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Chiral magnon in ferromagnetic chiral crystals

Dapeng Yao' and Takehito Yokoyama'

! Department of Physics, Tokyo Institute of Technology,
2-12-1 Ookayama, Meguro-ku, Tokyo 152-8551, Japan

We theoretically propose chiral magnon in ferromagnetic chiral crystals. We show that the crystal
chirality is imprinted in orbital angular momentum of magnons which exhibits the opposite signs
for opposite chiralities of the crystal. We also show that a finite magnon orbital angular momentum
can be induced by a temperature gradient which is a magnonic analogue of the Edelstein effect.

Chirality is a fundamental property of an object not
identical to its mirror image by breaking of reflection or
inversion symmetries. Chirality of a lattice structure,
which has either a right-handed or left-handed helix, not
only leads to the chirality-induced spin selectivity ef-
fect [1-4] on the spin degrees of freedom, but also induces
an orbital magnetization by an electric current [5, 6].
Crystals with chirality exist in nature such as tellurium
or selenium. Due to the low crystallographic symme-
tries, electricity and magnetism can be coupled in these
chiral materials, leading to novel orbital effects. For in-
stance, a current-induced orbital magnetization has been
measured in nonmagnetic elemental tellurium [7, 8], and
an hedgehog orbital texture can be found in p-type tel-
lurium [9].

Chiral phonons characterized by circular motions of
ions carry phonon angular momentum, and they pos-
sess chirality due to the low-symmetry crystal struc-
ture [10-13]. Such circular rotations also emerge in
a three-dimensional (3D) chiral crystal and propagate
along the screw chain [14]. Moreover, various uncon-
ventional physics related to phonon angular momentum
have been investigated, such as couplings between chi-
ral phonons, electrons, and magnons [15-20], the phonon
Edelstein effect [21], the phonon rotoelectric effect [22],
the chiral phonon diode effect [23], and chiral phonon-
induced spin current [24-26].

Similar to orbital effects of electrons or phonons,
magnons as magnetically collective excitations show an
orbital angular momentum, which results in a macro-
scopic orbital magnetization [27]. In the recent works,
the orbital angular momentum (OAM) of magnons has
been explicitly formulated in collinear magnets [28-30].
Different from spin magnetization as the projection of
spins onto the quantization axis, OAM of magnons de-
rives from the rotation of the perpendicular compo-
nents of spins in analogy with phonon angular momen-
tum [28, 29]. Recent works on magnon OAM include
OAM of the twisted magnonic beams [31], generation of
magnon OAM by a skyrmion-textured domain wall in a
ferromagnetic nanotube [32], and intrinsic magnon or-
bital Hall effect [33].

In this Letter, considering the interplay between ex-
change interactions and a chiral crystal structure, we in-
troduce a spin model with a chiral exchange interaction
in a 3D chiral crystal with chirality. Then, we theoreti-
cally propose a chiral magnon with an OAM. The crys-

tal chirality is imprinted in OAM of chiral magnons. In
the presence of time-reversal symmetry, the total magnon
OAM as a summation over the whole Brillouin zone van-
ishes in equilibrium because the magnon OAM of each
mode is an odd function of the wavevector k by time-
reversal symmetry [28-30]. Nevertheless, we show that a
finite magnon OAM can be induced by a temperature
gradient, leading to a magnon orbital Edelstein effect
(MOEE). This effect is an orbital version of the magnonic
analog of the Edelstein effect [34], and analog of the Edel-
stein effect in electric [5, 6, 35] or phononic [21] systems.

In order to combine the crystal chirality and ferromag-
netism, we consider a 3D chiral crystal structure com-
posed of infinitely stacked two-dimensional (2D) honey-
comb lattice layers as shown in Fig. 1 [5, 6]. The crystal
structures have two distinguishable helices with the left-
handed helix in Fig. 1(a) and the right-handed helix in
Fig. 1(b), and they can be changed into each other by
the mirror reflection M, with respect to the yz plane.
Here, we discuss the case of the right-handed helix as an
example. The detailed description of these two crystal
structures is included in the Supplemental Materials [36].
For the chiral crystal with the right-handed helix, we la-
bel the nearest-neighboring vectors as d; (i = 1,2, 3) and
the next nearest-neighboring vectors as R; (i = 1,2,3)
as shown in Fig. 1(c). Next, we consider the vectors con-
necting the atoms in the same sublattice between two
layers which correspond to chiral spin-spin interactions.
In the right-handed helix, the interlayer vectors between
A sublattices are £(R; + cz), and those between B sub-
lattices are +(—R; + c2) as shown in Fig. 1(b).

We now introduce a ferromagnetic Heisenberg spin
Hamiltonian with exchange interactions for the chiral
crystals, which is given by

H:—leS,--Sj—JQZSi'Sﬁ (1)

(i5) [is]

where the first term denotes the nearest-neighboring ex-
change interaction within the honeycomb layers with
the exchange interaction J; > 0, and the second term
represents the chiral exchange interaction between the
two layers with exchange parameter Jy > 0 as shown
in Figs. 1(a) and 1(b). Then we introduce the lad-
der operators SijE = S¥ £45/, and by means of the

Holstein-Primakoff transformation [37]): S7 = S — aa;,
St ~ v/28Sa;, and S; ~ \/QSa;r with the magnitude of
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FIG. 1. (Color online) Chiral crystals composed of a stacked
honeycomb lattice with (a) left-handed helix and (b) right-
handed helix. They can be reflected to each other by the mir-
ror operation M, with respect to yz plane. Lattice constant
along the z direction is denoted by c. The parameter J; is the
nearest-neighbor exchange interaction within the 2D layers,
and Js is the chiral exchange interaction between the 2D lay-
ers. (¢) 2D honeycomb layer. Solid arrows represent the vec-
tors connecting the nearest-neighboring sites: 61 = a(—1,0),
8> = a(1/2,v/3/2), and 83 = a(1/2,—/3/2) with a being
the bond length. Dashed arrow denote the vectors con-
necting the next nearest-neighboring sites: Ri1 = a(0, \/3),
R: = a(—3/2,—V3/2), and R3 = a(3/2,—+/3/2). (d) First

Brillouin zone of the chiral crystal.

spin S, the spin Hamiltonian in Eq. (1) can be expressed
in a bosonic formulation as

H=-— JlSZ (azaj + h.c) — JQSZ (aja]— + h.c)

(i) [i5]
(2)
3(J1 +202)S Y ala;,

with a!(a;) denoting the creation (annihilation) opera-
tor of magnons. Here, we show the spin Hamiltonian
for the right-handed helix as an example, and that for
the left-handed helix can be obtained by the mirror re-
flection M,. The details of the derivation are given in
the Supplemental Materials [36]. For the right-handed
helix, the Hamiltonian can be rewritten in terms of
a quadratic Bogoliubov-de Gennes (BdG) formulation
as H = vLH(k)vk, where the vector operator is
v = (ak,A,ak7B,aT_k7A,aT_k7B)T, and the Bloch Hamil-
tonian becomes

1-F, -TIj 0 0
_ 3 -TI'ry 1-Gg 0 0
H(’C) = §(J1 + 2J2>S 0 0 1- F, _1—‘;;
0 0 Iy 1-Gg

3)

with
J1 i _ i kga \/§kya
— ikya 2¢~ 1%
Ls 3(Jl+2JQ){e +ae CS( P ’
(4)
2J5
Fp=-?2 X

k 3(J1+2J2){cos(\/§k:ya+k c) (5)

+2008<3k2 ) s (V3kya — k c)}

:3(!]12;]22]2){ cos (\/gkya - kzc) (6)

Ky
+ 2 cos (32a> cos (\/gkya + kzc) }

The corresponding magnon energies of the lower and up-
per modes are given by

B = 3(J1 + 2J2)S{1 - fC'k :F —\/Bi + 4|I‘k2}

(7)

G

where By, = G, — Fy, and Cy, = Gy, + Fy.

Next, we calculate the magnon OAM by following the
method proposed in Refs. [28-30]. Here, we first find the
inverse of the paraunitary matrix X ~!(k) determined by
diagonalizing H(k) - N, where N = 0, ® [oxo is a 4 x 4
matrix with a 2 x 2 identical matrix Isxo and the Pauli
matrix o,, and introduce vy = X ~!(k)wy, with wy de-
noting the vector operator in terms of the interacting
Boson operators [28-30]. Under the normalization con-
dition X (k) - N - XT(k) = N, we can obtain

Iy K, —FZK,:F 0 0

X’l(kz): 1 |Fk|K,:r k| Ky 0 0
\/ﬁrz 0 0 I Ky, —F,*;K,j
0 0 [Tk|Ky [PelKy
(8)

where
B
Ki— 1o Br )
B,%+4\Fk|2

Details of this derivation are given in Supplemental Ma-
terial [36].

Here, the magnon OAM can be calculated by using the
inverse of the paraunitary matrix X ~!(k) derived from

" the BAG Hamiltonian in Eq. (3) [28—-30]. The expectation

value of the OAM as a function of wavevector k in the n-
th eigenmode for the chiral crystal with the right-handed



helix is given by
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where l;k = —i (k Ok, —k (’9k) represents the op-
erator of magnon OAM  with  the periodic func-
tions kya = sin(3k,a/2)cos (v/3kya/2) and v3k,a =
sin (v/3kya/2) cos (3kza/2) + sin (v3kya) within the 2D
honeycomb layers to guarantee the periodicity of magnon
OAM on a discrete lattice [28, 29]. Then, the magnon
OAM in Eq. (10) can be further expressed as

h By I'e . TI'%
L, k=-|1r —m | —Le—>, (11
for the lower and upper bands by means of Eq. (8). Here,
we notice that the first term
hTg,. Ty

40| [T

Lo(k) = (12)

denotes the contribution from the 2D honeycomb layers,
which is a function of wavenumbers k, and k,, and has
been thoroughly investigated by the previous studies [28—
30]. On the other hand, the second term

Be L 5 rk
4 VBZ + 4Tk T S

which comes from the chiral exchange interaction is a
function of wavenumbers k., k, and k., and plays an
essential role in chiral magnons. Figure 2 show the dis-
tribution of AL,2(k) in the k,-k, momentum space for
k., = £m/3. We see that AL,2(k) is six fold symmetric
around the z-axis and odd in k..

The numerical results of the k-dependent magnon
OAM distributions L., (k) in Eq. (11) of each magnon
band along the high-symmetry points for the left-handed
and right-handed helices are shown in Fig. 3(a) and
Fig. 3(b), respectively. One can clearly see that the
magnon OAM has the opposite signs between the chi-
ral crystals with the opposite helices. Here, for a given
wavevector k, the opposite signs of the magnon OAMs
mean that the rotations of the spins around the z axis
are in the opposite directions for different helices. There-
fore, crystal chirality is imprinted in magnon OAM in
chiral crystals. In addition to magnon OAM, spin angu-
lar momentum plays an important role in ferromagnets.
However, here the spin angular momentum has no differ-
ence between the two chiral structures because they can
be reflected to each other via the mirror operation M,:
UHR(ky, by, ko)UY = HE(—ky, ky, k), where HE(k)
and HX (k) are the Bloch spin Hamiltonians for the right-
handed and left-handed helices, respectively, where the

AL 1(2)(k) = (13)
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FIG. 2. (Color online) Distribution of AL.2(k) in Eq. (13)
in the ks-ky plane. Color represents the magnon OAM in the
unit of A. The parameters are set to be Jo = 0.5J;.

unitary matrix is given by U = Isx9 ® 0, in our model.
Thus, the expectation values of the spin along the quan-
tization axis satisfy (SL) = (SE).

In equilibrium, the total magnon OAM for the z com-
ponent per volume V is given by

L(;rb Z [/zn

k:n 1,2

){2f0(Enk) + 1}, (14)

where fo(Enk) = 1/ (eF#/ksT — 1) is the Bose-Einstein
distribution function [30]. In this case, the total
magnon OAM vanishes because time-reversal symmetry
requires X 1(—k) = X 1(k)*, resulting in L., (k) =
—L.n(—k) [28-30]. Nevertheless, a finite magnon OAM
can be generated by a temperature gradient because the
magnon distribution can become out of equilibrium.

In analogy with the Edelstein effect in phononic sys-
tems [21, 23], here we theoretically show that a chiral
magnon carrying an OAM can be driven by a temper-
ature gradient in chiral crystals. This phenomenon can
be considered as MOEE. In general, a non-equilibrium
magnon distribution can be obtained when a tempera-
ture gradient 0T/0x; is applied. By using the Boltz-
mann equation with the relaxation time approximation,
the distribution function of magnons in nonequilibrium
is given by

dfy OT

foke = fo(Enk) 3T 5’ (15)

— TUnk,i

where 7 represents the magnon relaxation time and
Unk,i = OFnk/hOk; is the group velocity of the n-th mode
of magnons. Accordingly, the magnon OAM per unit vol-
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FIG. 3. (Color online) Magnon spectra for the (a) left-handed
helix and (b) right-handed helix with the color representing
the magnon OAM L.q(2) in Eq. (11) in the unit of s. The
parameters are set to be Ja = 0.5J7.

ume generated by the temperature gradient becomes

Lqrbifi in k _— = i Ay
i v nkﬁ ®) o8, o oz, — %o,
(16)

where «;; denotes the response tensor, which can be de-
termined by the point-group symmetry. In our model, for
the chiral crystals with the Dg point group, the response
tensor is generally represented as [21]

Ogpr 0 0
Q5 = 0 Agg 0 . (17)
0 0 s

Therefore, in the case of the chiral crystals shown in
Figs. 1(a) and 1(b), when the temperature gradient is
applied along the z direction, we can obtain a finite z
component of magnon OAM: L‘Z’rb = «,,0,T, with the
temperature gradient 0,7 and the response coeffcient o, ,
of the MOEE. Here the k-dependent magnon OAM sat-
isfies L. (ks ky, k) = Lo(ks, ky) + ALLn (kg ky, k2) as
given in Egs. (11), (12), and (13). We notice that the
summation in Eq. (16) for the first term Lo(kz, ky) be-
comes zero due to the time-reversal symmetry. Lo(ky, ky)
is independent of k., and corresponds to the spin waves
only propagating within the 2D honeycomb layer for a
given wavevector k. As a result, only AL, (ks ky, k)
contributes to the MOEE coefficient o, and «a,, even-
tually becomes

_ 8Enk afO(Enk)
Qyy = W Z Aﬁzn(k> akz T’ (18)

(@) 5x10’3 L-helix (b) OxlO’3 R-helix
~4 ~-1
< <
T3 ksT=/1S T — keT=)1S
£ —— keT=3}:5 £ — ksT=3/1S
<2 —— KksT=515 <73 — ksT=5/15
[S] 1 B -4
0 5
0 03 06 09 12 15 0 03 06 09 12 15
/) /
211 103 J2l)1 %103
) 0
. -
: -2
=
) -3
. -4
0o 1 0 0o 1 s 5 O

2 3 2 3
kgT/J{S kgT/JiS

FIG. 4. (Color online) Calculated MOEE coefficient o . given
in Eq. (18). (a) and (b) show .. versus chiral exchange
interaction J2 with different temperatures for the left-handed
and right-handed helices, respectively. (c) and (d) show a..
as a function of kgT'/J1.S and J2/J1 for the left-handed and
right-handed helices, respectively.

for the chiral crystals. Figure 4 shows the numerical re-
sults of the MOEE coefficient «,, based on Eq. (18).
We see that the MOEE coefficient «., is not monotonic
in T and Jo. The sign of a,, becomes opposite be-
tween the crystal structures with the opposite helices be-
cause AL, (ky,ky, k,) changes the sign when the helix
is changed into its mirror image as shown in Fig. 3. Here
we notice that the chiral exchange interaction in Eq. (1)
contributes to the chirality of magnon OAM.

Let us estimate the size of the magnon OAM gener-
ated by a temperature gradient. Here, we set the param-
eters Jo = 0.5J; with J; = 1meV, kT = 2.5J15, and
a lattice constance a = 10~%m. The MOEE coefficient
is estimated as a,, ~ 10%%h x [7/(1s)jm™2K~!. We use
the relaxation time of magnon 7 = 10~ '%s and a temper-
ature gradient 0,7 = 10K/mm [34]. Then, we can esti-
mate the magnon OAM generated along the z direction
with the size of 101*h/cm3, which is of the same order
as the magnon Edelstein effect due to the spin angular
momentum [34] and experimentally observable.

To summarize, we have theoretically proposed chiral
magnon with OAM, which exhibits a chirality in a ferro-
magnetic chiral crystal due to the lack of inversion and
mirror symmetries. A finite magnon orbital angular mo-
mentum can be generated by a temperature gradient,
leading to MOEE. Therefore, chiral crystals provide a
platform for detecting the magnon OAM via the magnon
orbital Edelstein effect. We propose a candidate material
Cuy0Se03, which is a magnetic insulator with a chiral
structure [38, 39]. Because temperature gradient leads
to a redistribution of electrons in metals, this insulating
material is suitable for future measurement.
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Supplemental Material I. DERIVATION OF THE BLOCH SPIN HAMILTONIAN

Here we show the derivation of the spin Hamiltonian Eq. (2) in the main text for the chiral structures with the
right-handed and left-handed helices. In fact, the choice of the unit cell is not unique, and here in order to discuss the
results clearly, the unit cells in the crystals with the opposite chirality are set to be mirror image of each others as
shown in Fig. S1. Here, §; (i = 1,2, 3) represents the vector connecting the nearest-neighbor sites in Fig. S1(a) for the
left-handed helix, and 8; (¢ = 1,2,3) represents that in Fig. S1(b) for the right-handed helix. The chiral structures
shown in Figs. 1(a)(b) in the main text consist of honeycomb-lattice layers, stacked along the z axis. Vectors for the
chiral exchange interactions between two atoms are combinations of the vectors connecting the next-nearest-neighbor
sites R; (¢ = 1,2,3) and the translation of ¢ along the z axis. The interlayer vectors between A sublattices are
+ (R; + ¢Z), and those between B sublattices are £ (—R; + ¢Z) in the right-handed coordinate system.
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FIG. S1. Schematics of two chiral structures with (a) the left-handed helix and (b) the right-handed helix. The vectors con-
necting the nearest-neighbor sites in (a) the left-handed helix are 67 = a(1,0), 85 = a(—1/2,+/3/2), and 85 = a(—1/2, —/3/2),
and those in (b) the right-handed helix are 81 = a(—1,0), d2 = a(1/2,v/3/2), and 83 = a(1/2, —/3/2).

Then, the first term of the spin Hamiltonian in Eq. (2) for the structure with the left-handed helix can be written
as

3
HI = —J1S'Z ZGTB,T+5;GAW +h.ec. = Z (ail’k a;’k) (—?ﬁ; _(’)7’“> (Zg’;) ’ (S1)
- ;

r = k

and that for the structure with the right-handed helix can be written as

3
0 —v Ak
H} = _']152 ZaTB,"’“”Jia‘A’T +he = Z (ai\’k aTBJc) <_7k Ok> (GB,k) ; (52)

r =1 k

where
Y = Jlszezk-éi = J,S (Z ezk-(ﬁ) =S {ezkma + 6*1(k1a+\/§ky)/2 + efl(kza*\/gky)/2}, (83)
=1 =1

with 81 = —41, d2 = — 6%, and d3 = —d5. Next, the second term of the spin Hamiltonian in Eq. (2) for the left-handed



helix and that for right-handed helix are the same if we take the vectors in Fig. S1, which is given by

77JQS§ :E :aAr+R+czaA7‘+aAr R—cz J2S§ :E :G’Br R+czaB""+aBr+R—cz

r i=1 r =1

o0\ (a
S (i o) (1) (ﬁi)’ h
; |

with
3k, 3k
h‘,é—cos(\fk a+kc +cos< +kzc>+cos< ;a—\f2ya+kzc> (S5)
3k, 3k
hﬁ—cos(\fk a—k:c +cos< ya—kzc)—i—cos( 2a—\f2ya—kzc> (S6)
The last term of the spin Hamiltonian in Eq. (2) can be written as

10
Hy=3(J1 +2/)S > (aL)k agk) (0 1) (Zgz) . (S7)
- :

Therefore, we can write down the total spin Hamiltonian in terms of a quadratic Bogoliubov de Gennes form as

T
=> v;;?—[o‘(k)'uk with & = R/L, the vector operator vg = (a:r4 k ag’k aa—k aB7_k) , the Bloch Hamiltonian

1-F, -Tg 0 0
3 -I's 1-G 0 0
L _ 2 k k
H (k) = 2(J1 +2J5)S 0 0 1—-F, -Ty (88)
0 0 Iy 1-Gg
for the left-handed helix and that
1-F, -T% 0 0
3 -T 1-G 0 0
Ry _ 2 k k
HM (k) = 2(.]1 +2J5)S 0 0 1-F, T , (S9)
0 0 —Tr 1-Gg
for the right-handed helix, where
Jl ik _ikga \/?;kya
Ip=—{ethet 4 97175 5 [ ——— S10
& S0+ 20) {e + 2e cos( 5 , (S10)
2J5 3k.a
Fk—M{COB(fk a+k' C)—i-ZCOb( 2 >COb(\/7€ a—k C)} (Sll)
2J5 3k.a
Gk —M{COS ([k’ Cl—k C> +2COS ( B ) COS (fk CL+k' C)} (812)

Supplemental Material II. MAGNON ORBITAL ANGULAR MOMENTUM

In this section, we follow the method proposed by Fishman et. al. [1] to calculate the magnon orbital angular
momentum (OAM) for the ferromagnetic chiral crystal. Here we show the calculation for the right-handed helix from
the Hamiltonian in Eq. (S9) as an example, and that for the left-handed helix from the Hamiltonian in Eq. (S8) can
be similarly performed. Based on the Hamiltonian in Eq. (S9), we first find that the eigenvectors of H® (k) - N are

w; = X(k);‘j =} (G — Fr, — 4Tk + (G — Fx)2 —2T% 0 0), (S13)

X(k)3; = ¢ (G — Fr + 4Tk + (G — F)? —2T% 0 0), (S14)
X(k)sj =c3(0 0 G — Fio — ATk + (Gi — F)? —2T'%), (S15)
X(k)ij=ca(0 0 G — Fie + ATk + (Gr — Fr)? —2T'%), (S16)




where N = 0, ® Iox2. Hence, the paraunitary matrix of the Hamiltonian in Eq. (S9) can be expressed as

(4] Bk — \/B,% + ‘Ak‘Q —ClAZ 0 0

co | Bg + B + Apl?) —co Al 0 0
X(k) = b * : (S17)
0 c; | Br — \/Bi +|Ak|?) —c3A;
0 0 ¢y | Be + B,2c + |Ak|2 7C4AZ

where Ay, = 2I'y, and B = G, — Fk, and its inverse is

c1y/B2+]Ax|? car/BE+|Ax|?
_ Brty/Bi+|Ak|? Bi—+/Bj+|Aw|? 0 0
-1 o 1 Cl\/B,%‘HAkP 62\/3,%+\Ak\2
X7 (k)= 5 AL AL : (S18)
243, 0 0 —

csV/BEHAR?  ciy/BE Akl
_ Bity/Bi+|Ak|*>  Bi—+/Bj+|Aw|?
cs\/B2+| A2 ci\/B2+]Ag|2

0 0

Here the coefficients c1, ¢z, 3, and ¢4 can be obtained by X (k) - N - XT(k) = N. Therefore we have

1

T 2|C : = /B + | Aif? <\/32 4 ARl? - Bk) (S19)
1

T = 2|C : = /B2 + |Axf? <\/B2 + AR + Bk) (S20)

and finally the inverse of the paraunitary matrix Eq. (S18) becomes

K, -TiKS 0 0

_ 1 ITk|K, |[Tk|K, 0 0
X Hk)= —— k koo . , S21
(k) N 0 0 FkKk+ kaK; (521)

0 0 Tkl Ky [Tkl K
where
B
Kf= 14 —=f (S22)
By, 4 4|T|?

As we mentioned in the main text, the magnon OAM is generally given by Eq. (10) [1-3]. By using the inverse of
the paraunitary matrix X ~!(k), we can calculate the magnon OAM as

h - 7 — * — 7 — *
/:51("7) = 2{X11l(k)lsz111(k) +X211(k)lsz211(k) } (823)
- - + +
_h) Ky [2k£+K—|Fk|z (K |Fk|> (S24)
21 v2 V2 V2T V2 Tk
h o e s Tg
4{K lsz + K, lsz +(K ) |F|le|Fk|} (S25)
h By Iy » Tg
S L N N 526
4( \/B,%+4|rk|2> Tl L] (520)

for the lower band, where K ,j LK ,‘: + K, LK r = 0. Similarly, the magnon OAM for the upper band can be
calculated as

(S27)

[ VA F;;_h(l By, )r,w Iy

LR (k) = = (K )2 =20, = e | Tl ’
zo(k) (Ky) Tl k|1"k| 4 B 4+ 4|1 |? Tk | k|Fk|



On the other hand, we can also calculate the magnon OAM for the left-handed helix from the Hamiltonian Eq. (S8):

Lii) (k) = %&fﬁ%h% = Z (1 + %) %Lké—:'. (528)
Notice that
&sz& = _&Azk&
LY Tr| ™ Tk
= \’;jQ {\/gkm sin Ky sin Ko — ky [(cos K1 4 2cos K3) (cos K; — cos Ks) + sin? Kl] }, (S29)

with K7 = 3k, /2, Ko = \/gky/Q, and v, = /1 + 4cos K cos Ky + 4cos? K,. Here, we introduce

k, = sin (3k,a/2) cos (V3k,a/2),
1 . .
V= {sm(\/§kya/2) cos (3kza/2) + sin (\/gkya)} , (S30)

corresponding to the 2D honeycomb layders to guarantee the periodicity of magnon OAM on a discrete lattice [1, 2].
Eq. (S29) can have opposite sign if we choose the unit cells to be mirror symmetric as shown in Fig. S1. Thus, we
have Egl(z)(kz) = fﬁf‘l(z)(k) which reflects the chirality of the magnon OAM in chiral structures.
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