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    Abstract
Inter-areal neuronal phase synchronization is thought to involve oscillations below 100 Hz while faster oscillations are presumed to be coherent only in local circuits. We show with human intracerebral recordings that 100−300 Hz high-gamma activity (HGA) can be phase synchronized between widely distributed regions. HGA synchronization was neither attributable to physiological and technical artefacts nor to epileptic pathophysiology, e.g., it was as prevalent in areas distant from the epileptic zone as within. HGA phase synchronization exhibited a reliable large-scale connectivity and cortex-wide community structures. Moreover, HGA synchronization displayed a laminar profile opposite to that of low-frequency oscillations by being stronger between the deep than the superficial cortical layers. Hence HGA synchronization constitutes a novel and temporally highly accurate form of consistent timing relationships in large-scale human cortical activity. We suggest that HGA synchronization elucidates the temporal microstructure of spiking-based neuronal communication per se in cortical circuits.

Acknowledgements
This study was supported by the Academy of Finland (project numbers: 253130, 256472, 1266745, and 266402), by the Helsinki University Research Funds, and by the Finnish Cultural Foundation (12938). The research leading to these results has received funding from the European Union Seventh Framework Programme (FP7/2007-2013) under grant agreement no. 604102 (Human Brain Project). GA was partially funded by Fondazione San Paolo (20670). The authors declare no competing financial interests.

Author contributions: AG WSH PJM PS conceived the study; AG WSH WN ZA PJM wrote the analysis code; AG WSH WN HJ run the analysis; CF NL RA provided clinical information and preprocessed clinical data. All authors contributed to the writing and revising the manuscript. All authors read and approved the manuscript.

	Abbreviations
	
	cPLV
	complex-valued phase-locking-value (Methods eq.1)
	EZ
	epileptogenic zone
	HFO
	high-frequency oscillations (100−200 Hz)
	HGA
	high-gamma activity (100−300 Hz)
	iPLV
	the imaginary part of the complex PLV
	LFP
	local-field potential
	nEZ
	putative healthy SEEG recording sites
	PLV
	the absolute value of the complex PLV
	SEEG
	stereo-electroencephalography
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