. Zhang, J.J. Noél, J.C. Wren, Electrochimica Acta, 55 (2010) 2767-2776
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2) M. Stern, A. L. Geary, J. Electrochem. Soc., 104 (1957), 56-63
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Radiation tolerance of alumina scales formed in FeCrAl ODS ferritic steels

H. Yu, S. Kondo, Y. Okuno, R. Kasada

Nuclear Materials Engineering, IMR

Keywords: radiation tolerance, alumina scale, ODS

Alumina-forming FeCrAl oxide dispersion-strengthened (ODS) ferritic steels are
one of key structural materials for fission and fusion reactors due to the formed
alumina scale is capable to protect the materials from nuclear environment attack.
Current work is aimed at investigating radiation tolerance of the alumina scales
formed on Fe-15Cr-7A1-0.5Y,03-0.4Zr (wt. %) ODS ferritic alloy by using Fe**
ion simulation bombardment to 2 dpa at 500 °C. Nanoindentation testing
demonstrated that the hardness of the alumina scale decreased after the Fe*" ion
irradiation. Alumina grain growth and softening in accordance with the
Hall-Petch  relationship are responsible for the hardness decrease.
Irradiation-induced dissolution of the Y-Zr oxide particles in alumina grains as
well as the irradiation-induced segregation of reactive elements along the
alumina grain boundaries were observed. Preferential intergranular fracture of
alumina scales formed in Fe ODS alloys was supposed to be used to interpret the
fracture process in nanoindentation, which was accelerated by ion irradiation
through the reduction of grain boundary cohesion. A detailed interpretation will
be given in the presentation.
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T4 Y a5 TFIFEZERLV = Ce BN Lu B YAIO: B R DB R & R
D wiBEKREMN

JEEERE, Jan Pejchall, Romana Kucerkoval, Martin Nikl!, #HE A&, S)IIE
St R TR, FraRE7 TSI —YEEHER?

Crystal growth of Ce-doped Lu substituted YAIO; single crystals by micro-pulling-
down method and dependence of luminescence characteristics on Lu concentration
T. Horiai, J. Pejchal!, R. Kucerkova!, M. Nikl%, Y. Yokota, A. Yoshikawa
Research laboratory on advanced crystal engineering, Institute of Physics, CAS?

Keywords : single crystal, scintillator, thermal quenching

[#=] Zthié LT 2MLUEZ REAIO; (RE =Y, Lu)Sn sy v F L—F 4
BHI., X ol v~ nolmEmm g LX—7 5 b 285 - At DK x L
F—T 4 PUACEMRMT LN TE, KB FHEEEOHRIGREMAEDLED Z
ECHE MBS E LT H I TS D, CeYAIOs (Ce:YAP) <° Ce:LuAlOs

(Ce:LuAP) 1R FCHERME BN BELHERFTEL I ERMEEINTED,
ERSHY Y FL—2 L LTHERMEITH S, £ 2 TR TIL, CeYAPD Y H
A b~ Lu BEHAITV, fEEECYE PR L OMREE A D =X A~ Lu (&
g DA TN L 7=,

[EBR 5] (CeoonaYoossxLux)AlOs (x=0.000, 0.010, 0.100, 0.200)HfE it~ 1 7 1
SIFTFEEZHWTERZITo72 2, JFREHG AR L LT CeOs, Y203, 0-AlOs (FiE 99.99%
DL E)E KOV LuOs(REEE 99.9% L4 b)Y & L, fbFEimfilak T Lz, iy
AL 3 mm O Ir A L, FEfES & L CT010) 50 Ce:YAP Hifksh & HW T,
FHEFPE T T 0.03 mm/min DX TH & FIFCEREIT- 72,

[EREEBL]  LuiRE 0-20 mol%DFEiFHIZI o 507,

THEA AR OBERICHI Lz, ERLZHRE T s | B
FORER ISV THR X MEHEIC K> TaE § it
L7 R, i Rds L OB 2 2

B d KON Pbnm L [RIE T 72, Lu BEHLUC K556

FEIE OB LZA LT 572012, YAP Hifk

fhE LK O Lu 20mol%E#: YAP (Lu20%-YAP) ODFf b= VoA N
Al 7R B IE 2 M L7, Rt LTIRINL 00

72 Ce ' DI K E R BE G A DR AIA TV | B L1 CernnYosmsaLugAlOs
BeRA A M Z R L7 & 2 A, YAP BETY  wigem ooppid « 56 227 koL
Lu20%-YAP (28T 2 A HEEIXZnE

2404 A L2398 A TH Y, Lu 20 mol%EHIZ K > THEHFEAIEREX DT 2 m < 72
o7, F72. Ce:YAP B LN Ce:Lu20%-YAP D7 #+ bV I X v BV AR AT kL
T oL, EHEL0RED Cett 5d1-2Fsn B LN 5d1- P BRIC K AL — 27 2
Z N 360 nm 8 KLV 375 nm EFICHERR TE 723, LuEHUC LD AT VAL
XHEoNenro7- (K1), Ziud, YWEBIOLY OA 42 B0 Y8 BLAr)=1.019
A, Lu*' (8 B)=0.977 A LRIFRETH V| Lu EHIC L DGO S ITRENIZ L
W ERMoTzlzbEEZ NS Y, FEINORERM 23 L7255, Ce:YAP Tl
550 K LA ECIREEEAE Z W 4507225, Ce:Lu20%-YAP Tid# 600 K LA_E TR
HREZ VGO TED . Lu@Eic X o TREFEEAIH END Z ERbhrolz,

[ZE3CHR] 1) J.A. Mares, et al., Detect. Assoc. Equip. 498 (2003) 312. 2) A. Yoshikawa, et
al., Opt. Mater. 30 (2007) 6. 3) R.D. Shannon, Acta Cryst. A32 (1976) 751.

0.8+
FEHARI M by = 2970m)

— Lu =0 mol%
— Lu=1mol%
—— Lu =10 mol%
—— Lu =20 mol%

0.6

0.4

Intensity [normalized]
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Ry RE TINEBED FE RO ->EHMRIZE TS Fe | Zn FRE R IZEED

AEEN, BAER, ARE
& R R E BT 2T AR Y

Fe / Zn interfacial reaction on galvanized steel

during hotstamping heating
K. Kawai, G. Miyamoto, T. Furuhara

Microstructure Design of Structural Metallic Materials Institute for Materials Research
Keywords: hotstamping, galvanized steel

[#5] "Moo T HEE LT, MRE4A—AT A MkE
THA LD BLHHEA L= A A CTRIE & 7 = > F & RIFFIAT S
Ry FAZTHS) NS D. HS 121X Zn - TR LIZ LIZH
WHAL, Zn 2 XD RIEEEM L Z5 SR 232 EnHE ST
D0, MW TAE T DHEM & Zn H > EDRISIZHONT
T SN 720, ARFZE T Zn - & 2 L 72k, B X
N Fe-0.2C B 4122\, 850°C~DINENEE D Fe/Zn Siif S 258
FHAOMNIT A EEEHE L.

[EBHE] 7 T4 P THLMEIM E~LT oA N THD Fe-
0.2mass%C 542(0.2C #HMIZIE SHK) 20 pum OFEX Zn > X & i
L7z, £D% 850 CORK[FMAKIFICHEI AL, SUBHERE 2
650°C, 700°C, 750°C, 800°CIZiE L= E#%F LN 850°CIZiE L T
B 150 s PREFIEKM LTo. RIS 7 es, EaAE
BAPEE(SEM) % AV, FLARHTIC SEM-EDS % iV 7=, £7-MFE
(21 XRD £ L VEBSD % 7z,

[FER] 1 icho&EE, 650C, 700°C, 750°C, 800°CHEA IS
LV 850°C, 150 s PRFEFHEAKA LTkt > XRD 7’07 7 A V%
RY. o EFETIEHATMBON-Zn DE—7 LA SN,
650°CHTn &8, 700°C, 750°C, 800°CHFTn, 8, T, 850°C,150s #f
Tn, §, I, BLWa-Fe |Z Zn NEPE L7za-(Fe, Zn)D & — 7 N H 5
5. X212 650°C, 750°C, 800°CHNEARL KA L 7= Mkt oo Wr ikl
A 9. T _XCTOMMBECTEMMNERD Zn D> X5, HOKED
By h T A NOESNEMTHD. HllZn OFLSIL 419CTH
D, 650°CH TlI—HIER L7 Zn NE D% OHEIRFIZEERFE L 7on-
Zn FEIEAERMNCBZR S, T OPANZHRKID B 722 2 SHEI
A Way R T7ARNTRLND. §&ERMORITITORREV 2 |k
T A P TCREES 2um FRE DT (FesZno) Sl BILZE S 5. 750°C Tl
R S 70 B 22T RE L TEB Y, TOLEMIEIntHE S
W 7 A N OSFHHOIRIEM
ML 72o T D, 800°CTIXhRE
MIZEET DRSS 3 um 2
FEDo-(Fe, Zn)SERLT 5. LI L WSS
® Fe / Zn RiE COIGITHR a
Fe-Zn —JCRIRREIX TR FIGE |
THoT-.

og-(Fe, Zn)
LAn A
*1-Zn

850°C|,
150 s

800°C

750°C

700°C

650°C

As-
galv.

48 50 52
26 / degree (Co-Ka)

1. boxEFE,
650, 700, 750, 800°C
EINQUIIE- T I STNON
850°C, 150 s fREFHE K
i L7 ikt © XRD
a7y A

[X] 2: 650, 750, 800°CHF S TR L 7= flidkAt o Wi FHk
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CHZEZR W Nd BILERARENLD Y FL—F DEHRFR
AE R, B 2N 12 1L RIE 2, BETE, S &123
FiniEmAF AT ', RILK NICHe?, XK1t CE&AS

Search for Nd-doped near-infrared-emitting scintillator using the CH method

S. Ishizawa', S. Kurosawa®?, A. Yamaji*?, C. Fujiwara?, A. Yoshikawa'-%3
Advanced Crystal engineering?, Tohoku Univ. NICHe 2, C &A3

Keywords : Scintillator, CH method, Nd doped Lu203

[

WES JH R EROBRIFIEE D DI12, BEWREHRMEOH 2> v F L —
ZENT A N—FHTHEZE T 28R EET O RE I N1, =
MR Y F L —Ficid, RELGRETET L., ZOFHNPERIINT 74 /13—
TRWLEREZFOZ EPERERE LTE TS, THLEHREETIE7 74
N—HEDPHHTELVF 2Ly a7 kR v FL—yavit o k@il /4
AH3500nm L FICHETBDTR]. /A4 RT3 ESOHZ i3 oicix,
FOHELERP. /A4 DD 6 DESDTEE L XD B RIA E N 5 Fk
F (RELERNFE: 700~1100 nm fREE) 26T 20803 H 5, IEFETIEERGETT
WKHWOENAFELRY VFL—F & LTHNER 700 nom OaF A v F 1 —
% Cs:HfIs [3)123BHFE S ., Lo Loy v{bbrRhizslfids: 246 L Twa o5 H
IR DIFFELEDHET, ZOMOBOIFEHL v, 22 T4, WIFEEIIE  Hg
WARZELREHNRTESZHLR TV HI® Lu R 8250y v FL—2IcEH
L7, 72720, 2o DLW Z OBISE OGS 6B 5 OFS BRI E#L <.
BIARRS 2 O - MEHREE S 2 OFRFEFHTi S EA T e v, AT, ERiR
Wb DFEIAA N 2 R CTERTE 2I0EMFEI N7 - e —T 4 v 7k
(CHIE) 412 HWT, A RNFEEZ T T Nd M Lu0s (Nd: LwaOs) #E AR D

B %R AT,

(T8 /775]

Nd:0; & Lu:0s DR A ZIRE L 72krAatkl &
FERr U CHERLL 72 R L w b 2 BERS L 7 BERS R, 25
KA VLT A () &BE7— 275 (GES-300A,
GES Corp., Sendai, Japan) IZE¢E L7, # L TEE |~
6 MR Z NS 7 — 27 Tl 2 B L THEBEICH AR
Bl & BERS AR ZIART 2 CH k2T, BRI
IR, XHRIEHT2EE D8 DISCOVER (Bruker) & (5
G 1 HE T I AS G AT R X AR AT 2 B ATX-E

(RlGﬁKU)’E’HEJ“T\ e S DA 7E & RGRE DT | 1) Nd LuOs B S D T T
filizfr->7z,

[FEE#ER) CH 2 MW THR L 72 Nd: LuwOs BHEO— 2 SRE L - 2 A,
LISRT X9 7% 5.0x5.0x1.7mm? D Nd: LuOs EHEZ S Z L8 TE L, F0E
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Bonding strength evaluation of tungsten coated ferritic steel using ultra-small
double notch shear compression test
X. WUY?, S. Kondo?, H. YU?, Y. Okuno?, H. Kurotaki®, M.Ando?, R.Kasada?
Graduate School of Engineering, Tohoku Univ.}, IMR?, QST?

Keywords: Ultra-small testing technology, interface bonding strength, dissimilar joint

The evaluation of the interface bonding strength is of great significate for assuring the
feasibility of material designs of dissimilar bonding structures in various devices including
fusion power plants. Particularly, the tungsten (W) coated reduced activation ferritic steel
(F82H) shows promise in the plasma-facing component of fusion reactor requiring a good
interface bonding strength to resist thermal load during service. However, due to the limited
scale of coating layer and bonding interface area, conventional micromechanical testing
methods have difficulties to evaluate the interface bonding strength, while, the newly
developed micromechanical testing techniques show promise in the accurate assessment of
such local bonding strength.

In this study, we aim to use the developed ultra-small double notch shear compression
test to directly evaluate the bonding strength of W-coated F82H which was fabricated
using the explosive welding (EXW) technique and vacuum plasma spraying (VPS)
technique. The Focused-ion beam (FIB) was utilized to fabricate micro double-notch shear
specimen and the compressive shear test was carried out by nanoindenter G200. To
comparably analyze the shear strength result of the interface area, DNS compression tests
were not only performed on the interface area but also W coating and F82H substrate. For
the EXW W-F82H, the compressive shear result showed a relatively higher strength at the
interface area than in the W coating for a specimen with a cross-sectional area of ~1 um?,
which probably identified the shear strength of the interface region. The larger-sized
interface specimens were fractured in the W region and showed a similar strength trend as
the DNS specimen at the W coating layer,
suggesting that the interface bonding shear

strength was larger than that of the W 5 " P nteface area
region. While the shear strength results of £ * e e e
EXW W coating showed a size dependence 7 «- EXW W1

as “small is stronger”. For the VPS W- g >

F82H, we found that the shear strength % *7 ’ N

results of interface area and W coating are § , ] > o 0‘ .

scattered and not that strong as that of - ~

EXW W coating and interface. All their £ || . .
strength results of W and interface area are . )
larger than the measured shear strength of S S S s s

F82H substrate. The relationship between Shear sectional atea (uar’)

the strength results and the microstructures Fig. 1. Ultimate nominal shear stress versus
or/and fracture surface appearance will be shear sectional area
discussed.

[1] X. Wu, R. Kasada et al. Materials Science and Engineering: A 826 (2021): 141995.
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High Flux Neutron Detector Based on Perovskite Solar Cell

Y. Okuno, Y. Matsui?, T. Kobayashi?
KINKEN, Panasonic!, RIKEN?

Keywords : perovskite solar cell, neutron detector, BNCT

Neutrons are employed for various applications in various research fields, such as
neutron radiography for light element compound and large structures, and in medical
applications such as radiation biology and boron neutron capture therapy (BNCT). A
neutron detector is required to control the exposure dose for boron neutron capture therapy
(BNCT). However, issues such as detector radiation tolerance, response linearity, and
gamma-ray noise make it difficult to develop a satisfactory neutron detector. Metal halide
perovskite solar cells have received attention owing to rapid improvements in their
performance. Perovskite crystals are reported to have radiation detection characteristics for
y-rays and neutrons and exhibit superior radiation resistance. Previous studies reported the
application of Si and III —V compound semiconductor solar cells to internal potential-driven
detectors wherein the radiation-induced current depended on the radiation dose rate. Therefore, we
selected a perovskite solar cell as the neutron sensor for BNCT because it is expected to be highly
efficient and stable under a harsh radiation field. In this study, we demonstrate the world's first
perovskite solar cell-based neutron detector, which can satisfy all the requirements for
BNCT application.

The device structure of our perovskite neutron detector is similar to that of a high-
performance solar cell as shown in Fig. 1(a). A BN layer, which acted as a neutron
conversion layer, was formed on the back electrode of the device. '°B captured neutron in
the BN layer emits a-ray and a lithium nuclei. We employed a backside conversion
configuration (BSCC) device to detect neutrons, namely, neutrons passing through the
perovskite device layer and the substrate are converted into charged particles by a
conversion layer, as shown in Fig. 1(b). The detection characteristics for high-flux neutrons
exhibited excellent linearity shown in Fig.1(c) and stable operation with no degradation
during neutron irradiation. Noise by y-rays had little effect on the accuracy of neutron flux
measurement. The measurement requires only a single perovskite detector in the module
and an ammeter. Thus, the perovskite module serves as a suitable monitoring sensor that
can manage the neutron flux for BNCT.
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Fig.1. Characteristics of perovskite solar cell-based neutron detector. (a) Device structure of
perovskite solar cell-based neutron detection module. (b) Schematic of encapsulated perovskite neutron
detector for neutron irradiation. (b) Induced current behaviour of modules with and without the BN
converter and characteristics of the neutron detection of perovskite detector.
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Consideration on the influence of the reflected waves generated at the bonding
boundary of the double-layered resonator using a-quartz
T. Noguchi!, Y. Ohashi?, M. Omote3, Y. Yokota?, S. Kurosawa?, K. Kamada?,
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Local atomic displacement around 4d transition-metal atoms in titanium

revealed by extended X-ray absorption near edge fine structure analysis
Y. Ikeda', D. Matsumura?, T. Tsuji 2, Y. Umemoto', Y. Hashimoto!, T. Kitazawa', M. Fujita'
Institute for Materials Research, Tohoku Univ. !, JAEA?
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Fig. 1 Atom dependence of EXAFS and its Fourier spectrum in Ti alloys.
[1] M. Morinaga, “A quantum approach to alloy design: an exploration of material design and
development based upon alloy design theory and atomization energy method”, Elsevier (2018),
and references therein.



P-BO2

HEAREE AL BIEIZCE (TS
ERETOAY T4 —OETRHHE
MEEE D BRE Y FEE— 1 ERA L SRAE VY, MEFEEX
B AKSRF L, HAL K CSRN?, ST & EA%T 3, B4t X csis?
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Charge fluctuation controlled by Gas-sorption accompanied with magnetic phase
switching in a two-dimensional layer of paddlewheel [Ru:] units and TCNQ
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Study of the F doping effect on T*-type cuprates
La1-x/2Eu1x/2SrxCuOa.yFy via quantum beam.
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Effect of Manganese and Molybdenum Amount on the Low-Temperature

Elastic Modulus of FeMn-based Elinvar Alloys
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Design and control of the electronic state by electrochemical tuning in neutral
tetraoxolene-bridged iron honeycomb layered metal-organic frameworks

N. Eguchit, W. Kosaka?, K. Taniguchi?, Y. Sekine?, H. Miyasaka®
Division of Solid-State Metal-Complex Chemistry,*
Graduate school of science and technology, Kumamoto University?
Keywords : Fe, Metal-Organic Frameworks (MOFs), Lithium ion battery

Our groups have reported the intriguing physical properties of electron-donor
(D)/acceptor(A) layered framework composed of Feion as D and tetraoxolene derivatives
(X2An" 2,5-dihydroxy-3,6-dihalogeno-1,4-benzoquinonate, n = 2, 3, 4) as A, where D and
A are contained in a 2:3 ratio (D2A3-MOFs) with counter cations Z* formulated as
Z>[Fex(X2An)s], forming two-dimensional honeycomb [D»A3]* layer!!!. Here, we report
new type of honeycomb layered D/A-MOFs developed by incorporating charge neutral
bridging ligand into a framework to adjust charge balance. Consequently, a series of two-
dimensional assemblies, [Fe2(X2An):(bpym)]-n(solvent) (1-X-solv, bpym = 22-
bipyrimidyl; X =F, CI, Br) and their desolvated phases (1-X) were successfully synthesized.
Additionally, honeycomb layers are stacked in an eclipsed manner in 1-F while slipped
manner in 1-CIl/Br. As a result, 1-F has one-dimensional channels while 1-CI/Br contain
isolated pores (Fig. a,b). The compounds were then applied as cathode materials of lithium-
ion batteries (LIBs). They showed cyclability as cathodes of LIB systems with the
electronic state change of tetraoxolene derivatives (X2An> < XpAn'* < XpAnh)
accompanied with Li-ion and electron insertion/extraction from the pore and the ligand,
respectively. Furthermore, 1-F showed a smaller difference between oxidation and
reduction potentials in the charging and discharging process compared to those of 1-Cl/Br
(Fig. ¢,d) and different cycle performance. These results reflect the pore shape of 1-F and
1-Cl/Br in their redox properties.

(a) (c) (d)
\ q;/‘ V NN Dischargle I I1_F Dischargé I ‘1-
;ﬁ." ! Q AW~ -— f 298 K
t§ l i 5mAlg
-ax =
™ ;
’@ /\ R n
Eclipsed stacking 1-D Channels e "
(b) E . =
1-CI/Br g g Moo
/ &.\. o " | Charge
: Ch —
ﬂ.gg arge
:ﬁ\ﬁ ‘1 ';‘ ‘:ﬁ‘ J . . |
urrent: 30 min Current: 30 min | |
Slipped stacking Isolated pores
Interval: 30 min Interval: 30 min
15 20 25 3.0 15 2.0 25 3.0
Fig. 1 The honeycomb lattice stacking Fig. 2 The derivative of the charge/discharge curve for
and shape of pores in (a) 1-F and (b) (c)1-F and (d)1-Cl. The peak indicates the redox potential.
1-Cl and Br.

[1] Chem. Sci. 2020, 11,3610-3618.
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[1]Y. Tokura and N. Nagaosa, Nat. Commun. 1038, 9 (2018).

[2] C. W. Rischau et al., Nat. Phys. 13, 643-648 (2017).

[3] R. Russel et al., Phys. Rev. Materials. 3, 0914101 (2019)
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ESR studies on spin-singlet transition in organic salt
(BEDT-TTF)Cu[N(CN):]>

M. K. Nuryadin, S. Iguchi, N. Yoneyama?, Y. Oshima?, T. Tsumuraya3,
T. Moriwaki?, Y. Ikemoto*, and T. Sasaki
Inst. for Materials Res., Tohoku Univ., ! Univ. of Yamanashi., 2RIKEN, 3Kumamoto
University, “SPring-8, Japan Synchrotron Radiation Research Institute
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(BEDT-TTF)Cu[N(CN):]2 is an organic salt with the chemical composition of a
1:1 donor and anion molecules ratio, which is expected to have a half-filling band. This
organic salt shows an insulating behavior of the DC resistivity and a large optical gap
and Hubbard band transition in the optical conductivity spectra, which indicate the Mott
insulating state. However, a spin-singlet transition has been observed around Ty, = 26
K as a sudden decrease of the magnetic static and spin susceptibility as measured by
SQUID magnetometer. This spin-singlet-like transition might indicate a spin-Peierls
transition [ 1]. In this study, we present experimental results of magnetic properties using
a SQUID and ESR measurements to confirm the magnetic state of this salt.

We conducted ESR spectroscopy measurement along with three principal
directions of g-values as shown inset Fig. 1(a). Fig. 1(a) shows ESR spectra of
temperature dependence at H parallel to gmax or close to a* direction. The ESR spectrum
consists of two components of Lorentzian functions labeled as component s, and s°.
The g-values of both component s and s’ are almost close to each other. Component s
and s’ merge into an asymmetric spectrum at higher temperature region (for example
18 K). The spin susceptibility y can be calculated using parameters fitting of the first
derivative of Lorentzian function fitted to the ESR spectrum. From Fig. 1(b), the total
Xs from two component (s + s’) shows similar temperature dependence of static
susceptibility ypc after subtracting Curie component yc. Both ESR and SQUID results
have sudden decrease at Tsp of 26 K. Furthermore, in the Fig. 1(c), component s, and s’
show the singlet-like transition with almost ys = 0 below 20 K. Very small Curie
contribution is found at low temperatures. These observations indicate that component
s and s " are important to form a spin-singlet transition in this organic salt. To get a better
understanding, we will discuss additional ESR parameters together with other
experimental results.

(a) 80— - (b) 30 2 Fig 1. (a) ESR spectra at 3.8 K and 18 K
H // Grmax ™ = S along gme direction. (b) The black solid
ool N ‘::, 20f gb curve is static susceptibility ypc, blue
= 18K G Grmax g 1ol ! g solid curve (ypc —xc), and circles
’§ 1 ‘;w § correspond total spin susceptibility
s 40F +5') 1 0 £ xs(s+5s'), along gmax direction. (c) spin
5; (s+s (c) 30 susceptibility ESR components along the
'LE 2l | = gmax direction. circles indicate yg(s +
2 5 20t s"), square indicate component s and
B 3.7K £ triangle  indicate  component s’
OMN/MM’ $w 10r respectively. Inset figure shows three
stV = principal directions of g-values in the
T 0y BEDT-TTF molecule.

H (mT)

[1] M. Hase, 1. Terasaki and K. Uchinokura, Phys. Rev. Lett. 70, 3651 (1993)
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https://www.microsoft-365.jp/2021/07/15/%E3%83%91%E3%83%AF%E3%83%BC%E3%83%9D%E3%82%A4%E3%83%B3%E3%83%88%E3%81%AE%E3%82%B9%E3%83%A9%E3%82%A4%E3%83%89%E3%82%92%E8%87%AA%E5%8B%95%E5%86%8D%E7%94%9F-%E7%B9%B0%E3%82%8A%E8%BF%94%E3%81%97%E5%86%8D/
https://www.microsoft-365.jp/2021/07/15/%E3%83%91%E3%83%AF%E3%83%BC%E3%83%9D%E3%82%A4%E3%83%B3%E3%83%88%E3%81%AE%E3%82%B9%E3%83%A9%E3%82%A4%E3%83%89%E3%82%92%E8%87%AA%E5%8B%95%E5%86%8D%E7%94%9F-%E7%B9%B0%E3%82%8A%E8%BF%94%E3%81%97%E5%86%8D/
https://www.microsoft-365.jp/2021/07/15/%E3%83%91%E3%83%AF%E3%83%BC%E3%83%9D%E3%82%A4%E3%83%B3%E3%83%88%E3%81%AE%E3%82%B9%E3%83%A9%E3%82%A4%E3%83%89%E3%82%92%E8%87%AA%E5%8B%95%E5%86%8D%E7%94%9F-%E7%B9%B0%E3%82%8A%E8%BF%94%E3%81%97%E5%86%8D/
https://www.microsoft-365.jp/2021/07/15/%E3%83%91%E3%83%AF%E3%83%BC%E3%83%9D%E3%82%A4%E3%83%B3%E3%83%88%E3%81%AE%E3%82%B9%E3%83%A9%E3%82%A4%E3%83%89%E3%82%92%E8%87%AA%E5%8B%95%E5%86%8D%E7%94%9F-%E7%B9%B0%E3%82%8A%E8%BF%94%E3%81%97%E5%86%8D/
https://support.apple.com/kb/PH24381?viewlocale=ja_JP&locale=ja_JP
http://blog.1dz.jp/?eid=828
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