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Abstract

Spin wave is the collective magnetization oscillation of ferromagnes. Twisted spin waves carry or-
bital angular momentum, which is characterized with spiral wave front. The orbital angular mo-
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mentum of twisted spin waves is parallel to the average direction of the wave vector. Therefore,
the orbital angular momentum is called longitudinal. Here, we report spin waves carrying trans-
verse orbital angular momentum in ferromagnetic nanostrips. The initial magnetization is uniform-
ly along the long axis of the nanostrip. Then a pulse field, swinging in the plane perpendicular to
the long axis of the nanostrip, is applied to the sample. After fast Fourier analysis on the dynamic
magnetization oscillation, the spectrum of spin wave mode is obtained. Subsequent inverse fast
Fourier analysis obtains the spatial distribution of the spin wave modes. The influences of the
swing angle, direction of the plane hosting the swing field and thickness of the nanostrip are also
taken into consideration. We also studied the interference of two spin waves carrying transverse
orbital angular momentum.
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Figure 1. The initial magnetization distribution in a ferromagnetic nanostrip with a length of 2200 nm and a width of 100 nm,
as shown by the arrow
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Figure 2. FFT amplitude spectrum of spin waves in ferromagnetic nanoribbons after applying a
swinging field on the sample
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Figure 3. Amplitude and phase diagrams of spin waves with resonant frequencies of 12.05, 14.65, and

17.55 GHz, respectively
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Figure 4. Variation of theyand z components of the continuous swinging field. The field frequency
is 14.65 GHz, and the time duration is 3 ns.
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Figure 5. Amplitude and phase diagrams of spin waves in the ferromagnetic nanostripe after applying a
swinging field with frequency of 14.65 GHz
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Figure 6. Isophase Lines at Different Times within a Swing Field Period

6. — MR E AR E R ZIE SR AL E

Horh RO EAGREARNI LR, S5 A LR 0 P i 70 T3 A 12 2% S5 AR o 2 _E A I s 5 K 1) s RIR e /)
R, v DR 0 o Pl 2 S AR 2 TR IR S5 K FR) A, P DR € [t P P2 SR T T LA A2 R K 0L
i, 77 13 EAA AN AL HA W+ TR > WIS Y, SEAR AL AR 5 K I m RS T
B BB KT B A B, SR RN B UKL T B B PR i (I AL E, T B R BB AT AN S

DOI: 10.12677/cmp.2023.124009 78 RSV R


https://doi.org/10.12677/cmp.2023.124009

RRIR, LT

W, RUEAFE AR AL 2 BRI /N R I BRAERE Y B0 S, A IHRERE S R iA %k, R THIRA T B S AR AL
LR HIRIE B REAT VELI /0 A . t= 2658 ps I, IRIGIEI B 14 SKS5MALL, BH N H HERS , A IS5 AH AL
LIZHARE A A IS SN, R ARSI ALZRIZHT K, B R SE A AL 2 0 S RN 13 5%, BlJE, R
b BT I 2R SEAR AL, RE A T SRR 2R B S BRI E B 14 2%, BEE AR, P ISEAR AL
kB A fh A A, FELRRL 68 ps Ja, MBS ITMRIAA KL B BLKSEA AL A sh ) T ROR S — 2%
SEMALZL T AE AL E, TR S — 2R S ML A B 21 T JFORER — R S 2R B AE O L L, i A S A
P2 VLIL I, WA A S EEA TR, B 5 t = 2658 ps I FE i A S AR AL R IO HE B A AR A . 3X
e, SERNL LIS B JE A2 68 ps, N 1] ) B 1E 472 #2 8l 7 A FH — A Ja ST o ]

N T IR BISEAR AL 2 AN F R SRS IR /N, SRATTRI AT 7 =4E AR, il 7 s

t=2658 ps
/ /
‘ ‘ / I & ’ '// i . B
’l“/llw / /’ d /I §
N /3 / v v 4 (" i 4 / v Y >
t=2674ps 8
es]
=
‘ N g
N\ ! / b \ 8 %
t=2690 ps =1
4 Y R
i .
1/1/ I// (] 4 II "
¢ % / /
N ¢ ! v v Iy i v v / X
t=2706 ps
y
4 4 ; (: 3
t=2722 ps
¢ / v 1
/ [ ‘ 7 1 { y
oy Y Yy i / I
y { {
s, | v v / v " : v ! “ A
t=2726 ps

4% i , J )
ﬂh/l " ’ { Y ¢ ] \
N 8

Figure 7. A three-dimensional bar chart of equal phase lines
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Figure8. Interference of Two Spin Waves Carrying Transverse Orbital Angular Momentum in Space
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