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Fig. 1. (a) Top and side views of the crystal structure of monolayer CeBry; (b) electron localization function (ELF) of monolayer

CeBry; (c) phonon dispersion curves of monolayer CeBr, calculated along the high-symmetry paths in the first Brillouin zone;

(d) first Brillouin zone of the honeycomb lattice with reciprocal lattice vectors b; and ba ; (e) schematic illustration of the orbital

energy-level distribution of Ce atoms in monolayer CeBr,.
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Fig. 2. (a) FM and AFM spin configurations of monolayer CeBr,; (b) angular dependence of the MAE of monolayer CeBr, with the

magnetization direction confined to the zz plane; (c¢) three-dimensional bar chart showing the f-orbital-resolved contributions to the

MAE of monolayer CeBr,.
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Fig. 3. (a) Band structure of monolayer CeBr, without spin-orbit coupling (SOC), where the green solid lines and blue dashed lines

represent the spin-up and spin-down energy bands, respectively; (b) projected band structure of monolayer CeBr, with SOC; (c) an-

omalous Hall conductivity of monolayer CeBry; (d) spin Hall conductivity of monolayer CeBrs,.
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Fig. 4. (a) Energy difference between AFM and FM states of monolayer CeBr, as a function of Hubbard U; (b) MAE of monolayer

CeBr, versus Hubbard U; (c) valley splitting at the valence band maximum and conduction band minimum of monolayer CeBr, as

a function of Hubbard U; (d) band gap of monolayer CeBr, versus Hubbard U.
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Fig. 5. (a) Energy difference between AFM and FM states of monolayer CeBr, as a function of strain; (b) MAE of monolayer CeBr,

as a function of strain; (c) valley splitting of monolayer CeBr, as a function of strain; (d) orbital magnetic moment of the Ce atom

of monolayer CeBr, as a function of strain.

T A A 3 Pl N A A AR Ak s B {HLTE
AR ZSXT B S LA B 24 RE.

WAk, Ce J—F 4 9L 16 6 I AUl 7 A% T A= 24
E RS (K 5(d)), M —0.974us (€ = —5%)
BWAEE R —0.982up (¢ = +5%). X—A{b S T
XU R AE%F Ce Jaydel B 12509 OB, Hoa e
MAE [ 8USth1 Ry 28 i) R AR 7, e [m]48 75 17 00 Rz
A3 e P T R Rk R R S A A R
PRIWOWAILTR. Z5 b, XUh A% AT 7E — 5 3 il N i 2L
P CeBry HIREAS 10 5P L Ak S G, H
NS AR, TR AR RAEZ Dfe N A5 1]
FE A R N IV .

4 £

2 i

ARICFETH—VEEHITR, RGO T )R
CeBr, WZEHIRRREE | BE~A 1R . B T45H S AR
WAL Shmia itk #5ERY, = CeBry N—FiH
TIRAIE —HEERAS PR, BT RIS | 3027

Mzh ¥ he et HekmE A Ce-4f/5d 5 Brp
BB BB E T £ S, IR 80 H BA 8 A v PN
#1050 (MAE = 111 meV). 75 H iE-HuB i a1k
HF, RRFEMHT K5 K S =A42) 38.7 meV
M) H R BB XM = IRk A Ae e, PRRE T
BATE ST RS vE. I RINHE R T ik
FEREABHE A AE R A R B /R S5 HEER
HL, T 25 H T LI (9 v A 5 1 RS AU, 2
B RCW B RBON B2, A, B ST E
Hubbard U Z %056 in AN AL, RE %4 T H
T KI5 AN R AR X W A R s R 4 SRR
YA TOCIEREE (U = 7—8 eV) BESIHLRE &
] S0 5 A AR I SR Ak TR 5% 18 U i AR
TR N, b S RS 1) S T gk s s,
BREESEASRAFRROE, B 29 B i IR) 8 42 B4 v
T RTAER O A B SRR T — 12
AR WAL . B fa e v m s B, i H A BE B
B BT ORI K AN S 2, AL T X
ok Sk /L RN E DN R=RSSER il = e D I

150706-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 15 (2026) 150706

AN A PR, X gk B3R T CeBr, A [14] Hedjar H, Meskine S, Boukortt A, Bennacer H, Benzidane M
N R 2022 Comput. Condens. Matter. 30 e00632
N - I e = e A
Gyt ARDIREAT F e Fan R 1 T SRRy she [15] Cheng H X, Zhou J, Ji W, Zhang Y N, Feng Y P 2021 Phys.

RIES5HEEG. Rev. B 103 125121

[16] Sheng K, Yuan H K, Wang Z Y 2022 Phys. Chem. Chem.
Phys. 24 3865
% Y [177 WuHF, Yan R F, Chen Y K, An Y K 2024 J. Magn. Magn.
SE 3 Mater. 611 172600

[1] Schaibley J R, Yu H Y, Clark G, Rivera P, Ross J S, Seyler [18] Chen Y K, Zhao X S, An Y K 2024 Phys. Rev. B 109 125421
K L, Wang Y, Xu X D 2016 Nat. Rev. Mater. 1 16055 (19] Anderson P'W 1950 Phys. Rev. 79 350
[2] Xiao D, Chang M C, Niu Q 2010 Rev. Mod. Phys. 82 1959 (20] Dong L, Lou J, Shenoy V B 2017 ACS nano 11 8242
[3] Tong W Y, Gong S J, Wan X G, Duan C G 2016 Nat. [21] Lang H F, Zhang S Q, Liu Z R 2016 Phys. Rev. B 94 235306
Commun. T 13612 [22] Zhao P, Ma Y D, Lei C A, Wang H, Huang B B, Dai Y 2019
[4] Huang B, Clark G, Navarro Moratalla E, et al. 2017 Nature Appl. Phys. Lett. 115 261605
546 270 [23] Xie W F, Wang L B, Xu X, Yue Y L, Xia H Y, He L H,
[5] Gong C,Li Z L, Li Z, Ji HW, Stern A, Xia Y, Cao T, Bao Wang H 2025 Acta Phys. Sin. 74 227502 (in Chinese) [#ffF
W, Wang C Z, Wang Y, Qiu Z Q, Cava R J, Louie S G, Xia B, R, VP, Emss, HAH, R, FHE 2025 YU
J, Zhang X 2017 Nature 546 265 74 227502]
[6] Sheng K, Chen Q, Yuan H K, Wang Z Y 2022 Phys. Rev. B [24] Zhu J X, Guo S D 2025 J. At. Mol. Phys. 42 026005 (in
105 075304 Chinese) [k, 38 = #k 2025 B F 54> 79 B 2% 4R 42
[7] Sun H B, Ren Y W, Wu C, Dong P Q, Zhang W X, Wu Y Z, 026005]
Li P 2025 Phys. Rev. Appl. 23 034032 [25] Blochl P E 1994 Phys. Rev. B 50 17953
[8] Wang Y D, Sun H B, Wu C, Zhang W X, Guo S D, She Y C, [26] Kresse G, Furthmuller J 1996 Phys. Rev. B 54 11169
Li P 2025 Phys. Rev. B 111 085432 [27] Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett. 77
[9] SheY C, Wang Y D, Sun H B, Wu C, Zhang W X, Li P 2026 3865
Phys. Rev. B 113 035420 [28] Li S J, Hou Y F, Zhou M, Zheng F W, Shao X H, Zhang P
[10] Sun Z H, Guan H M, Fu L, Shen B, Tang N 2021 Acta Phys. 2023 J. Appl. Phys. 134 213901
Sin. 70 027302 (in Chinese) [PhELIR, EWSH, 15, Wik, T [29] Togo A, Tanaka 1 2015 Scr. Mater. 108 1
2021 PIHE2ER 70 027302 [30] Marzari N, Mostofi A A, Yates J R, Souza I, Vanderbilt D
[11] Mermin N D, Wagner H 1966 Phys. Rev. Lett. 17 1133 2012 Rev. Mod. Phys. 84 1419
[12] Jungwirth T, Sinova J, Manchon A, Marti X, Wunderlich J, [31] Li P, Wu C, Peng C, Yang M T, Xun W 2023 Phys. Rev. B
Felser C 2018 Nat. Phys. 14 200 108 195424
[13] Guo S D, Zhang L G, Zhang Y W, Li P, Wang G Z 2024 [32] Thouless D J, Kohmoto M, Nightingale M P, den Nijs M
Phys. Rev. B 110 024416 1982 Phys. Rev. Lett. 49 405

Strain and correlation effects modulate the valley
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Abstract

The valley degree of freedom, as an intrinsic electronic property analogous to charge and spin, has emerged
as a promising carrier of information in next-generation low-power and high-efficiency electronic devices.
Achieving robust and controllable valley polarization is a central challenge in the development of valleytronics.

Ferrovalley materials, characterized by intrinsic magnetic ordering that breaks time-reversal symmetry, are
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particularly attractive because they can generate spontaneous valley polarization without the need for external
fields. In this work, based on first-principles calculations within the framework of density functional theory, we
systematically investigate the structural stability, magnetic properties, electronic structure, and wvalley
polarization behavior of a two-dimensional CeBr, monolayer.

Our results demonstrate that monolayer CeBr, possesses excellent thermodynamic and dynamical stability,
as confirmed by total energy analysis and phonon dispersion calculations. The system exhibits a ferromagnetic
ground state with a Curie temperature exceeding room temperature, indicating its suitability for practical
applications. In addition, a pronounced in-plane magnetic anisotropy is identified, which plays a crucial role in
stabilizing long-range magnetic order in two-dimensional systems. When spin—orbit coupling is taken into
account, the degeneracy between the K and K’ valleys is lifted, leading to a spontaneous valley splitting at the
valence band maximum. The magnitude of this splitting is significantly larger than the thermal fluctuation
energy at room temperature, ensuring robust valley polarization under ambient conditions. Furthermore, Berry
curvature calculations reveal the presence of nonzero anomalous Hall conductivity and spin Hall conductivity
near the valley regions, indicating that monolayer CeBry can host the anomalous valley Hall effect and related
spin-dependent transport phenomena. These features highlight the coexistence and coupling of multiple degrees
of freedom, including charge, spin, orbital, and valley, in this system.

To explore the tunability of its physical properties, we further investigate the effects of electron correlation
and external strain. By varying the Hubbard U parameter, we find that enhanced electron correlation
strengthens both magnetic anisotropy and valley polarization, reflecting the important role of the localized 4f
electrons of Ce atoms. Meanwhile, the application of biaxial strain within a range of +5% enables continuous
modulation of valley splitting and magnetic anisotropy without altering the ferromagnetic ground state,
demonstrating excellent mechanical and functional robustness. Overall, this study identifies monolayer CeBr, as
a promising two-dimensional ferrovalley material with large valley polarization, high thermal stability, and
strong tunability. The results provide valuable insights into the interplay between electron correlation, spin-
orbit coupling, and lattice deformation, and offer theoretical guidance for the design and optimization of
multifunctional valleytronic and spintronic devices based on rare-earth halide systems.
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