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Fig. 1. Lattice structure of the bilayer honeycomb ferromagnet: (a) Side view; (b) top view; (c) the lattice vector, the nearest and

next-nearest neighbor vectors, 8, and ¢ , are represented by red and blue arrows, respectively; (d) the high symmetric path

M-K'-I'-K-M 1in the first Brillouin zone.
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Fig. 2. Magnon band structures of the bilayer honeycomb ferromagnet: (a) Jo =0.1; (b) Jo =0.245; (¢) Jo=0.3; (d) Jo =
0.505; (e) Jo = 0.9, the other parameters are set to IV = 0.1, J1 = J2 = 0; (f) gaps as a function of Jy .
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Fig. 3. Berry curvature of the lowest band in a bilayer honeycomb ferromagnet: (a) Jo =0.2; (b) Jo=0.5; (¢) Jo =0.51;
(d) Jo =0.8. Berry curvature of the highest band in a bilayer honeycomb ferromagnet: (e) Jo = 0.15; (f) Jo = 0.24; (g) Jo =
0.25; (h) Jo = 0.8. Other parameters are set to I'=0.1 and J; = J2 =0.
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Table 1.  Corresponding Chern numbers of magnon band structures.
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Fig. 4. Chern number as a function of the intensity of interlayer exchange coupling interaction Jy for the different intensity of in-
terlayer easy-axis anisotropy interaction: (a) The lowest band; (b) the highest band, the other parameters are set to I'" = 0.1,
Ji=J2=0.
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Fig. 5. Chern number as a function of the intensity of the interlayer exchange coupling interaction Jo and Ji: (a)-(d) Corres-

pond to four energy bands from high to low energy, the other parameters are set to I'" = 0.1.
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Fig. 6. Chern number as a function of the intensity of the interlayer exchange coupling interaction Jo and D : (a)-(d) Correspond

to four energy bands from high to low energy, the other parameters are set to I = 0.1.
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Fig. 7. (a) Thermal Hall conductivity as a function of tem-
perature under different intensity of interlayer exchange
coupling interaction Jo with I'=0.1, J; = J2 = 0; (b) th-
ermal Hall conductivity as a function of different intensit-

ies of interlayer exchange coupling interaction Jo .
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e, ARSCHE T 2RI A H B AR 2
[F1) 5 b 45 1) Sk A EL A X s 4R R 55 R
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FE B FH E AR 2k B AN, Bk F—ANEE,
B Jo 50 BE B AR Ak i 2 218 R G0 & A F MR AR B )
Jo B BE I FHE TG K A R AR, (A58 kAR
k. X FRIATFESUZ e s IR T 2G84 dh
FRZE B 25 LR 20 R R AR R), R P2 A T
IR RBAT S B RS LA, 18 R G0 b HEsi 2 ]
ShiM A 1) SR AR A P 17 23 BELRS AUZ e s R kg
TR & A FMEAE , M5 A JZ 18] 28 ekl A A0 HAE
Ty F Ty S8R T 0 B A Ak | S N W IRk
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AR SCAIF 5 SR BB % AR FH U2 06 3 R 4k b

LA 2R R 1 L BEA A AR S S B P I B 52
5, 8 A i SR (A SR S R LA P A i R R
i FBEHR T RO R BALRIBE YT, WRERE AT
HA U2 Bl R GRS RS B 2% TRl
RELR SRR R, AT LU 1 2 8] [ R SE B2
(] S Al AH LA SR BE R PR = 1S 5 A
AR i R 0 3 8 R AN TR S22 22 8 R A AT LA
SREE, HA R AR Y 5 R A —E AR b n] LUAIHR
BT R TEIROR AT DA IA, BIJZ (5] 5S4 5 AH
B A PR R B A 2 18] ) ARl N T O, (E R R Y
P TN S BARCRUL, SR E] AR /N
H TR 2 ) ) LR B AR AR R s 2, A
23 T BUZ W] SRR G AH B AT 5 B s 4 R AR
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BAE SR Rt — R, A, 252 ] [ K
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i, o TR Z 1] AR AR 2 AR s, Rt
J2 IS R 5 R LA P 53 8 (9728 A m] BEAS P 2. 3%
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A ARF ] 25 7 I AR ORI S 4%,
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Abstract

Layered magnetic topological materials are material systems that exhibit both magnetic ordering and
topological properties in their smallest two-dimensional units. Studying these systems may lead to the
observation of new physical properties and phenomena, which has attracted considerable attention from
researchers. The effect of interlayer exchange coupling interactions on bilayer honeycomb Heisenberg
ferromagnets with interlayer coupled topological phase is investigated by using linear spin wave theory. The
influence of introducing two additional types of interactions, i.e. interlayer exchange coupling interaction and
interlayer easy-axis anisotropy interaction, on the topological phase transition are also explored in this work. By
calculating the magnon dispersion relations at various interlayer exchange coupling interaction intensities, it is
found that the band gaps of high energy band and low energy band both close and reopen at the Dirac points
when the system reaches the critical value of interlayer exchange coupling interaction. In magnon systems, such
physical phenomena typically relate to topological phase transitions. When calculating the Berry curvature and
Chern numbers for the bands in the aforementioned process, it is found that the sign of the Berry curvature
reverses and the Chern numbers change when the critical value of interlayer exchange coupling interaction
strength is reached, confirming that a topological phase transition occurs indeed. Introducing two other types of
interlayer exchange coupling interactions in this process can lead various novel topological phases to occur in
the system. The enhancement of interlayer easy-axis anisotropy interactions is likely to impede the topological
phase transitions occurring in the system. We find that a major distinction between bilayer honeycomb
ferromagnets and their single-layer counterparts lies in the fact that during a topological phase transition, the
sign of the magnon thermal Hall coefficient does not change; on the contrary, abrupt shift in the thermal Hall
coefficient curve occurs which can be seen as an indicator of topological phase transition of bilayer honeycomb

ferromagnets, and is also reflected in the change in magnon Nernst coefficient. The research results of this work
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can provide theoretical support for developing novel spintronic devices with enhanced information transmission

capabilities by using bilayer honeycomb ferromagnetic materials, and can also provide theoretical reference for
studing other bilayer ferromagnetic systems.
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