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Introduction

» Anomalous Hall effect (AHE) » AHE always proportional to Mz?
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» High-order AHE from multipolar > In-plane AHE: evidence beyond Mz
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\Can high-order AHE harmonics carry in-plane crystalline anisotropy?J
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AHE contains an in-plane-sensitive component
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» Phenomenological model of AHE based on crystal symmetry
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» Temperature dependence of separated AHE components
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Polar and in-plane-sensitive AHE components exhibit distinct
\temperature evolution.
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3D angular mapping of anisotropic AHE

» 3D full mapping of Ni(001) AHE
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» Global fitting by symmetry model > ¢,,, -dependent AHE confirmed by DF
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Symmetry-model fitting formula
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Full 3D angular mapping visualizes fourfold crystalline anisotropy in
\ high-order AHE. .

Extraction of intrinsic AHE and high-order harmonics
» Ordinary Hall Subtraction
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Up to 19-fold AHE

Fast Fourier transformation

» Fourier verification of high-order AHE

Multi-cycle angular measurement
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Both polar and anisotropic AHE host high-order harmonics.
Beyond the conventional Mz picture.

OHE-subtracted AHE reveals robust odd-order harmonics up to 19
QC)Id beyond the conventional Mz picture. /

» High-order AHE harmonics up to 19th order in Ni(001)

» In-plane-sensitive AHE beyond the conventional Mz picture
» Fourfold anisotropy visualized by full 3D angular mapping

» Distinct temperature evolution of two AHE components
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