[bookmark: OLE_LINK4]Supporting Methods
Geomagnetic field environment
[bookmark: OLE_LINK22]The ambient geomagnetic field during the experimental period (September 6 to October 4, 2023) was estimated for Tianjin, China, based on the IGRF-2005 model and hourly interplanetary magnetic field data (Figure S5). The main field intensity was estimated to be 54,218.75 nT after correcting for secular variation from 2005 to 2023. The variable field ranged from -17.8 nT to +33.3 nT, giving a total field intensity of approximately 54,200-54,252 nT. The variation amplitude (~52 nT) was smaller than the residual field of the GS environment (0.17 μT). Larger geomagnetic disturbances occurred on September 2, 12, 18-19, and 25 (Universal Time), but the overall variation remained small. 
[image: ]

[bookmark: _Hlk244363904]Figure S5. Hourly variation range of the ambient GMF during the experimental period. The data show the hourly upper (red line) and lower (blue line) bounds of the field intensity relative to the estimated main field of 54,218.75 nT (baseline, Y = 0). 
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