Topological Hall Effect in Topological Trivial Target Skyrmions
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Introduction Results Discussion
n PR Classical simulation of electrons in a target skyrmion’s magnetic field = Starting from a classical model, we show the
Target skyrmion is a JeL SKY 9 9 | |
concentric ring of two (a) W (b) transverse current has a nonmonotonic behavior and
skyrmions /) sign switch, indicating a competing order in the target
— skyrmion.
* |nner skyrmion rotates - - . .
counterclockwise E S Y 2 = Transport calculations also show the nonmonotonic
8.1E:03 N 0.0 Hall angle dependence on target skyrmion radius.
i = Outer skyrmion rotates = . o For small radius, the negative Hall angle is
00 clockwise ‘ FED . contributed by the outer skyrmion.
i Figure 2: Electron trajectories (black lines) in a target skyrmion's ef ":;BE‘g“Idf o For large radius, the positive Hall angle is
6.8E-04 | igure 2: Electron trajectories (black lines) in a target skyrmion’s effective field for . . .
«. > = Jopological charge momentum (a) p =5 and (b) p = 15. Electron mass = charge = 1. contributed by the inner skyrmion.
Figure 1: a) T kyrmion spi Q=0 ; N
Cc')%:geuraﬁi)n iggTert]g offoctive magnetic Quantum transport E=3.64 = The Hall angle of a target skyrmion is the sum of the
field of a target skyrmion. (a) P e N inner and outer shell’s Hall angles.
0.02- o The Hall angle magnitude is set by the skyrmion,
Topological trivial target skyrmion can be moved O 00a{ ;akrygrerj;iyr”“"” which respect the adiabatic approximation.
linearly by a small electric current make it 006, o We can interpret this Hall effect as the topological
promising for next-generation memory devices’-. oo, Hall effect
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acquire a Berry phase, which can be understood as the 0001 — Ry .01 , _
effective magnetic field*°>. This gives rise to a Hall | e omagnet R " We demonstrated the topological Hall effect can exist
effect known as the topological Hall effect. The Berry RH 0.000- < — 0.00 O In a topological trivial texture. This may be used to
phase is zero for Q = 0 texture, hence it is expected N . detect the presence of target skyrmion in experiment.
that there is no Hall effect in the target skyrmion. Here o , , | | | |
we show that there exist a topological Hall effect in ’ 0 Target skyrmion radius 0 >0 * We show a method of separating complex spin
topological trivial target skyrmion. Figure 3: a) Target skyrmion and skyrmion Hall angle as a function of energy for ngljl;]r;jee:'r;ica)r:ﬁ :ﬁgzlgr?;ﬁshzgr:g?gzr;fC-(I)-rrl:s Oarl]lgr\:\;s |
N = 96a,, 1, = 48, and /] = 1/3. b) The Hall resistance and Hall angle dependence _ p o
- - of target skyrmion radius for E = 3.64. Hall resistance unit h/e? = 1. This method can be used for other composite spin
Objectives and Methods textures.
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» Model classical system of electrons moving through a (a) o.050 J=5 —J/=3 J=5 —/="
target skyrmion to show non-zero transverse current. g, 0.025{ Dashed lines for inner shell Acknowledgement
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