Supplementary Material
1.1 Electric field simulation modeling
The tACS stimulation targets were individualized based on functional hotspot identification. Specifically, the center electrode was positioned at the 10-10 system coordinates (F3/F5/FC3/FC5), with four surrounding electrodes to optimize current delivery. While there is a slight variation in the choice of the center electrode, electric field simulations indicate that the resulting current distributions are focalized in an almost identical cortical area. This suggests that the such differences in electrode placement do not significantly affect the targeted stimulation region.
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1.2 Blinding effectiveness assessment
To assess the effectiveness of participant blinding, we asked participants to report their perceived stimulation condition (active, sham, or unsure) after each session. The response distribution is summarized in the following table:

	
	Active
	Sham
	Not sure
	Total

	γ-tACS
	13
	1
	4
	18

	β-tACS
	9
	3
	6
	18

	sham-tACS
	10
	3
	5
	18

	Total
	32
	7
	15
	54



We conducted Fisher’s exact test to determine whether participants could reliably distinguish between active and sham conditions across the three stimulation groups. The results showed no statistically significant difference (p = 0.689), indicating that blinding was effective.

1.3 Baseline stability
To assess the stability of baseline measures across sessions, we conducted an analysis of the pre-stimulation MEP data. The results indicated no significant differences across sessions, suggesting that baseline values remained consistent across sessions. The statistical results are presented below:

	Variable
	Group
	n
	Median (IQR)
	Kruskal-Wallis H
	P value
	Effect Size (η²)

	Latency (ms)
	β-tACS
	18
	21.305（1.793）
	0.037
	0.982
	-0.038

	
	γ-tACS
	18
	21.080（1.943）
	
	
	

	
	sham-tACS
	18
	21.135（1.740）
	
	
	

	Amplitude（x103μV）
	β-tACS
	18
	0.345（0.310）
	1.323
	0.516
	-0.013

	
	γ-tACS
	18
	0.371（0.181）
	
	
	

	
	sham-tACS
	18
	0.367（0.345）
	
	
	

	Resting motor threshold
	β-tACS
	18
	0.310（0.118）
	0.185
	0.912
	-0.036

	
	γ-tACS
	18
	0.305（0.160）
	
	
	

	
	sham-tACS
	18
	0.310（0.205）
	
	
	



1.4 Gender effects
Given that our participants were all healthy young adults, the primary demographic factor that could potentially influence the experimental effects was gender. An analysis examining gender as a predictor indicated that gender did not significantly modulate the effects of stimulation on most neurophysiological measures, which are presented below:

	Gender
	Measurements
	Results
	Post hoc analysis

	Female
	Ln(120% MEP amplitude post/pre)
	Welch’s F(2, 17.065)=6.821, p=0.007, η² =0.199
	γ-tACS vs sham-tACS: Cohen’s d=1.314, p=0.017

	
	120% MEP latency post/pre
	F(2, 33)=4.866, p=0.014, η² =0.228
	β-tACS vs γ-tACS: Cohen’s d=1.036, p=0.014; γ-tACS vs sham-tACS: Cohen’s d=1.066, p=0.008

	
	Rest motor threshold
	F(2, 33)=0.865, p=0.430, η² =0.050
	-

	Male
	Ln (120% MEP amplitude post/pre)
	Welch’s F(2, 6.756)=10.358, p=0.009, η² =0.498
	γ-tACS vs sham-tACS: Cohen’s d=2.695, p=0.012

	
	120% MEP latency post/pre
	F(2, 15)=0.464, p=0.638, η² =0.058
	-

	
	Rest motor threshold
	F(2, 15)=1.714, p=0.214, η² = 0.186
	-



While gender did not appear to have a substantial impact on most outcomes, differences in effect sizes suggest that further investigation with a larger sample may be warranted. Future studies could incorporate additional exploratory analyses, such as baseline excitability measures or other individual differences, to better understand potential predictors of response to tACS.
1.5 Untransformed MEP Amplitude data
	β-tACS
	γ-tACS
	sham-tACS

	2.08
	1.36
	1

	0.73
	1.69
	0.91

	1.36
	0.51
	0.74

	0.97
	1.3
	1.08

	2.78
	1.73
	1.04

	1.1
	1.38
	0.94

	0.78
	1.07
	0.97

	0.93
	1.35
	1

	1.29
	2.56
	0.98

	0.73
	1.27
	1.01

	1.32
	1.55
	0.92

	2.3
	2.43
	0.98

	1.31
	1.71
	1.07

	2.97
	1.81
	1.06

	0.95
	2.66
	0.94

	0.97
	2.84
	1.02

	1.02
	2.05
	1.28

	1.71
	2.17
	0.87
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