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Abstract

In ferromagnetic samples with continuous rotational symmetry, the propagation direction of the
spin wave with orbital angular momentum is parallel to the angular momentum. In this paper, we
report the spin wave modes with orbital angular momentum in ferromagnetic nanoribbons without
continuous rotational symmetry. Its angular momentum direction is not only perpendicular to the
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wave propagation direction, but also reverses once in every half of the propagation cycle. In our
study, the micromagnetic numerical simulation and theoretical analysis are combined to establish
the analytical solution of the spin wave mode with transverse orbital angular momentum, and the
feasibility of the analytical solution is discussed. Our work provides theoretical support for under-
standing the topological properties of spin waves with transverse orbital angular momentum in
two-dimensional nanoribbons.

Keywords

Twisted Spin Wave, Longitudinal Orbital Angular Momentum, Two-Dimensional Spin Wave

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

#5317 9 £ 3 & (Orbital Angular Momentum, OAM) G [1]-[3]. FET#E[4]. A 51 7k [6]7E
AR T2 W98 . PUBEMBNE DT I8 SE LR T W —80 I IR 2h E PR e N R 0E
B, 2019 4, C. L. Jia S A[71 8 IRAEWERBEMEGOR AR TS T 5 O HuE A s B k. 2
HAT AL, 3505 5008 M 2l & 1) B RS R A TE T H A S 0 R () [E AR R [8] . X BRI 1 e
FATWZ @RI BT, DR T AR i e e dat o JEC 38k R T (0 AR S 1 20 A iR B AT e IR, o
@ AN, | IR ER P EE A B E TR (AR M) . T A A s EE TN 12, (H2
AT B TR I IE A SRR T U TR IR AT 2N, IRERE R TS e (E
AL BRI 4 25 A S At B A N 739]

AR, WHAEAEARRR R T H0E M0 7= B e . eI AE . ZIREEE
B3, B R 2 S8R BhE IR )43 8 o 25 e RN AE 25 18] L S B HE AR e AR AL 45 44,
WA LRI R EAS I HOE fhiE, BB mUE M. IR A EUE 2 s I LIS T AR Sk
W AN EAGEAERETT MAEAE” BIWLE, NIEEhERIEITRE 7O E HEE. 2023 4F, H. Ge %5 A[10]
I AEE Bessel BRI 73 P AR BE G, SIS I R I BIUTE AR B B AR S TS, IR
OAM 15 3R it 7B s . 77 RIS SR [L1 @k ek pp BT 28 7= A T #5A5 B OAM IRIE 25 i e 6%,
HE R T ARG A, R T BIE B AT TR AL T SEIGIGAIE . IR SR S [1 2] FH RS B e
THEREEMEAUK S PO SR RIS A A M UTE M B R B RS . XA R R, HPGE M B E T
TERA PR NSRBI, BRI T ¥ B liesh 15

SR, DA I 3 B R AR T HOE Mzl & B e RO RS R R, AR BRI B IR AR 5 LA
Sk B AT, FRATIRI g 2 B R T A5 R ) P F B R eSS B R, R
TR AT
2. HEmiRE

AT G Ak & RER K 2200 nm, 98 100nm. JE 5nm, HAJESBFEINE 1 Fix. BRI
AN T SRR I 3 T IR ZE 7075 H) OOMMF B fF[13], HAZ it HAR AL T Landau-Lifshitz-Gilbert
(LLG) iRk ik b ) f1 % . {ERRLERE, FAT] B2 FR I AN EAE I, B IS Al BAE A .
B S SR EE DR SNINBEA R . WA SRS HORE N AR TR E K =00/m®, 1

DOI: 10.12677/cmp.2024.133005 36 PRI 23


https://doi.org/10.12677/cmp.2024.133005
http://creativecommons.org/licenses/by/4.0/

ARG TRE M, =8.0x10° A/m, M EAEH #% A=1.3x10"I/m, [HE &% =0.01. FEfpiklanN
2 x 2 x5 nm3 RIS T T R B REIECERE a9 S BT AR R SO, BRATTEEGRR AT R P o 20l B B T 10
ANTERE 10 nm 1) B BB X IR MRS PRI TTAR, RIS X I B R ek 1.0, 0.82. 0.65.
0.5. 0.37. 0.26. 0.17. 0.1. 0.05 1 0.02.

L =2200 nm y

Figure 1. Schematic diagram of ferromagnetic nanoribbons with a length of 2200 nm, a width of 100 nm and a thickness of 5
nm. The black arrow indicates the initial state of uniform magnetization of the sample along the +x direction, the red box
indicates the application area of the excitation magnetic field, and the left and right blue boxes indicate the spin wave absorption
area with a width of 100 nm
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Figure 2. Time dependent changes of y and z components of the oscillating magnetic field (frequency @/2rn =48 GHz)
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Figure 3. Spin wave spectrum obtained by applying a period of oscillating magnetic field to the sample and performing fast
Fourier transform on (m, )
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Figure 4. Amplitude distribution figure 4 (a) and phase distribution figure 4 (b) of spin wave mode with intrinsic frequency of
14.46 GHz
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Flgure 5. Schematic diagram of local approximate rotational symmetry of strip shaped nanobelts
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Figure 6. The angular phase component ¢ of the spin wave with an eigenfrequency of 14.46 GHz after total phase separa-

tion is shown in (a); (b) shows the phase rotation diagram of each singular point along the X axis (the blue arrow is left-hand
rotation, and the green arrow is right-hand rotation)
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Figure 7. Rotation diagram of polar coordinates along the propagation direction (x direction) (blue and green arrows indicate
that the phase increases counterclockwise and clockwise respectively)
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Figure 8. Phase distribution (a) and amplitude distribution (c) of static micromagnetic simulation of 14.46 GHz spin wave,
phase distribution (b) and amplitude distribution (d) of theoretical calculation
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Figure 9. 14.46 GHz spin wave simulation phase and theoretical calculation phase error
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