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In this study, we investigate the Bilinear Magnetoelectric Resistance (BMR) phenomenon in the topological insulator Bi,Se; grown
on a (100) GaAs substrate. By varying the sample temperature from 10 K to 60 K, we measured the out-of-plane tilt angle of the spin
texture induced by Rashba spin-orbit coupling (ROC). Through BMR measurements, we extracted the parameter A4, which quantifies
the strength of hexagonal warping influencing the Rashba spin-orbit coupling. To examine the relationship between A and the Fermi-
level electron density, we calculated the two-dimensional electron density using Hall effect measurements over the same temperature
range. A significant correlation between A and electron density was observed at low temperatures. These experimental findings
suggest that the spin-momentum locking phenomenon in topological insulators is strongly influenced by temperature-dependent

variations in electron density.
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Fig. 1. (Color online) Schematic representation of the Hall bar device
configuration. The coordinate axes (x, y, z) and the corresponding
planes (xy, yz, zx) are defined as shown in the figure. The electrical
current flows along the y-axis as described in figure. The angular
orientation of the magnetic field, along with the definitions of Hall
resistance (HR) and magnetoresistance (MR), are also indicated in the
figure. The inset displays the patterned device, which was fabricated
with a width of 20 um and a length of 100 pm.
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Fig. 2. (Color online) Presents the experimental results of Bilinear Magnetoelectric Resistance (BMR) measured as a function of the magnetic field
direction in the xy-plane. In (a), the results are shown for varying magnitude of electric current applied to the sample while the direction of a9 T
magnetic field is rotated. The data in (a) were fitted using a sine function, as indicated in the figure, and the extracted AR,,, values are displayed in
(b). The data in (b) were fitted with a linear function, showing a slope of 1.026 x 102 mohm/pA. Similarly, (c) and (d) show the results obtained

by varying the magnetic field strength. The slope derived from the relationship between the magnetic field strength and AR,,, using the same fitting
process, is 9.34 x 10" mohm/T.
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Fig. 3. (Color online) Presents R,, results obtained by varying the
magnetic field direction within xy, yz, and zx planes. (a) Shows the
Ry, data acquired under H=9 T and I = 800 pA at 60 K. (b) Displays
the hexagonal warping constants derived from the analysis of the
results in (a), obtained by varying the sample temperature from 10 K
to 60 K.
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Fig. 4. (Color online) (a) and (b) show the Hall measurement results
and the corresponding temperature-dependent two-dimensional
electron density (nyy) derived from these results.
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Fig. 5. (Color online) The canting angle angle (%) of the spin
calculated using Eq. (2) is presented. The results are shown for each
temperature.
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