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I. Abstract Body (up to 250 words)
Introduction: Previous EEG studies have demonstrated the association between parietal alpha oscillations and the retention sub-process of working memory (WM), but no causal evidence has been established in human neuroscience. TACS may provide us with the opportunity to investigate the causal relationship, but the effects of conventional tACS varied greatly due to the failure to consider the phase differences between tACS and concurrent brain oscillations. Thus, we developed an online phase-corrected closed-loop tACS system which can precisely correct for the phase differences in real time.

Methods: After verifying the reliability of the system, both in-phase tACS (0° phase difference between tACS and alpha oscillations at Pz electrode) and anti-phase tACS (180° phase difference) at individual alpha frequency over central parietal cortices were applied to 39 participants during the retention sub-processes of a Sternberg task. A Sternberg task with EEG recording was also performed before and after tACS. 

Results: compared to in-phase tACS, anti-phase tACS suppressed WM performance of RCS (), alpha power at Pz electrode, and frontoparietal alpha synchronization at an early stimulation period. Moreover, the in-phase tACS-induced changes in WM performance were positively correlated with changes in alpha oscillations.

Conclusions: Our study, therefore, demonstrates a causal role for alpha oscillations in human WM retention. Notably, considering the capacity of our online phase-corrected closed-loop tACS to permit both up- and down-regulation of brain oscillations at the stimulation frequency (rather than mere enhancement effects via entrainment), it shows wide-ranging implications for both basic scientific research and clinical treatments. 
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