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Topological band and Hall conductance induced by the skyrmion lattice

Band structure Fermi surface

« We study the stabilization of skyrmion lattice in rare earth magnets with
Ruderman-Kittel-Kasuya-Yosida (RKKY) interaction.

« The RKKY naturally stabilizes a magnetic spiral due to the competing nature of the
RKKY interaction.

- Under appropriate conditions, such as easy axis anisotropy and magnetic field,
multiple-Q states can be stabilized.

« The multiple-Q states affect and motion of conduction electrons and give rise to a

En(k)/1

huge Hall conductivity. 65
 |In the presence of a compass interaction originated from the spin-orbit coupling, M I K M K’
many more interesting spin textures, such as meron crystals can be stabilized even Band structure Berry curvature for band n=1
at zero magnetic field. —4.5
. (c)J/t=0.2 dn=1 200
« QOur results demonstrate that centrosymmetric magnets can host several : 0.5 | _ B
interesting classes of topological spin textures. ' 0
= > 0| -200
References: % = Q,, (k)
11 Wang, Su, Lin and Batista, Phys. Rev. Lett. 124, 207201(2020) = 05 L
2] Wang, Su, Lin and Batista, Phys. Rev. B 103, 104408 (2021) | > <
-1 -05 0 05 1
M r K M K’ 3
2D Kondo lattice model for classical magnetic moments on a triangular lattice Berry curvature for band n=2 1 Hall condugtance
R |
+ A 5 ¥ (C) 4 =F2 KD 20 0.8 _(f) . /
= Z Z (e — 1) Cp o Cko + JL L C; T apCip " Si, 0.5 - 0 . //
. == 6
K T E e > 0| 2000 X F &
Qn(k) s 04~ 3 -~ —
Spin Hamiltonian after integrating out conduction electrons 05 L \ g § 0o | '.'/// %:f: _ g: 761 —_
Ve O ’ . 2kp = |by|/8----
o/ |
%otalz?{RKKY'FH,s 7{,=—HZSIZ+DZ(SIZ)2 ! | 1 ! ! 0 / |
: i -1 -05 0 05 1 0 0.2 0.4 0.6
Ky J/t

Phase diagram

1
D\ (a) 2kp = |by /8 (b) 2kr = |by|/6
0.8 Spin Hamiltonian with a compass interaction
,.E‘g 0.6
i Z Z
S oef H=) J;SiS; FZ(S" S5+ S7S%,5) - DZ (87) HZS,.,
[ (i t
0.2 ;
/ _ Phase diagram
(1’ r'=0.0 r=0.1 =02 =03
= i 0.8 mm . " -
(¢) 2kp = |by]/6 (d) 2k = |by|/4 HO ~0.14 | [(B) HO, ~034| [(€) ™ HO ~0.54| [(@ ™ HO, ~0.74
0.8 (13/t =-0.0314) 0.6 fog, —=2=>20-CS(A) N : b - b
r FP § o X FP vx o FP FP J1=-1
x 0.6 E 0.4 - " Wk J2=0.33
Sy L2 i, | S=0le
0.2 | MLl ? o T NXILTVS VS
adl . | . (h) H? ~0.75
0 01 02 03 04 05 060 0.1 02 03 04 05 06 ' k& e
FP i
-D/ H?dt -D/ H?dt VX J, =0.35
e MX-‘I\‘\ J3 =0.15
The corresponding spin textures. The insets show the in-plane (St) and out-of-plane (5%) static TV
structure factors in the first Brillion zone. "
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Spin textures (inset is the spin scalar chirality). (a) meron crystals with a net skyrmion charge +1
(b) meron crystals with a net skyrmion charge +2. (c) vortex crystal (d) vertical spiral.
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