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Advantages of Ultrasonic Measurements using High-Magnetic Field Environment

Tatsuya Yanagisawa

Department of Physics, Hokkaido University.

Ultrasonic measurement is one of the unique and powerful techniques to probe anisotropic local
charge distributions and fluctuations in solids associated with the electric/magnetic-multipolar
moments of d- or f-orbital, valence/charge fluctuations [1], atomic vacancy in Si [2], and atomic
oscillation so called ‘rattling’ [3, 4]. These are difficult to be detected by a typical technique as
electrical resistivity or magnetization. In general, the principle of the ultrasonic measurement in solids
is based on motoring local strains of the lattice induced by a propagating elastic wave, which is coupled
to the local charge distribution and interaction between charge and lattice vibration. As a result, the
longitudinal and transverse acoustic waves can observe the multipolar responses of different
symmetries “spectroscopically” (Fig. 1). Since the above-mentioned electric degrees of freedom cause
a spontaneous symmetry breaking and induce lattice instabilities in some compounds of the strongly

correlated electron systems, therefore, it is very
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I would like to briefly introduce recent progress
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fields: (i) Evidence for the quadrupolar Kondo
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Fig. 1 Schema of Ultrasonic Measurements
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The Fiber Bragg grating (FBG) technique has been shown useful for studying spin-lattice couplings
up to the highest field of 600 T in combinations with the electro-magnetic flux compression method
and the single-turn coil method [1]. Not only that, the FBG technique has been quite compatible with
millisecond pulse magnets and DC magnets. We mainly show the application of the FBG technique
to the case of LaCoO3 up to 600 T [2, 3]. We also briefly introduce recent results on solid and liquid
oxygen, SrCu2(B03)2, and Breathing Pyrochlore spin systems [4—6]. Further, we also try to figure

out the future direction.
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Our multi-extreme THz ESR covers the frequency region between 0.03 and 7 THz,' the
temperature region between 1.8 and 300 K,' the magnetic field region up to 55 T,' and the
pressure region is extended from 1.5 GPa’ to 2.5 GPa using the hybrid-type pressure cell.® It
also includes our mechanically detected ESR* measurements using a commercially available
membrane-type surface stress sensor, which is the extension from our micro-cantilever ESR.
Our multi-extreme THz ESR and other related topics on THz ESR are summarized in the special
issue "Terahertz Spectroscopy" of Appl. Mag. Res.° Moreover, applications of our
multi-extreme THz ESR can be found in a review article "Experimental Studies of
Dzyaloshinskii-Moriya Interaction in Quantum Spin Systems: High-frequency High-field
Electron Spin Resonance (ESR) Measurements" in the JPSJ Special Topics
"Dzyaloshinskii-Moriya Interaction: Physics of Inversion Symmetry Breaking".

Developments of our multi-extreme THz ESR are very much related to ISSP, for instance,
our capacitor bank came from the old ISSP in Roppongi, our mechanically detected and
high-pressure THz ESR measurements started from the collaborations with ISSP. Some history,

the very recent achievements on high-pressure ESR and its perspective will be presented.
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[2] H. Weijers et al., IEEE Trans. Appl. Supercond. 26, 4300807 (2016).

[3] A. Badel et al., 27th International Conference on Magnet Technology. (2021).

[4] Y. Tsuchiya et al., IEEE Trans. Appl. Supercond. 33, 8001105 (2023).
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Fig. 1 Magnetic field strength distribution in the Fig. 2 Field dependence of the Ic in REBCO tapes at various
33T-CSM under design. temperatures and fields. Inset shows the waveforms of current and

voltage during the pulse current measurement.
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Precise transport experiments by using 3D-vector high magnetic field and FIB

microfabrication technique
M. Kimata
IMR, Tohoku Univ.,

W5 L DO FEEE RN L, EFIREED T 5 FRMEDM DR ORI 0y 7 e <A -
(EAB K DRI AR R R T 5, Fox 1THACKF B BHIFFERT O 7 7Rk 1 il
A 2 A A A Zx, 20 T DA EDOWE 27 R VRS E0 T R854 B oy it 50 &
T TW5, SBEIOREEX TIEEICHIEBGITSREZKLY | WS T COREHIENS &
IV TERBFEOND DD, N O ETLOFEMEE CEMBNTT 5,

Fig. 1 1334~ 2MEH LT\ 2 "Rl 5B TH 5, — DO E LT, KR
OWHEINTFREED RER T 4+ — LFXTRAT = =T X7 ZHNRWOEEE LT
0 | [BIEEEEO B A BN L T\ D, ZHUC KD SHe IEE T 6 ERAY 72 44 L AR FZ5R )3
AfREE 72> TN D, £o, AT =V 0 EERIZHERIIR & 22252 F L TS 72w, HEk
BARET BNV E L RETZEBNATRETH L, EBR, BUZ OV TIRaa i~ O FIEIC
EDMEZITLTCND, £o, TRETERTH o 72k fllE[1-3)IC R S5 3, BR
LIB(NMR)[4], ASFREALER[S], B E B FE OIRIKWIPERE 1T hh TV D,

F72, AEIORE TITERA 4 B — AFIB)IC £ 2 B SEMMN T2 A 7= KB T
FEZOWTHRBNT D, FIBIZ X 2800 TIE, fE3kI3E 8 E T B SEH o7 7 sl BHE
HOPDOIZFICTHWOLILTE R, ZOHENZICHT
% Z LT H100nm~ #5210 pm FEE O FSHIEIEE 0O 2%
ISR ATRE & 72 D (Fig. 2), W | B IE ORI
B A W TAT O D 2 E R Z WA FIB & FHViLiE
TS DS R EE 22 kR 2 72 B I DWW T O IS I L D ngAmmgmmﬁmmm
KBRS FREL 72D, Rl E LTE, BRIEHLOMEN  rotator for high-field magnets in
. RERERBELEINTE S 2 LIk -3 MR
MRS OB, BB Y A X ROBIE R E
2 BI, SBROFHEN L FEBROERPHIF NS,

[1] M. Kimata et al., Appl. Phys. Lett. 116, 192402 (2020).

[2] K. Nakagawa et al., Phys. Rev. B 107, L180405 (2023). N 2

[3] K. Sugi et al., Phys. Rev. B 108, 064434 (2023). N M
[4] K. Kinjo et al., Phys. Rev. B 107, L060502 (2023). Fig. 2: An example of micro-
[5] H. Sakai ef al., Phys. Rev. Lett. 130, 196002 (2023). fabricated transport device by

using a FIB.
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Nuclear magnetic resonance in a high field — an application to film samples
T. Yamanaka”®
AIMR, Tohoku Univ.,

BRRIBIEINMRITE A Y 2 T a—T L LT, TONEIZBIT 5 NEES

DEACETIRD Z E NARERFIETH H. ZORBMIC L VY A MCB T 5 Rk
IS T2 A4 b7 RRETFAE VRS ZUNE T OBAE ST EME UT, e &
ZELT, Hx 2WEOBRENH LI TE .

NMR 135 MR BV TR R TETH 508, EHERET 5023
FT— AL N THDHDOTEBIRENT. Z D7D/ N CORIEIZINETH 5 AN
FEAETHD. ZOMEEBRT D TED 1 OMRMEGORMATHS. NMR OfF 5
FRIE 1T B —~ U R L DA B U RRER &k EiE B O A B U BT 5 7m0, SRk
i & NMR IZAPES B,

AR, RIBEHEIROESRIZ L > TS E S ERWENERRICARSND L9120, ¥
BONTH: 2 Rotdk, il - Rl O ROBEE e E OB FEORIBEN KA Z
RONTWD., ZOXIICEFYEONEHEE L L THERBEHABTHLD, Zhbb
EFEITH D72 NMR OFFZEFIN D72, LL, BEOBHNTE 57251, #%
W72 7 a—7 L0 ) RSN 2 =— 7 I Te & ATRE & - 5. SR C I IRFE O Ky %
560 5 MRSV 7 FITEDORE 2% 5% 5503, NMR 72 5 IEEEUELO(F 5 & D
EHEANY MV ETHBEL CHIETE 5. [AERIC 2 MOWE 288 LTI-~7 v iz

BOWTHLREZXALEZHENFRIEETH S, FHlZIEXNb & Cu 2R AICHEE L= N Tk
TFAZEWT, Cu D NMR FFICDWTHRNSD Z & T Nb BIRE A Cu I rHEsh 5 c Y
HHLTWDZ ENBIRISNTE L HH[L]. 2D XD I~T e RmOWEL %2 B 5 )
I29% 5 ZTNMRIZE R FELRVES.

E CIIEE MT - CELEVWE TR A TBE-OM%E[2-4]% .02, NMRIZXE 5
MR DB ZE FIEIZ DWW TR T 5.

[1] R. Aoki, et al., J. Phys. Soc. Jpn. 56 4495 (1987).

[2] T. Yamanaka, et al., Phys. Rev. B 92, 241105(R) (2015).
[3] T. Yamanaka, et al., Phys. Rev. B 96, 060507(R) (2017).
[4] G. Nakamine, et al., Phys. Rev. B 99, 081115(R) (2019).
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Non-equilibrium to equilibrium crossover in the magneto-transport phenomena
A. Yamada®EB, Y. Fuseya”,
AUniv. Electro-Commun. Tokyo, BISSP, Univ. Tokyo,

LA 2R RS B R 0> D E NN D EEURE S T v Y VL, BRI RT A — 2 T ¢
v N OFEE X2 B EERIREUE DT I A ffh s v Tnd. —F T, 2y FuE ko
BAEALIC LV @S I O AXB M O NOBEEZLEL T2 EREILND.
U ETALENTZHHETFITHE SN T, WL OO —RI R REREEE NS S
TS [1,2,3], 99680 & 5 12 28 2 2R fE I 3 A Al EE 22 s~ Dt ii
DM AR RIS NI Z L3 enoTe.

AlalFe 2 1%, TR - HOPETR O S EICE S W TSR T OB E T Y LV Z R R L,
FIAEAER O+ S WIS GRAFRFRITEUIRTIR) (288 W Tl SLBRRR IS ki3 2 A%
R U7 4] AARITE GG & REE T A =2 BN D RN T=offifECchH 0, MiEmzR
TA=BEGHhOOY, ZALITHICEMAN R /NT A =20 AL Z ENTED. F
7z, 7 XU ETAEONRILE M RUREE BT HIREIRICHR D IAEND.

Fx OFITBNT, A UREE N BRI RB O CIEER D O SEHRE~D 7 1 A
F == T N7 (Fig. 1). 2

Non-Equilibrium Equilibrium
r 1

BT R7 NS SUANEE IS SV AN Py VIR S A o | o0 o= | o=

EEEWT S, ZOIEBRTIE T =V I ERLLL | Weak field Tt
FOZIA RS EOETT N TOREE G, | S = e
2IRICRIE TR TIET ¥ — B TH 2 b5 IR 7, () | o) | o=@ | o=a
Wi BT A=A RORIRE 72> T D [5]. A | Weakfield Crosover bl |
ERTH, SUTRICBOTEEEO TR Tl ‘H -

bNEVLOD, RO Rk TRBOMRT I
R B 2F—SA—OEsEEA T Figl BSRERESEEY 5 -
& AR, R D F 5

[1] H. Shiba, et al., J. Phys. Soc. Jpn. 30, pp. 972-987 (1971).

[2] T. Ando and Y. Uemura. Journal of the Physical Society of Japan, 36(4) (1974).
[3] A. A. Abrikosov. Sov. Phys. JETP, 29(4) (1969).

[4] A. Yamada and Y. Fuseya, arXiv:2307.00763v1 (2023)

[5]1 D. J. Thouless, et al., Phys. Rev. Lett. 49, 405 (1982)
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Hidden double-peak structure of quantum oscillations in the specific heat
Z. Yang”*, B. Fauque®, T. Nomura®, T. Klein®, D. K. MaudeP, C. Marcenat®, and Y. Kohama”
AISSP, Univ. Tokyo, BPSL Research Univ., “Univ. Grenoble Alpes, PLNCMI-T, CNRS

Quantum oscillation phenomenon is an essential tool to understand the electronic structure of quantum
matter, and to reveal exotic quantum particles, e.g., Dirac, Weyl, and chargeless Fermions. After the
first observation of the quantum oscillation in 1930 by W.J. de Haas and P.M. van Alphen, the quantum
oscillations have been mainly investigated by magnetization (De Haas-Van Alphen effect) and
resistivity measurements (Shubnikov-de Haas effect). Only limited number of results for the quantum
oscillation in specific heat, the temperature derivative of the entropy, have been reported. These

oscillations are generally discussed within the framework of Lifshitz — Kosevich (LK) theory [1].

« 05K data B, Here, we report the first systematic study of quantum
oscillations in specific heat using high quality natural
graphite [2]. We found that the crossing of single Landau
level with the Fermi energy gives rise to a double-peak
structure in specific heat, in striking contrast to the single

peak expected from LK theory. Intriguingly, the double-

peak structure is predicted in the exact form of Ce/7 in the

free electron theory, as given below [3],

B (T)
Fig. 1. Measured and calculated ficld sweep 5 (o 5 dF(x)
of (/T in graphite at 7= 0.5 K. Ca/T = ki [ D(E) (—x* = F)dx, W

where D(F) is the density of state of fermion, F(x) is the Fermi-Dirac distribution function, x =
E /kzT. We demonstrate that the kernel term (—x2dF (x)/dx) in Eq. (1) is responsible for the double-
peak structure in Ce/T. In Fig.1, we show the field sweep of C./T on natural graphite (blue dots)
highlighting the double-peak structure for 1. and 1.- Landau levels. The solid orange line represents
the calculated C./T data using Eq. (1). The excellent agreement between the experimental data and
the calculation lend further support of our claim. Probably due to the lack of the present observation,
the usual textbooks oversimplify the process of calculation to obtain the well-known formula C,; =
7w D(Ep)kZ T/3 that actually misses the double-peak structure. The observation of such exotic
phenomena pave a new way to estimate the g-factor and effective mass, and provide new insight to

the Lifshitz-transition.

[1] 1. Lifshitz et al., Sov. Phys. JETP 2, 636 (1956).
[2] Z. Yang et al., Nat. Comm., accepted (2023)
[3] C. Kittel et al., Wiley New York 8 (1996).
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The Magnetoresistance of YBCO under High Magnetic Fields up to 103 T

S.Peng?, X. Zhou”, Y.H. Matsuda”, S.Awaji®, T.Arita, and Y.Yoshida ©
AISSP, Univ. Tokyo, BIMR, Tohoku Univ., € Dept. of Energy Eng. and Sci., Nagoya Univ.

When the superconducting phase of high-temperature superconductors(HTSCs) is suppressed
by temperature, the system enters the normal state, in which the temperature dependence of the
resistance exhibits a strange linear relationship, that cannot be described by the traditional Fermi
liquid theory[1]. Although the theoretical mechanism of high-temperature superconductivity
remains one of the most controversial topics, this normal state with the so-called strange-metal
properties is thought to be directly related to the ground state of superconductivity [2]. Similarly,
when superconductivity is suppressed by a magnetic field, the system will also exhibit the
characteristics of the strange metal in the normal state at low temperature. For YBa,Cu3Oy, the
measurements of magnetoresistance under ultrahigh magnetic field are still technically limited
due to the issues such as short duration of the magnetic fields, electromagnetic interference and
eddy currents.

In this work, the low temperature (from 52 K to 150 K) transport properties are measured in
optimally-doped YBCO thin films under B // CuOa-layer direction up to 103 T by employing the
single-turn coil technique and a radio frequency reflection method. The magnetoresistance
exhibits unusual B-linear behavior in normal state at high magnetic field region, which is
considered a signature of the strange metal characteristics [3]. The temperature dependence of
the parameter 3= d p /dB in the normal state becomes convergence below T¢, which is similar
to the high field behavior in La,«SrxCuO4[3] and YBa>Cu3;O7[4]Junder B L CuO»-layer direction.
This universal characteristic of HTSCs indicates that the quantum critical fluctuations may
responsible for the strange-metal behavior which is intertwined with the high-temperature

0.6 1 . . . . superconductivity.

0.5k 150 K
111K [1] N. E. Hussey, Journal of Physics: Condensed

Matter 20, 123201(2008)

[2] P. W. Phillips et al., Science 377, eabh4273
(2022)

[3] P. Giraldo-Gallo et al., Science 361, 479 (2018)

0.1F 65 K4 . .
"ﬁ [4] 1 N. Miura et al., Physica B: Condensed Matter

0.0——1 L L L . 319, 310 (2002)
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Fig.1 Magnetoresistance of YBCO up to 103 T.
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Exotic superconducting state and high-field phase diagram of FeSe1-xSx
superconductors
S. Kasahara®, K. TanakaB, Y. Kitanishi B, M. OhnoB, H. Fujii®, R. Hosoda®, T. Kihara®,
K. AkibaB, T. C. Kobayashi®
ARIIS, Okayama Univ, ® Department of Phys., Okayama Univ.

PRGN FeSe 36 L O OF Rl EHR FeSerSx i3, Skl F v 7 Wik
R ZENORERERZED TN D, FeSe 1349 90 K IZFW TE R D[RR PR
DN EZTRT I~ T 4 v 7 HEBEZ R L, KR TIERFEIT NI R T7 2 VI =RV F —g
&L INERBEOBIZEX v v 7A AT o882~ 2 b, 9956 BCS IR
&2 HIRES BEC HRRE~D I v 24— R—fHHI BT 2 L EAONOIMETH D
[1-3], £72ZOWEIT Maki /3T A —% am=2Y2Ho"/H” ~ 2m*Ime » Alge D3IEF TR E
MEE SO Lnh, FFLOREESEE T L [REMED & 2 A N efeimBE b H Y. Z
IVE THRBEGEREHIEIC LY FFLO BEE LB X b D e BB EEL L
TS ZERAHENTNWD[45], —F FeSerSxid, SEHUIC LV x~T ¢ v 7 %%
BITHHIT D Z ENFRETH H[6], HEBREWNZ &IC, R’vT 4 v ZHAPZERITHH S
D Xe~0.17 PLETIE, RERIRARIER L 2 o T R R B KB BB T 5 2 &
D3 57272 > CTH Y [7,8]. Bogolubov-Fermi [ & FEIZI 2 HER 7 = )L R & E - 7=
Brar BB O BN FER I TWD[9], Fexid, ZORBEREOFFEMZHL
PNZT D7, R B 2 WO L BVINE & 9 £ COmEESRMIE., Hiik
JEHEEEANE 24T > T & T2, fH TIEZ OFERITHE-SE | FeSew,Sy T ultra-nodal fk
REIZ DWW ki 5,

[1] T. Shibauchi, T. Hanaguri, Y. Matsuda, J. Phys. Soc. Jpn. 89, 102002 (2020).
[2] S. Kasahara et al., Proc. Natl. Acad. Sci. U.S.A. 111, 16309 (2014).

[3] S. Kasahara et al., Nat. Commun. 7, 12843 (2016).

[4] S. Kasahara et al., Phys. Rev. Lett. 124, 107001 (2020).

[5] S. Kasahara et al., Phys. Rev. Lett. 127, 257001 (2021).

[6] S. Hosoi et al., Proc. Natl. Acad. Sci. U.S.A. 113, 8139 (2016).

[7]Y. Sato et al., Proc. Natl. Acad. Sci. U.S.A. 115, 1227 (2018).

[8] T. Hanaguri et al., Sci. Adv. 4, eaar6419 (2018).

[9] C. Setty et al., Nat. Commun. 11, 523 (2020).
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Digital Transformation of the Synchrotron Radiation Experiments
to Promote Materials Development
L. Matsuda®
AISSP, Univ. Tokyo

MEIRFEICRN T, X BITRUE O RS, (L PREE ., EREA BN 2 L2
TELHEERT =T ThD, ZOXIRXME—L%HWIZFHZBRITBE, SR X #R
HERE?F L —V i CiE CHLRHABARETH Y . S DICIFEO B —AGEEEEIc L > T
PIET — 21X &0 @O EEEN DB IRITTHNC o> T E T2, Hdll TIEIRIE BT o 2% e dEHx 12
o THEIN EBRICEIEL TWAER T2 RO T (203 BIET 547 FllE
HAEL 7o 72[1,2], T OFHHT — X ZRAMICE LD DL L TR L BB L, #
BEOMRER L2 5 Z N TE L7 T, FMEORIB IO bERINLTWND
[3,4].

D& RIS D Fe s TFIEICH L TBUE, SHICA T4 ~vT 4 7 ARy b
728D DX £t & OMAG ORIV AT LAFICEAN L E > TV L FxITINETTr
CAL T T 4 7 ATEET D X BT/ D OFEBRY AT AEBFE L T& o, A
TIRSE B S ER 2 T 5 L T, A v T r~T 4 7 ZAPu Ry M E O &2
B x O DX ALDOEY MOV THREITT 2D,

[1] I. Matsuda, R. Arafune ed., Nonlinear X-ray Spectroscopy for Materials Science, in press
(Springer, 2023).

[2] 1. Matsuda ed., Monatomic Two-Dimensional Layers: Modern Experimental Approaches for
Structure, Properties, and Industrial Use, (Elsevier, 2019).

[3] I. Matsuda, T. Kondo, J. M Oliva-Enrich ed. New Science of Boron Allotropes, Compounds, and
Nanomaterials (Mdpi AG, 2023)

[4] I. Matsuda and K. Wu ed., 2D boron: Boraphene, Borophene, Boronene (Springer, 2021).
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AF, O AR
Revisit high-field ultrasonic study of Kondo insulator YbB12
R. Kurihara®, A.Miyata®, K. Araki®, R.Hibino®, S. Zherlitsyn*, J. Wosnitza F,
A. Miyake®, M. Tokunaga®, H.Yaguchi®, F.Iga%, andY.H.Matsuda®
AFac. of Sci. & Tech., TUS, PISSP, Univ. of Tokyo, “Dept. of Appl. Phys. Nat. Def. Acad.,
DGrad. of Sci. Hokkaido Univ., FHLD HZDR, FIMF, Tohoku Univ., “Col. of Sci, Ibaraki Univ.

YbBix 1E, [REE T & 4B FPIRKT DI RICED, [KIET7 2 I =R ¥ —
I v v 7R S AN Zhic kv, EXEHUTKIRIZ @ - THER LRI
(R 7e 2@ 2R3, i)y, BRRIRAHLI CIXESEIIS —EEIC 725 2 & 08, 87200 %
PR ARG T 2 BifEh 1 O ATREMEN,  F - BERIRPICRER NV 7 IE TOEIRE OB
HBIARME SN D L, Frar iR 2 LE 4 5 ARREBHEANIIRF S TN D, =
DOEFREBOEIAZ A ST D720, THETHE LI, V7 Uk BEIICER L,
YbBi, D)V ABRRGEY; S IEHIEZRIT L CE 0 Lo Lans, iismico
T E IR OBIRIIZIE > TV, Z ORI, BFIREORIFME I HE/F
Wa G52 5 ARENVED & H— 7T, YbBi DBAFE R FUEHEAFANEIC K 5 & T IREN O KRB
BZrbib.

Z ZCARMFRETIE, MEREHN TR FIREIZ T 2 LB ER STV D YbBL A H
WC, B EE A WM E R & IR O SRS KA A B ONRIE L7, i
WHIEIL, ISSP B L OVHLD #NEFND /L 2~ 7% b & 3He BBk Z W TEHRITL
7o, ZORER, £ 5 0FERNR CHIE L 72t e sk L OIS IR IR OB KT
PEIZ G, FEBRFEE OFPHN CIIAEZAHEN TOFENE FIRINIA SN2 - 1. )7,
42 K LA R0 38 T AFTIT i THARR e MR SR 2810 L7z, 2 0 BT X 2 i e 4k
DZAbEIE, Lifshitz-Kosevich R THIFRF S 2 L 9 RIRELE(L A RS o Tz,

FEETIE, BEERE ORI OV THMEZRE T 2.

[1] T. Saso and H. Harima, J. Phys. Soc. Jpn. 72, 1131 (2003).

[2] M. Kasaya et al., J. Magn. Magn. Mater. 177-181, 337 (1985).
[3] Z. Xiang, et al., Science 362, 65 (2018).

[4]Y. Sato et al., Nat. Phys. 15, 954 (2019).

[5] R. Kurihara et al., Phys. Rev. B 103, 115103 (2021).
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A phenomenological approach to itinerant weak ferromagnets

K. Matsumoto #

FIVIRESPER OBGRIL, A ORELETEBETH2HmICL > TSNS, [1]
oL, 22 CIEHMIZ, 70X T ORISR G %%@éﬁf,%%@ﬁ%
ZEM LWV, [2] BEICIE, E£E5 ONEA LIERERIGHEAZ AT~ LR L
TbDENADBZD. BRHZAXLF—ZEFEEZ T L&,

f= (TZ;C]>m2+<7;;Tf>m4—hm+chm3
Thd. ZIZC, T, Te, m, h 13X, WE, =2V —RE, BBt Bt
SN THD. £LT, ], Q, clTFERIVIRDIBIZGHD T A—ZTHY, |
FF 2 V—REDMELY, QITEEREBTOMILORE INHRESIND.
1) ZrZnz : c lIEESEMIROBALOE XL VIRESND. U XD EERREDE o
b E=Nn b Lo b, ERITERMEE a2 VAT N ThoTz.

2) MnSi: clIyrREnz7rey vy I\J:Dﬁ%fféfhé BARICIL c»5 T,
Xo(T=0)=0.0 727, ZOEIFERE0.13ITEVVETHDH. b, Ik
a7 ey hay bEE, cHOGFEIZLY, Tay 7 ey FER
LD WA~ LIRS N2 b D TH 5.

3)Mmhome@@:@%émﬁUV%w@ﬁ%TEy%7my%f;<%ﬁé

CRERE, xo(T=0)=05 &7 FERIE0S EORW—HKAEHD.

4) Sasln: ¢ <0 &>/ T, URIOEZLOMEE Y, mis T To X Xk
DHIRFSID. L, FEERITIT A ZREORTEEMEITIR W2 &3 o 7.
IHIZ, Y rvw—7 )b MREOWSGZEE Ay(H) OGRS Z0HERIC IV 1ED
TENRTERE. FNUCED E ZrZm 1ITHoWT, EEREDY Ay(H) = —1.3 mJ/mol/K> TH
HEZA, BEMEITAY(H) = —1.6 mJ/mol/K2 720 KL< —% L. —F, ZO&EIZD
wf@ﬁwﬁm%m1i7¢w77—xa;éAﬂm=—ﬁmmmeT%ot.m
£, ENEMAEZHAE, BRHT XA — IO EE L2 S Stz s 2

EDRIMABZBND.

[1] T. Moriya, Spin Fluctuation in Itinerant Electron Magnetism (Springer, Berlin, 1985).
[2] K. Matsumoto, Eur. Phys. J. B 96, 7 (2023).
[3] E. P. Wohlfarth, J. Appl. Phys. 39, 1061 (1968).
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Theoretical and Computational Study on Novel Magnetization Plateaux
T. Sakai®®B, K. Okamoto®, K. Okunishi®, M. Hashimoto”®, T. Houda”, R. Furuchi®, H. Nakano”
AUniversity of Hyogo, BQST SPring-8, Osaka Univ., °Niigata University

Wl 77 h =BG, REICDOIV | BEGRFOBRERMERNR L R> TS, &
FAEBHIZBIT DAL T 7 b —I%, BT Lo Tkl &4 % Haldane gap & L THLY
EFoin, HBRT 27D ORERVLESFENUTORNTHS Z EDBRINTVWAHIL] :

Q (S—m) =integer

ZIT S miERENA= Y NEAHTEDOEAE ., B{E T, QITILEIRIED JE
ThD, Q=1, DF D WHEXFRIED BRI Z LD WML T F h—I, #kx 2R T
HE TSR0, BEROICERLEINTZD LTS, 2 ThH BRI, TS
STz, JREICSFO N bR e UVl E LTORMET T b—T, EHFEOH D
S=3/2 3 %\ S=2 KIREEMES I B W CHEER Tl STV A [3,4], Z DL 7 F—
BARIC = > DA B BB D RHE A R0 TE Y L ESR T X 2 FEERIRRGEIC AR 0>
IR

—J. Q=2 H D WIFTENLL LOWAL T T b —I1%, WHERHFRMED B R AR & £ O 23
Noo, ZOXIREELT T b—b WEEHEERICEIL2 77 A P L—a VRIZE
WT, WL ODERRIIZ TRl S VTV D[5,6], it AFZEZ V— T2 L D HIRARDEK
b & B EEAT AR 0 IABFRHEIC K DTS L0 . Zo0RGUENFEET 2561
ﬁﬁﬁ%@ﬁﬁ%%_MMTZGH%%%%%o@M7?b~#mﬁ¢é_kﬁmé
N[, ZOA D= A LNTEEA IR TRIBETH D BUED & Z A S=1 iR, S=1/2
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