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Function creation in polar metals
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Ferroelectrics are materials that do not have spatial inversion symmetry. On
the other hand, like ferroelectrics, there are metallic materials with breaking of the space
inversion symmetry (e.g., polar metals with polar structures), and new phenomena and functions
resulting from the symmetry breaking are being explored. In this study, we investigate new phenomena
and functions arising from the spatial inversion symmetry breaking in metallic materials. We
developed materials with polar-nonpolar structural phase transitions and a new method to measure the
dynamic inverse piezoelectric effect as a new functional response. As a result, we discovered
superconductivity in a new polar metal (Eu,Sr)AuBi. In addition, we observed current-induced strain

response in topological semimetals.



B X C—19, F—19—1, z—19 Gam)

1. WFFEBIAR S RO 5
72 M SRR R & FE 7 2 VMR B 72 & L CBFAEERNH D, 20 X 5 ek bl Tik, [EED
R (VR O L5 725N O /IR U7 HReIs S N KB 5, — T, MAEERO X
DN, i D ZE [ BRI FRIE DAL T BB AT EE (B TRV E 2 & SIRPERE) 2V | kPR
PEDRAUZRL R L 72 LG CHsBE O RR BT T D, ZOREHIE LT, SR FRME O
USR] U 7= e B 70 BARE AN 8 5, BCS BHAR TRl SN DR D s WlRE Tk, 74/ v &
A e U CBIREE X (7 —8%—%F) DRI TR | Z OEHIREH s Bk & 22 [
KR RMEZ £, D72, TILh OXIFRMIES AL 725 f Tld, 76D BCS Biim & B % 7= {5
WA IND, TOMIZE, SR CORRRBIL S LT, ik — IEMmMEE MRS & R o
BBERIA N2 T T A R NoTex IZBI1T 5, HBBERA COERBRABILER DS (1], =
DEREICEIL, W — ISR O 7 4+ ) VDB HL R R VAL EEX
LTS,

2. WD BRK

Z ZCAMFIETIE, @ RAMEC 22 B U FRME ORI R R L 72 8 Bl 0BT RE D BR 4R &
BT, L2aLAans, MrEREEIC R Lo A Nttt chEThE v REEN
TRV, ZHUTFERN O BMEEE I L VRSN D 2 LICERT 2, —H T, #H7R
SIRRDOEITELS TH |, RO B REE N2 D TREER S 5, BARAIZIE, i
PWEROT 4 ) v DOPHEDL AT I APMREE B RIS L KT T RN b
Do TDOXIRBLEG & AWM — IR E ISR A R OM B O BEE & Ok B S
ORE R O LVBEREISE & L CEBIRFEY &= Yy I RONEL B E Lz,

3. WD Ik
B LW EREAEE S UCTHER Lcdlid, 3 JoRaPE XYZQ: T A Y HI0A 1, Y ERE
&, 714,15 JEILH) THY . ZOMEHI X LR A 4R L Y OBERE G EROLIZ X -
THRA REZ O Z LB TS, £OFTH EuAuBi |E LiGaGe RIDMMERIEZ &0 Z
ERHBNTND, IHIT Fu & A A BRI St TIXSAE R COMEfEITIC L Y =R
TILFEMMAEIE 2 L 5 2 LML TV D, (KIR TOMIEMITII SN TEHE 5T, EuduBi O X
D e E A~ ORI S A2ME CTH L (K1), —HFTHHE &b, KA ®OA K
XS TE LT, PR e 1

Vo ZIT, SALOREONESAE [ o :
EATVN, MEEMHT L R R A NET D
T LT, MRS IR O HT T BLR OB
Rl S 6T, MR EAEC oM
LWSREIRA & LC, B = 2R
ORNELEE OBRFE 21T > 7o, — AT A
BT, [EEE I L DR RIC XY
RO XS T o A B S
NN EBZ LN TERN, i, ik
DX D BRERANGER D Z L TEL

‘ o \ Y427~ LI—D D& BREEERE (om)
WTED LS THENSINI. T2 w1 3 R L AW XYZ TOREDMABE DI
TARMFETIX., RIS E R 2 BT I 2%t A REEHA Y

L. ZOROEREZ 80T 5 EREIT



STz, BARIICIE, Ml — FERRIEREE MRS 2 FF D MoTeo 2 FI VY, b EFICEMmAE T, k
M5 Ry 77 —iREFH %2 HV nm BLUTF OIS O BLH| 27 2 7=,

4. WFZERCR

(1) Ft — AR SRR 2 FF DR B BR 4R

FI. ISR O R L EMEE R OMEIBRE & LT, 3ICRMEIXYZ(X: 7V Y
THEA THE, VEBBAR, 714, 1I5BLHR) OB EIT 72, XYULEWIX, XouRE DA 428
YLD BRE S EROMIC L o THiA oiE 2 O 2 ERA LN TS (D) [2], 20X 97
SH IO T T, Fx TBIE TrBeSi Bl DA% H O SrAuBi & LiGaGe ™ i1 A#% 1 % 1 >
EuAuBilZiEH L7z [K2(a) ],

EuAuBi & SrAuBi o BifEbh 13Bi 7 (b)  08[Hiap H=01T
_ 08 =P, T,
Z w7 AEE AV, TV T é sk L .'ﬁ_,_
H (o1
IJERHE AdL, A TEZEEA § o4 T,
k P#Oﬁ w i § Mfl\\\
LA L, Zhick i KkT4 ad=p 0.2 ‘ \ ‘ \ ‘

mm £ R D SR 215D 2 LT
HLiz, £ T, ZHOMEHZE
UNTC L ARG SRR I AT L REALL LB
BB OWE 21T > 72, HLEH
E & k5 1 C O R I 11K
FOMEMZHOH IO b KR
0.1 KETOMEZIT- T,

F£9° EuAuBi ([Z2OW T DEBR
FERERT, BMERIZBWNT, $ o U —U A ZARIEEERGME L 4 KAHETO KRB 23 8
HWEnie, SOICHEAEZHET S &, 4.2K IV TSI IS LT WBWO RO R D
Nz 2(c) ), EBRIRPIROBEERFMETSBNRIEDE AR L, 2 KATIZR W TR
D BB EEE M S 7z (3],

S o, mESs (1 / ) & NS (1) ab) TOEXIRGLEORE D & KR TORKMX &
BREEX Z B L, HFRS TIX 4 KLLTF T 1 DOMIRBEMEAENFE L, RAKIREIZBNT
)6 T THAFMES; (2B Ui sasametk P = G g
&2 D, —FH T, MRS TR, 350 )
BB SN TR Y | FKIEE ClTm
FIRESS & R 6 T AR CRIRIRBES I T ﬁi.
%, £ LT, WS CORBERARYE ® [

X, K910 T EIEFICREREZRT, =

(d)

Iffab

/

s 3 % 100 200 300
T(K) T(K)

X 2. (a)EuAuBi O S, (b)B LR O IR EMRAFIE. (o)
15 COHEAOIRERITME. ()BT OBEE KT

€ (JimolK)

v RESEBRE

80

B
¥

60 = ¢

= (uQcm)

T

4edheoes B

o

PRt e
| A==

A f-—~ocooo00

T(K)
6 T T T T
DERFBSHIE BCS Bl T TRSDEER [0 ames 19 J |
BT =35 T(L =2 DEREL _ 4f o ® Tt 1
i[é 3 g .‘9\ o) - .:'Q~ ® |
B2 TEY ., B BEEREDER L /R e ") N, o BERESEE | . :};\* " |
L TWab, 1k it N e 4 :,/A%AA 4
. NS N2 1 1 L AAIAAA.O\ f | 1 AlﬂfA_Am

— 5 C. SrAuBi 1EHEHEIC K B B % 1 2 0 1 2 3

T (K) T (K)

REEARAT OURPEARAFNED &, 240K fF4L T
YIRS SRR AR L, [RET 4] 4. (a8 & (b)Y, C DMK C O
FuAuBi [REOREIEIC/R2 D Z L2 BT AR PUR O AR AFAYE. (o) RSy & (d)m
L7[4], &0, Z OMEICB N T b 2. 4K RS C O R S 85 D T FE AR AP



FHE TSRS 2 8L L72 (X 3(a, b) ], Z ORI 5T &80 UMGRIR (7 4T) 2825
RO ZOWETHRRLBRERENRBIND, — 5T, EuhuBi O X ) RKER
BRSSO B ITPEITBLRI S TRV, 24U, EuAuBi IZHEARBRPEEA /NS WEE L | Eu O &
IRFEAE U DFELRWZD, AV UHRPNNSNWEZDTHD EEZBND,

(2) ByRYf o > 4 R 0D SRR T D B %E

TE, S EMEOFEESL LT, 4TI v Y2 E Dynamical Piezoelectric
effect) R = VK ZNE Magnetopiezoelectric effect) SERFRAIICIRE S N7-[5], AAFZE1%
ZOWENE L LT AR B & N Z T RO B O A (HREh) OB 72D D EBRTFIE OB & |
M4 B BIMoTe, TORIE 27 A 7,

FERIL, 2RICHY 7R T MoTe, D O i I FERR & 1T, & ZICR MBI A M A . BT
IZBWTC L—%— Ky 77 —R#hGE 2 HOWEL BT 5, £ ORER, AkHz CARRERZ W5
Z Lo 3nmfEE O ERBAER S TR Y. ZHRIEENY BRI L DIEE O AHENE S B
Do S HIZZ OEBREORERFAMEA T LIER BEBRGIEWHEFICRAD T2 2 L3 L
mEtpotz, LnLERE ZOREERFEOBERICOWTIIMRIATE TR, 61T, RKIRDIH
MPEREETH EXBNISNTND Z L2 6, BHARERY ©x Y )R TldZ < PSR
DPLER, 74/ DEAF 7 ATEK LRG0 RN H 5,

B)FEL

ARAFFE T, Wtk — IERR MRS AR SR D N2 8 M & F5 D8 & L CTEuAuBi & SrAuBi D ¥)'E B
WEAT o 72, £ OFER, EuhuBi CIIREME & PRS2 OF R OB LWBEEARTH D Z L 2L
M LTz, SHITAT VIR Z % 2 K& i fiiiss & 2 0BRGN S | 3RV A B U uE A
A EmMEREICER LT v v aNIO A Y U ROBEEMENRE S L7, SrAuBi TiX240Kft
T OB — IR SRS 2 R L, ZOWE THIRIR COBBELRBEEZBAI L, S50, AN
¥ REHENSHERRITREICSFONTZT 4 7 v ZIROHFERH LN E R hRa P H NN
RAEEIZ R L7 Fr B 7 B S O AIREME A4S LT, Bl X 5 22 RSk Bt & Ff 72 72 O BIR
& JBYPtBI TIE, SRV A B UHLEMAERIC L 2 A B U 3B A B X 725 HIECTHIED X 9 7§
PRGBS FRE SRR ST Y . (Eu, Sr) AuBi T b B RE S FMED MRS R 1 & h LR
R & ORRMEDOIRIAN I SN D,

S I e R OFHERE & LTIV B Y B R O EBRFIEOBFE 21TV R4 EMoTe:
IZBWT, B &R & A U COERBI 28I Lz, Z OfRIT, BEaEMEHI I W TH
B e = BRI BB N AL H Z L Z2RB L TWD, — T, FEBMEREEICHS VT EIGE
B SN TR, HRBIEESE CORE TIIR TORRESES T+ /) VA FI T AL
DOERMENRIR SN D, 2D, ZOESEORIFROM L & bICHE RISE 2~ TR B A
METH D,

23 3k

[1] H. Takahashi et al., Phys. Rev. B 100, 195130 (2019)

[2] L.S. Xie et al., Solid State Sciences 30, 6 (2014).

[3] H. Takahashi et al., J. Phys. Soc. Jpn. 92, 013701 (2023).

[4] H. Takahashi et al., npj Quantum Materials 8, 77 (2023).
[6] D. Varjas et al., Phys. Rev. Lett. 117, 257601 (2016).


https://www.nature.com/articles/s41535-023-00612-4

6 6 0 4

M. Onose, H. Takahashi, T. Saito, T. Kamiyama, R. Takahashi, H. Wadati, S. Kitao, M. Seto, H. 6

Sagayama, Y. Yamasaki, T. Sato, F. Kagawa, and S. Ishiwata

Spin-charge coupling and decoupling in perovskite-type iron oxides (Srl xBax)2/3Lal/3Fe03 2022

Physical Review Materials 094401 1-7
DOl

10.1103/PhysRevMaterials.6.094401

Hidefumi Takahashi, Masaho Onose, Yasuhito Kobayashi, Takahiro Osaka, Soushi Maeda, Atsushi 10

Miyake, Masashi Tokunaga, Hajime Sagayama, Yuichi Yamasaki, Shintaro Ishiwata

Possible helimagnetic order in Co4+-containing perovskites Srl xCaxCo03 2022

APL Materials 111116 1-7
DOl

10.1063/5.0101473

Hidefumi Takahashi, Kazuto Akiba, Masayuki Takahashi, Alex H. Mayo, Masayuki Ochi, Tatsuo C. 92

Kobayashi, Shintaro Ishiwata

Superconductivity in a Magnetic Rashba Semimetal EuAuBi 2023

Journal of the physical society of japan 013701 1-5
DOl

10.7566/JPSJ.92.013701

Alex H. Mayo, Hidefumi Takahashi, Shintaro Ishiwata, Karolina Gornicka, Michal J. Winiarski, 9

Jan Jaroszynski, Robert J. Cava, Weiwei Xie, Tomasz Klimczuk

Enhancement of the Magnetoresistance in the Mobility-Engineered Compensated Metal Pt5P2 2022

Advanced Electronic Materials 2201120 1-7

DOl
10.1002/aelm.202201120




Alex Hiro Mayol , Jon Alexander Richards , Hidefumi Takahashi , and Shintaro Ishiwata 90

High-Pressure Synthesis of a Massive and Non-Symmorphic Dirac Semimetal Candidate MoP4 2021

Journal of the Physical Society of Japan 123704-1-5
DOl

10.7566/JPSJ.90.123704

Alex Hiro Mayo, Hidefumi Takahashi, Mohammad Saeed Bahramy, Atsuro Nomoto, Hideaki Sakai, and 12

Shintaro Ishiwata

Magnetic Generation and Switching of Topological Quantum Phases in a Trivial Semimetal « 2022

EuP 3

PHYSICAL REVIEW X 011033-1-10

DOl
10.1103/PhysRevX.12.011033

8 1 1
Y MTe2 (M = V, Nb, Ta)
2022
2022
EuAuBi
2022

2022




TaTe2

2022

2022

X VTe2

2023

2023

EuAuBi/SrAuBi  NMR/NQR

2023

2023

Eu-based semimetal as a possible centr osymmetric topological magnet

The International Conference on Frustration, Topology and Spin Textures

2021




Eu

2022

2022

2022

2022

(Nakano Akitoshi)

(50842613)

(13901)

(Akiba Kazuto)

(60824026)

(15301)







