‘MRS

FEMEIRKZ 2025
BEHMRRI A S
7 A 5-8 H, 2025

EE EI]

X::l

DA4-BE-TH1 K

D44-Quantum Materials

FE L
t E PR R
2= W3k https://cmc2025.scimeeting.cn

L)
/’:r-:
W‘ ' i e
. e e e



H E M KK £ 2025 D44 T

D44 T8
NEERE: Rl BES. A, %30, RE

D44-01
AB R BER XK 2 B B BEe B R
2R
NP

S B IR BNE S OB PR A N LR B e HUE AR ELAE B B N, R L s AL EL
TR AEAT ORI, S R RN K B W SRS 1 R

ASSOR P T HUSHB R B 28— R BB TR, WTFC 1 R D% < Ja S S B 2K L, R B e X
TR FRAE IR 25 ) 7 ~PAT TREFE AR R, 2 DRI, X451 S ) B R L R A 5
PRI —B. BT IR, SRR B et B 1 AR LS

D44-02
B TR R 457 SR A4 PASP
L%
CEEPN

BAVE S BRHVEA 2 2RSS B AP RHE IS B EORGUR AAA E RN A ME, AR S RETXEME R
GBI THREBITT, AT REIMEHE B 3 A S BRI PASP, AR 4RI T R FRVERER 24T <
ARG EWEITE R RERA. 275 CE AR 150 WL JNEEDIRE: EVEM
BHFE 5T, FRATTR I A R T B A7 CERF R IY) Kitaev AH LA AN s B BT AR ELAE A« ZE8K B 75 T
FAVENL 7 HEBBORIER) — BVERS, ROk BV s gt R R T BeE TR X
QUM S X 2R BATEN T B iefr il e B R, sRIIEE 7 2 MR T 2R
MR, AREAR TN A5 B SERIESE . IXEEWT SO TR B RN, BB & R s
TS MR T ER RS

D44-03
A NET LR R BT

WHEZ
H R B BT T T

AATE CMOS T Z Rk I B 7T RO A2 i /RN AR B BRI 2, &SRB IS B e 38 FH B 7o
SN 6, PR T IR R DL SSIUEHITR I 99%LA 1, Intel A1 IBM 452 QA ESKH M
SEFATHI . EMART TR A AT TR S5 R BT A 4 OSAAERT  4e . Rashba 206,
AR T AN =R B, I 4B 7R %20 Rashba 2% 72 Nature 538 [fi 8 2% /B 7 LR Skl 4 L EDSR
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Nonlinear Hall effect in altermagnets
R
RS

Altermagnets are characterized by non-relativistic alternating spin splitting in the band structure and collinear
compensated magnetic moments in real space.[1,2] Besides the direct detection of the altermagnetic spin splitting
band, the observation of altermagnetic spin-splitting torque and anomalous Hall/Nernst effect, as well as fine
domain characterization were used to characterize altermagnets. Identifying distinct fingerprints of altermagnets is
an ongoing and important task.

In this talk, I will present key fingerprints and experimental progress of altermagnets. | will begin with the
observation of spin splitting torque in the altermagnet RuO-, which serves as a clear fingerprint of altermagnetism
and provides a unique opportunity for the non-relativistic generation of pure spin current.[3,4] Based on a
universal asymmetric energy barrier model, the deterministic 180°switching of the Né&l vector in Mn5Si3 was
achieved[5]. Furthermore, we show the manipulation of the altermagnetic order in CrSb via crystal symmetry,
where the relative direction between the current-induced spin polarization and DM vector determines the
switching modes of altermagnetic order[6]. Finally, | will introduce two types of nonlinear Hall effect (NLHE) in
altermagnets: the magnetic NLHE (MNLHE) in Mn5Si3 and third-order NLHE (TNLHE) in RuO..[7,8] MNLHE
is characterized by a quadratic Hall conductivity dependence on magnetic field. This finding relies on an
altermagnet, Mn5Si3 thin film, whose alternating-sign Berry curvatures ensure higher-order MNLHE clearly
distinguishable from the first-order AHE. MNLHE is non-analytic, as reversing the magnetic field flips the
alternating spin-splitting bands and reverses the hopping chirality, which is absent in traditional NLHE. TNLHE is
characterized by a cubic dependence of Hall voltage and current. TNLHE shows strong crystal orientation
dependence, as it can only emerges when the experimental setup breaks all relevant mirror symmetries. Beyond
offering distinctive transport fingerprints, NLHE opens up new opportunities for altermagnets in both fundamental
research and engineering applications.

[1] C. Song, et al. Nat. Rev. Mater. DOI: 10.1038/s41578-025-00779-1 (2025).

[2] L. Smejkal, et al. Phys. Rev. X. 12, 040501 (2022).

[3] H. Bai, et al. Phys. Rev. Lett. 128, 197202 (2022).

[4] H. Bai, et al. Phys. Rev. Lett. 130, 216701 (2023).

[5] L. Han, et al. Sci. Adv. 10, eadn0479 (2024).

[6] Z. Y. Zhou, et al. Nature, 638, 645 (2025).

[7]1 L. Han, et al. arXiv:2502.04920 (2025).

[8] R. Y. Chu, et al. submitted.
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[1] Dai, J; et. al. arXiv:2408.14285 (2024).
[2] Lei, L.; et. al. Nature Communi. 14, 6320 (2023).
[3] Pan, Z.; et. al. Nature Communi. 16, 3084 (2025).
[4] Wang, R.; et. al. Chin. Phys. B 34, 046801 (2024).
[5] Liu, Z.; et. al. arXiv: 2311.17615v2 (2025).
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Avrtificial symmetry design for strongly correlated oxides
K4
BB R

Over the past decade, we have developed universal strategies (e.g. graded/varying strain, surface/interfacial
chemistry, non-equivalent superlattice) to artificially control materials’ symmetry and symmetry break for the
emergent phenomena and functionalities, such as magnetoelectric phase transition or topological spin textures, etc.
In this presentation, | will share with you one strategy for the symmetry design that can be extended into a broad
variety of materials. We discover that space-inversion symmetry can be broken and accompanying “hybrid”
Dzyaloshinskii-Moriya interaction can be driven by a graded strain in a correlated oxides,(La,Sr)MnO3. Such a
symmetry design in this centrosymmetric ferromagnet results in the stabilization of multiple topological spin
textures (skyrmions and spirals) at room temperature [1]. By further engineering the electronic and spin structures
simultaneously, we observe that a chiral magnonic edge state can efficiently propagate through the spiral
nanochannels of (La,Sr)MnO3 with a low magnetic damping at room temperature. The selective control of
spin-wave propagation prospects the potentials for fabricating nanoscale magnonics devices [2].

SR

[1]Y. Zhang et al., Strain-Driven Dzyaloshinskii-Moriya Interaction for Room-Temperature Magnetic
Skyrmions, Physical Review Letters 127, 117204 (2021);

[2]Y. Zhang et al., Switchable long-distance propagation of chiral magnonic edge states, Nature Materials 24,
69-75 (2025);
D44-13

Beyond altermagnetism: Unconventional magnetism
X =i
Fa 7 RHOR

With the advancement of antiferromagnetic (AFM) spintronics, magnetic materials with diverse magnetic
structures have garnered widespread attention. Of particular interest are “unconventional magnets”, which
simultaneously exhibit AFM configurations while displaying properties reminiscent of ferromagnets (FMs).
Exemplified by altermagnets, unconventional magnets promise to combine the advantages of both FM and AFM
materials, offering, e.g., high storage capacity, low power consumption, electrical manipulation, and ultrafast
dynamics. In this talk, we start with symmetry theory describing magnetic geometry—spin group theory —to
discuss the symmetry design strategies and material pools for different facets of unconventional magnets,
including spin splitting (altermagnets), anomalous Hall effect, multiferroicity, and topological magnons. We also
introduce a homemade online program, FINDSPINGROUP (https://findspingroup.com/), which is applied to
diagnose the symmetry classification of magnetic materials and related properties.
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Tescan ion Implantation tool
Jeremie Silvent
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JE A SR A R AR ZEARDN s (4D s [ 0 TeA5 M A 24 K B0 4 e A A

2R

1. Zhang K*, et al. Nat. Mater. 2023; 22(6): 717-724.

2. Zhang K*, et al. Nat. Commun. 2025; 16(1): 25.

3. Zhang K*, et al. IEEE Electron Device Lett. 2023, 44(4): 686-689.
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(1) Junyan Wen, et al. Probing the Meissner effect in pressurized bilayer nickelate superconductors using
diamond quantum sensors. arXiv: 2410.10275 (2024).
(2) XIWIER. Bedm sk T IR B e T, YEAR 71, 066101 (2022).
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(I FFERENE « T Eu,CuMn Asg TEE JR RSN 5 Hh S B0 HE R (1) 22 W ARRAIE , W s v] BEA7 0 A8 LK 300 10
BN AR, BT YERIn s i A A SRR AR IR R B B R MR A Bo& e, T 451
BT SEPURT A B R 0 R AR AR A T Al .
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The novel properties of graphene honeycomb structure have spurred tremendous interest in investigating
other two-dimensional (2D) layered structures beyond graphene for nanodevices. In this talk, I will mentioned the
fabrication and properties of several 2D materials such as silicene, antimonene, magnetic VSe,, semiconducting
PtSe,, superconductor transition-metal-trichalcogenide HfTes, and charge density wave NbSe,, as well as quantum
properties for nanoelectronics and valleytronics will also be introduced. In addition, the stacking heterolayers for
ultrahigh denisty information storage, Majorana bound states and quantum computing will be also presented. The
precise structural configurations at atomic-resolution of these materials will also be introduced, based on the
measurements by several advanced techniques like XPS, LEED, STM/STS, AFM and STEM.
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AMX2: A New Family of Two-Dimensional Materials
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Hh ERFE BRI

Non-van der Waals (non-vdW) two-dimensional (2D) materials, characterized by strong in-plane and
interlayer covalent bonds, represent a new material paradigm in nanomaterial science. Unlike conventional vdW
2D materials (e.g., graphene, MoS:), non-vdW systems exhibit unique surface chemistry, defect feature, and
tunable electronic states, offering unprecedented opportunities in energy storage, catalysis, and quantum
technologies. However, their synthesis remains challenging due to the absence of intrinsic cleavage planes, and
their structure-property relationships are poorly understood compared to vdW counterparts. In this case, we try to
addresses three critical gaps: (1) developing reliable synthesis strategies to overcome strong interlayer interactions,
(2) uncovering atomic-level structural nature for surface/interface modulation, and (3) correlating structural motifs
with emergent electrical transport behaviors.

10
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Controllable nonreciprocal transport in 2D quantum materials
Song Peng
Nanyang Technological University

Conventional nonreciprocal electronic device, mostly semiconductor p-n junction, has been a cornerstone of
modern electronics and optoelectronic technologies. With the emergence of cryogenic applications, for example
guantum computing, similar nonreciprocal devices operating at low temperature is highly desired, because the
semiconductor p-n junction is not going to work well at very low temperature. In this talk, | will present our recent
research efforts in investigating nonreciprocal transport in 2D quantum materials, in which the nonreciprocity is
an intrinsic material property, instead of interface effects. |1 will discuss in detail how the nonreciprocal properties
can be actively controlled in various ways. Our results prove the versatile potential of utilizing novel physics in
guantum materials to develop cryogenic nonreciprocal electronics.
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12



H E M KK £ 2025 D44 T

D44-29
Emergent Magnetic Skyrmions and Tunable Anomalous Hall Conductivity in a Topological Semimetal
ZEH

KTl K2

Topological magnetic materials are expected to show multiple transport responses because of their unusual
bulk electronic topology in momentum space and their topological spin texture in real space. However, such
multiple topological properties-hosting materials are rare in nature . In this talk, we reveal the emergence of
magnetic skyrmions in MnsGes single crystal through detailed electrical transport and Lorentz transmission
electron microscopy (L-TEM) combined with ab initio calculations. First, we demonstrate that MnsGe; is a
topological ferromagnet with multiple nodal rings in its electronic structure. Second, our L-TEM experiments
reveal that the magnetic skyrmions appear in the (001) plane when an appropriate magnetic field is applied along
the [001] direction. Third, a large skyrmion-induced topological Hall resistivity up to ~972 nQ cm is observed
over a wide temperature-magnetic field region. Fourth, we find that the intrinsic anomalous Hall conductivity in
Mn5Ge3 shows switchable anisotropy with magnetization moment along different axes, and a large intrinsic AHC
of approximately 1053 Q-1cm-1 is revealed when the current is along [120] and the magnetic field along [001].
These results suggest Mn5Ge3 as a rare magnetic topological nodal-ring semimetal with great significance to
explore novel topological multifunctionality, which facilitate the development of spintronics.

D44-30
EAY R RS Rashba B iEHIERA B SHNEE

Higipk b, gt

1. FEREEEAR KR

Rashba HiEfliEf# G (RSOC) ST (SC) ZaMMURTE 7 IRH M ST 4L, &I ET
THE RAEFEH TR IR L AP RIERY . Rl BRI 5 8 K TR AL G- AR 1) A e, S BB B )
B Ak L H K s Bk, B, T KTaO; MK ELY) =R 45 Al —4E 8 T R4 (2DES)
RIHBRRIEF 5 ATEPERE RS, HAGTERH Rashba # S HALIHINE T &8 T KE
BT, I, FRATHE HfgsZros0./KTaO; (110) FHEISEHL I SC (T mig=0.62K) i RSOC HIFEE[1].
H: Bso BOGIRFARINT 7 AR (19T 3 126 T), @AM A EAFINE. X ¥ el SiEE S ER
RSOC #5& 1) Hfg5Zr050,/KTaO3 (111) F1i 2DES M7 &I, H3E FE MG w5 S Tz b
TR E e PUERR G U, H5 B e R T AR RS AT IR A SR A G P AR E S
Tt 018 SN A T — B B R I eI S F AR ke . [RIRE, AR E 5 S NAE N T 1% 2DES Hh LAY
(") Rashba #27E%! HiEZity, Hul DL T A RSN S, 70 B8 SAEH RS
. BATMBFTEERY, Hfy52Zr050,/KTa0s L 2DES HAH Fidh i 5 58 5 WA N I 5 o e %
i, RIS ) BT 8 B LUSRINE S I AT

RPN

[11 Y. Gan et al., Light-Induced Giant Rashba Spin—Orbit Coupling at Superconducting KTaO 3 (110)
Heterointerfaces, Adv. Mater. 35, 2300582 (2023).
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1 e PR F PR R L () B . REME IR A48 i S5 B LI e 2 IR AR B4R FH 5 2 5 SR K A 1)
PRI, SR SRR MR R B E A M A i e R o fEAR TR, BATVRIMHENESN R Y28
ThPtBi AJ [&] B it 7~ H K A ) #Av e 1 e e M Tl AR PR BB : 7E 300K/13.5T 244 T, HiA# M) Seebeck R 5
RF Tk 214 wVK-1/35 uWcem-1K-2, 5&EGMMRFN AR, 32 BORIE T XU A 20N
L IR A ) Seebeck FRIFEIRI DTk DA AP R OR I /R ffi o A BHE 300K/13.5T R R &
YNGR YRR, HOhA Seebeck REUKL DI F 738 251 vV K-1/24 wWcem-1 K-2, $#EiEHEY,
NYEREIWIAE, FEUETEM B AR S EAMERN BN T . A TAERIR TN & B R i 7 T 1 BT
7o

D44-32
SRR MRS R 105 T X by R
Rt
oA H A

VAR, PR TR AR Y & AR T S T BBy, Horp e B e Bs 2R ah i A 3L 2 A h
% E AR I S AR (Altermagnet) JENEI ANVEH o X SEPPRME A MR 1 2 FHRF O B e 1
SRS BT T B AR AR . SR, H AT SIS AT A R LT A AR R TN RMA R, ZIRTH
] A B A5 A NI AN MRS, T L) TSR R . R IX — SCBR R 1A R, AN T 00T P
WA FRME TR &, $eh TR T =48 B ANIHESE (Molecular Organic Framework, MOF) [ 52 £k
RV TE SR o I 5] NZ AR T, AT E T BA s nl AR R OUZ & 8 A HUESE A8 R A 1
R, SEOLT RS KR K2 E AR AL 77 17 AT o 1% o IR AS AR REAR AN U T TEHLAAR 2R A DL
PR, R L LS 1) B - Re AR SRR, AT RO — ARG R B i T3S AE AR B B A B A4 T %
BT st M ERE & o 20 R T ARG FE IR RLR G, R JE T o TR TR AR TR T
SHES AR E TE ERA K R BEA HEZ
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D44-34
SbeTes B 5 & 1) R AR R FB R KX B IR AL
BRbh b AR
1. Vo 2B
2. R K%

ITEEAE, JRANEZAR (Tis) TREHAMARF K HL 3 G5 R NUHT AR K D B I 1T 46 52 QU - AEIX I A, AT
WEFC T I EL ShyTes RLHLFE (MR) A A JE R R-TERG 1T (SdH) HiR% . WEUAEL, SRR
HLBEL RIS B S (45 D S . 4RI (E ab TR BER,, (£ 2.5 KA 9 T, foKRiHFLIAS] 220%. HIiEfRE
PHILERY], ShyTes A AR-T /I Berry AL, 383 LG AL be 1A ab [ iEFZ I 45 1) SAH Jk%
PATEIIRGIAHAIL, H. Berry AHRSARH /o 28— VEJR BTSRRI, Sb A1 AL BENS (L PR BESL I I
SIS S5, BRI 5% 170 S 4B s 1 T F BEL 2% 17 S PR O RS AL
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L = A B R O BEAT A 4 RS R RIA N B AL
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1. MARHER
2. RIINE by 71 7t b
3. KX K
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W - e = A1 AR B PR REAR B T BT s B TikVE M SS R ELAE R, 38 RELEMRARIR B T DRAFBOR IR »
Ak L RSO S DR e BRI A ) . IXSRAPRHE B I e BT, RIS 35 O AT, DR R AR
R ERAN . AFTFRIE 7 — RIVAH - = S TR AR G0 T B ORI 7T
HrpgLEEMRL, BA KB RE TH (S = 7/2), fEFHHRINE P WEBELL K =ML tLsh, 72/
EEAAHE TR, A AR A XA =Rl A ale R AR IR B AR A s s L R BL I 1, JRAN
i ] IR L, I A E T IR A S LS T 50 mK R RARIREE . FAIWE AT R B i%
FLIE = AR APRHE 2 K DU BB R TEE , IEINZ =M A WL 20T XA 7% R R i 7

D44-36
Spin-polarized p-wave superconductivity in the kagome material RbV;Sbs
WA
RN B 71 7 B

The study of kagome materials has attracted much attention due to the presence of many electron-electron
interaction-driven phases in a single material. In this work, we report the discovery of intrinsic spin-polarized
p-wave superconductivity in the thin-flake kagome material RbV3Sbs. A hysteresis in resistance as a function of
the applied in-plane magnetic field is observed, indicating the emergence of an intrinsic time-reversal
symmetry-breaking superconducting phase. Interestingly, a finite resistance state can be quenched to a
zero-resistance state by applying a large current within the hysteresis loop. Moreover, a magnetic field-driven
re-entrance of superconductivity is also observed. We suggest that the pairing symmetry, which is consistent with
the crystal symmetry and the observed novel properties, is a time-reversal symmetry-breaking, p-wave pairing
state with net spin polarization.
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PR LRI, T I XU AR BEAT FE S 00, THEEAS 2L T i A Ah Bl 7 23500 09 11.5
T M 2.9 To [N, AR AT I T Ve 00T B 3 IHRFAE i B 07 2% 17 S5 2k B A R Y 00
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PERSAS A 3 1k 2 18] (AR LA RO AN T ST RE T RIS AR .

FEXTULAEF, AR T Kagome #54& CsVaSbsHh B SRR [, 8 H T REFH [l 5 40 5
SZRPIAFR R AERINER BRI T, R BRI SRS WSR2 . EREENE, XFh
IR AT CLIE I AR BN AR Y oAb, AT SRR A 5 TN 1)/ T, LR B S FrOk 3 A
BN FATE 1IN [ S PR ARk (R 3 25 1A AT REARC YR DA SR SR IR R R AL, SRR s AN 321k
i FWELE CsVaSbsH I .
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D44-42
Third-Order Nonlinearity Induced by the Quantum Metric in WTe,
X
JEEURE

The quantum geometric properties of topological materials underpin many exotic physical phenomena and
applications. Quantum nonlinearity has emerged as a powerful probe for revealing these properties. Here, | will
introduce our recent work on the quantum metric quadrupole induced third-order nonlinear electrical response in
WTe,. Angle-resolved third-harmonic current-voltage characteristics are found consistent with the intrinsic crystal
symmetry of WTe,. Through temperature variation and scaling analysis, we identify the quantum metric
quadrupole as the physical origin of the observed third-order longitudinal nonlinearity. Additionally, we determine
the anisotropy of the quantum metric quadrupole, establishing third-order nonlinearity as an efficient method for
revealing the quantum metric structure.

D44-43
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SR A AR E 43 241 R Y FRURD 23 M FE TR T I, HAE R REZ: (<67 meV/f.u.) R IR T
S ATAT M o X AL TR O AR AR . ASTE AR A3 B ST A AT R B AR . 32
M Ga:Ses/MnPSes/GaSes — B A 45 MBI S AR M TARSLIL 7 2 SRS, FFI0IUE T I skl | e s
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Nonlinear transport in low-symmetry crystals is attracting growing interest. Tellurium (Te), with broken
inversion and mirror symmetry, provides a promising platform for nonlinear conductivity and Hall effects.
However, nonlinear magnetoelectric responses along two-fold rotation axis of Te remain largely unexplored, and
thermal contributions are often overlooked.

In this study, we systematically investigate nonlinear responses in high-quality Te nanosheets under magnetic
fields. Strikingly, the nonlinear signal reaches its maximum under out-of-plane magnetic fields, in contradiction
with prior symmetry-based expectations. Moreover, in a 12-terminal disc device, we observe opposite nonlinear
voltages on symmetric electrode pairs, highlighting the significant role of thermal effects.

Our findings reveal the intertwined nature of magnetoelectric and thermal effects in nonlinear transport,
offering new insights into their coupling in low-symmetry materials.
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BABINGE (6 mW em?) BRETTR, Bt A0 5 1 PdSe, 't FELERIN 2o 7 2 14 3 34.43 AW™, 17t /& T A kb
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Nonlinear valley and spin valves in bilayer graphene
Xin Liao,Xingyu Liu,Angi Wang,Qing Yin,Tongyang Zhao,Zhimin Liao*
Peking University

Nonlinear transport plays a vital role in probing the quantum geometry of Bloch electrons, valley chirality,
and carrier scattering mechanisms. The nonlinear Hall effect, characterized by a nonlinear scaling of Hall voltage
with longitudinal current, has been explored to reveal the Berry curvature and quantum metric - related physics.
In this work, we extend the study of nonlinear transport to spin and valley degrees of freedom. Using bilayer
graphene devices with Fe;GeTe, contacts, we observe a second-order nonlinear spin current exhibiting
spin-valve-like behavior. By tracking magnetic moment precession under an inplane magnetic field, we identify a
significantly enhanced critical magnetic field required for in-plane rotation, suggesting out-of-plane valley
polarization induced by ferromagnetic proximity. These findings offer deep insights into the interplay of valley
and spin in second-order nonlinear transport, opening avenues for promising device applications.

D44-P10
Charge density wave modulated third-order nonlinear Hall effect in 1T-VSe, nanosheets
Zhaohui Chen,Xin Liao,Jingwei Dong,Xingyu Liu,Tongyang Zhao,Dong Li,Anqi Wang,Zhimin Liao*
Peking University

We report the observation of a pronounced third-order nonlinear Hall effect (NLHE) in 1T-phase VSe,
nanosheets, synthesized using chemical vapor deposition (CVD). The nanosheets exhibit a charge density wave
(CDW) transition at about 77 K. Detailed angle-resolved and temperature-dependent measurements reveal a
strong cubic relationship between the third-harmonic Hall voltage and the bias current , persisting up to room
temperature. Notably, the third-order NLHE demonstrates a twofold angular dependence and significant
enhancement below the CDW transition temperature, indicative of threefold symmetry breaking in the CDW
phase. Scaling analysis suggests that the intrinsic contribution from the Berry connection polarizability tensor is
substantially increased in the CDW phase, while extrinsic effects dominate at higher temperatures. Our findings
highlight the critical role of CDW-induced symmetry breaking in modulating quantum geometric properties and
nonlinear transport phenomena in VSe,, paving the way for future explorations in low-dimensional quantum
materials.

D44-P11
Quantum spin Hall effect and correlation in TalrTe,
Yilin He,Xingyu Liu,Jingzhi Fang,Zhimin Liao*
Peking University

The interplay between topological physics and correlated electron states has emerged as a pivotal research
frontier in condensed matter physics. Here, we investigate monolayer TalrTes, a quantum spin Hall insulator,
where electron correlations induce novel electronic phases. Using metallic electrodes, we observe dual peaks in
the longitudinal resistance—one at the charge neutrality point and another under electron doping—signaling an
insulator-metal-insulator transition. This behavior suggests the formation of a correlated insulating phase mediated
by an intrinsic charge density wave (CDW). Remarkably, with graphite electrodes, we detect a quantized
resistance plateau of h/2e= consistent with the expected quantum spin Hall edge state. Our findings establish
TalrTe. as a unique platform that intrinsically integrates topology and strong correlations, where the CDW
superlattice naturally generates topological flat bands without requiring intricate moiré engineering. This system
offers new opportunities to explore correlated physics and topological phases.
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Tunable non-relativistic spin splitting in 2D MnPX3 /Ga, X3 (X =S, Se) altermagnetic heterojunctions via
ferroelectric polarization switching
Yabin Xie
Nanchang University

Recent advances in altermagnetic materials have opened new avenues for investigating the interplay between
magnetic ordering and electronic structures in quantum materials, owing to their unique non-relativistic
spin-splitting characteristics. This study proposes an innovative strategy for achieving electrically controllable
spin splitting through the design of a two-dimensional van der Waals heterostructure composed of altermagnetic
MnPSes and ferroelectric GazSes. First-principles calculations reveal that the MnPSes/Ga.Ses heterostructure
exhibits pronounced anisotropic spin splitting under distinct polarization states (P+/P-). Ferroelectric polarization
reversal induces interlayer charge redistribution, enabling inverse modulation of both the energy-band range and
splitting magnitude for spin splitting, with a low energy barrier (<67 meV/f.u.) suggesting experimental feasibility
for polarization switching.This electrical control mechanism originates from the synergistic interplay among
magnetic sublattice symmetry, intrinsic polarization fields, and interfacial charge redistribution. Furthermore, a
symmetric-engineered Ga.Ses/MnPSes/Ga.Ses sandwich structure demonstrates multistate magnetoelectric
coupling, while sliding ferroelectricity is shown to enhance spin splitting by up to 31.5 meV. Our work provides a
theoretical foundation for developing atomic-scale spintronic devices integrating non-volatile memory and logic
functionalities, highlighting the potential of 2D heterostructures in magnetoelectric coupling and quantum
manipulation..
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