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Exploration of non-thermal equilibrium state in manganese oxide

Matsuura, Keisuke

3,200,000

In the strongly correlated materials, phase transitions between thermal

equilibrium phases have been extensively studied by controlling the environmental parameters such as
electric field, magnetic field, pressure and so on. No systematic research in terms of kinetics has
been done so far until quite recently. Recently, several strongly correlated materials which shows
the metastable electronic state under the rapid cooling have been reported. In this project, we
investigate what conditions should be required to realize the supercooling electronic state. The
target materials are the colossal magnetoresistive manganites. We have found that close to the phase
boundary between charge-orbital-ordered insulating and ferromagnetic metallic phases, the required
cooling rate to realize the supercooling rate largely decreases. We have demonstrated that the
electronic phase diagram which represents the free-energy landscape is closely related to the
cooling rate.



¥ X C—19,. F—19—1, 2—19 (58

1. WFZEBRME S PO &

SRS T CIx, B, BEG. EJ). 6. AR ORI 2R U T, ERZRWEINE D33
B4 5, TE, FERBEFHEEONRT A—2 L LT, BERSIHEENER ShTWV5, BEX
YL —H =L 2 HWIUE, BE OB OB HEIEE(102-1010 7V e U)X D S
WHIBREE(101-109 7V E VRN EBL SN D, HEam F ik, S2VEEMRRICIITEE L, 2
RN T Z ENRBELNICR>TE T2, ZTNETEMPCAY VHHREZHFT IR TAK
T COWLRERENERINTE T, ARZEHEND, BTHIEOSAHHETHLHIEH HE
EHTOWEICBWTY, AG T CHEZTIRENEH T2 LM SN 5, ABFZETIE. #uEHEE
RIZBNT, B XV a7 L EREZRIG T Z L 2 BIE L T 5, RSO 0B
%, BAHBEEFROE "OEFNTHAECHIIEHHREICH L CAKTFEZEATIZ L
T, —HOBE N A BT 2 IFAEEIREOMANERMIN S SIch b, S5, #uEH
HEEITEM - Ay B THHELHEEGL, &

BHNKEATRRF 2 AT 2 LD il

EiF - ACVHBERL Y b SR ARELERE 103 g TRERKe)
NHET L LW 5, ‘ Slow | ‘ Rapid Cooling ‘ >
o AR T BanE
2. MEOHRK H3Z(5i0,)| [#8 752 |
Ze s = 7., Jaf =
ARIFZETIL, MIABEE TR E RO 5 =2 [EHEEEJ { e BE75 |

OEFPELE HEGER - A - BB D b, ‘
- IE (B O RITRY 22 22 A O 5 A 4&@@} f}ﬁ@”
HHETHOIMEAREEZATOWHEICEHL (puesn | ;
R ©o® nd BE@
PUERRE OB S O Ol Z BT, BB P -
FTb, RENRPLENHERO -S> TH L~ nH

TAA M= 0 R R31xAZHMnOs

g, MAKTEEEAT 5, ¢ 10 U7 A LM H RIS D RmhiRo b i
EN5, BE A B ERICHT 5252 F O
3. WDk

AL TITRD L D mERTFIEE L o7,
(1) EIR VAT K D BmEOBALIE
—iC, @EiEREEE LR ITWE TR, 2R

BEER. /L RIE
1 DEZ /NI A
0.8 T

N

2

|
RAL VDS T A4 —RERBEICEOZRE <
(S—aL—va R A LELERRS, —o &R %O
Lo e, CARI o ClREReRIE S E 04t
FERTEIL LTh, (RS RO E BT NIL, & W;‘m;
SHRPTRIE Tl L\, 2 2 T AR TR EAUR NIy v B
FE B RCHE T 570 —7 % ¥ o8 N 2 4 6
S VR L BEHEIIE IS X - TR A R RIE O 1K = B (7))
TR % 34 L 7=, DU T 0 B ORSBMT I, 07— .
B AT B E SO M BHEIINTTHE R Y A 2 T g Ut
AWM L, $72, REIRF— D013, fes s 5 10°F
DL OB L, B v s AR A E It i
Uiz, 27 a—712 1 0 | BHEIEEE R Quantun o F
Design L8 MPMS) PN T b BV b B SHEHL O 7 ) T
BRAIE S TTHE & 72 o 7o, E 72, 8\ eI iRRE % 4 2 4 6
FHF UL AT A —F ALE IR B (P)
MAOADbESZ LT, BRIV AAMF OERIE #y 200 . . 1
POMMZLZ B L, Zhuc kY Te—71c B E
A UTIREF D D IEF A BN 220, EEORE =N ~150Ks™! ]
IEZ RAES 2 2 L TE D, [ 2 13, FZFRIC MPMS w2 Y 100 F -
MR VA ZREHCHIN L BORB Ol SR f :
VORI ARG HEE SN S RERRE ORI 7 0= S0t L —
TZr7ANLTHDH, 8 H DU HASN TORE DG H] i H%FEﬁﬁ",b)

HEEE(0.01 - 0.1 #LVEV/FD) BT 5 10>-10°
TR/ FOERBUIRRE) LT,

e

(2) WA BBEE ORD & A 7 geemm B9 2 UL S BUEORIRNE 7 0 — 7 %

BBIREIC ST SRR & ey D I SV R ERURHIC DI L 72 RO

SRR IR E D & 5 I LT B os UL EE, TSRS L UHEEREHRZ 0
WFfi] 7' e 7 7 A L.



-
—

- i
z 7

T

TSI, MEM | A A=V T BT 17, BER TSN E L., attocube

AFM/MFM & W TIT 2 72,

SRPARES

4. WFTERRR

N7 ABhA M~ T UEEIE. B AT S Z & TERZ2ABKIEIZIENEL D
TETHBLITND, BT TR, Bif » AV - BUd - $87 & W o T2 [ERN B B EEDE
HIZHEA L TWbH T, B, B/ FEROREER 26T 5 2 & C, BN OHIEREL
GDREIINCTHR DT E T2, ITHIE, 0 XE AW IR ROt oA & L CHEH
SINTETCND, ARWFZETIE, FEPERREAZ R DRI O T 7 a—F L LT, RERSHEE Frlom
jﬁ‘ﬂﬁ}_ﬁ) O)%ﬁuﬁﬁ) ’Z)?Jﬁ’\“f:o 3\56:\ Ndo 5510, sMnOs %—f;d‘% & Lf:o

(1) &PV A % AT BIRTEIT & 2 EATEUERR T O B (e

R L7 0 —T7 ROMERZ AW T, BRIV A ZEIIN LT & 25, ERHERRFFERE 234
L5 Z &<, Mt EREBO IR Lz, Bit/- SV AZHM Lz E 24, BARHEUL 1
M U, [RIEFICBME DEDS 1 s ZZ{E LT,

o, B SNV AOBRME LS ED Z & T, AR Z SRR HIE L, b o i AlE
AR Z A BN LT (IX03) . £ DGR, SORm MRk A0 (FEATHUERRFH) & iRt & @A
DFBLFUEFIC BN T, BRAMAEED 4 MR <325 2 L3 ghote, Zhud, MR
TWEBRE ORRNBEE TOPEICEICEN D Z & 2 BR L T D, LA EORERIT BRI,
VMG NT A —=Z THLHMAEE & bEBEICEHR L TVD Z L 2R LTV,

G

T T T T T T 0 T T T T T T
sof 59T ] T=5K
rEs7T g ® ,

m557T 0E 9 4
= [m33ft A" a °
B oasfk o fm =
= ™) A
S TR S r |
i) [ S
0T m 1&
=~ ] m = B, °
B mm - m 0F .
[~ 25F . n" 1=
| m" = &
m my |
SN -l | RS ]
o am® n. Ju
m
Lo T=5K ®
1 Al | L J 1 1 | 1 1 1

|
® 107

10

107

10°

10 10" 10°

RENEE (T E v /15)

107 1
53 54 55 56 57 58 59

HNEWES (TR 7)

4 3: (a) Hkx 7SN C OB O A B AV (b) B S HH B DRGSR A

(2) WERSTWMEE MFM) I L D AMINEED EZER A A=V F

MPM % FIVNC. Bk 5 A 0 228 R8I %

P —

1792

&ET AR O R L bIT o7, 4 (E) A

BRRBIRTO MM TH Y . K 4CH) REWIHBETO MMMBTH D, X 4(E) o AFO OE
WAL LT, 2WmIRETITMBMREENIER L TWA Z ENSh D,

H

YEERZE(w A4 7 A X — kL)
N

o

© o

o
™

RAaHGE - BRHEHKRFE

A -

XEERZ(v A 7 aX— k)

- ERTEREWEEES
s s B w1
55T,10K 1 55T, 10K
1 18
1 x.
- o 6
1 o
= Ay
1 » ¢
q &k
1 & 2
>
I S
% "2 "4 6 8 10
XEIZE(Z A 7 A X— k)
|
-20 0 20

4 4: (F2) FEATHEFRFFAR T ]I OV HE%e 8 TREE 4 J8 AR oD d U IR R A



(3) A/ Rin & NI A A F o 7l 0O SE3E

ARWFZETHWIZAmIZ L 2 EZE ISR IRBO AN Z 5 Z & T, fm bk ORG
“set” BRY Reset “fLETIX, ZNENT.0X10° T

& IO T AR 2 SERE L 72 (14 6)

VART T A= R, 2.5X10° T URXT /S EH A — MVOBBIREBE LD LD IREBR/ NIV AE
b LTz, /LA

AUBHZHIUIN L 72, Th 2oL AALE THRAED LR L OBMb 2 Al
(2 & D am M ORI TRALHIEITTRE TH D Z L #HREL T2,

-

(a

10

BRIES(Q)
T

o
-
o
o
@

3]

_; _Set Reset Set Reset Set Reset
T T T T T T T T T
5K 55T
] | | | ] ] | |
1 T T T T T T T T
&®
3.5 B
L)
5
3.0 B
RS
s
B 25fF
[:\
qL 2o @ 3
- 5K 55T
1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500 4000
BE)

5: (a) TSI KL Ob) BeAb D AHRIEHIE.



1 1 0 0

Matsuura Keisuke Oike Hiroshi Kocsis Vilmos Sato Takuro Tomioka Yasuhide Kaneko Yoshio 103
Nakamura Masao Taguchi Yasujiro Kawasaki Masashi Tokura Yoshinori Kagawa Fumitaka

Kinetic pathway facilitated by a phase competition to achieve a metastable electronic phase 2021
Physical Review B L041106-1-5
DOl

10.1103/PhysRevB.103.L041106

, , V. Kocsis, , , , , , , ,

2019

K. Matsuura, H. Oike, V. Kocsis, T. Sato, Y. Tomioka, Y. Kaneko, M. Nakamura, Y. Taguchi, M. Kawasaki, Y. Tokura, and F.
Kagawa

Quenching of Charge-Orbital-Ordered Manganites

International Conference on Strongly Correlated Electron Systems 2019

2019







