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Like sleep (REM to NREM, vice versa), our brain during wakefulness alternates
two different states according to our goal and surrounding environment.
Sometimes it focuses on sensory information coming from the external environment
with high arousal (e.g., fighting, fleeing, etc.), and sometimes it focuses on
endogenously generated mental representations with low arousal (e.g.,
day-dreaming, mind wandering, meditating, efc.). How does our brain control such
transition from externally-focused (task-engaged) state to internal ly-focused
state,or vice versa? Here, we hypothesize the basal forebrain (BF) neurons are
in charge of such state transition during wakefulness, by enabling or disrupting
the rhythmic activities in the cerebral cortex through a long-range coricopetal
projection. By a series of electrophysiological and behavioral experiment with
computational modeling approach, the study will demonstrate (1) how the
gamma-band (30-80 Hz) rhythmicity in the prefrontal cortex (PFC) allows
attentional processing of external input, and (2) how cell-type specific
projections from BF promote or disrupt it. The results are expected to broaden
the current understanding of cortical gamma oscillatory network that governs
cognition in neuroscientific community, and also bring several clinical- and
engineering application opportunities in terms of the modification of human
attentional system.

A training opportunity will be provided to trainee applicant. The works cover
from basic animal surgery to complex analysis of brain dynamics such as using
computational modeling. The ultimate goal of this research is to understand how
does BF-PFC circuitry modulate cognitive functions during wakefulness, as well
as the brain dynamics during sleep.
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1. Web-based brain image analysis software development
2. Deep learning method for large-scale brain image data
3. Graph network method for producing structured image analysis results
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