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The human brain gives rise to rich neural dynamics, which play a fundamental role in processing
sensory information. During rest, intrinsic neural dynamics manifest at multiple timescales, which
progressively increase along visual and somatosensory hierarchies [1]. Theoretically, intrinsic
timescales are thought to facilitate processing of external stimuli at multiple stages [2].
Evidence for processing external stimuli at multiple latencies stems from studying evoked responses
[3,4]. However, direct links between timescales at rest and auditory processing are lacking. Here, we
aimed at characterizing intrinsic neural dynamics within cortical and limbic structures of the extended
auditory system at rest, and their contribution to auditory processing.
We hypothesized that intrinsic neural timescales at rest would show a hierarchical organization, which
could, in turn, explain a hierarchy of neural responses to incoming auditory stimuli.
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We recorded intracranial EEG (iEEG) in 270 electrodes from 11
patients with epilepsy, presented with pure tones at random intervals
(A). To characterize ongoing neural dynamics at rest, we computed
intrinsic timescales [1] and spectral exponent [5] prior to sound
presentation, together with the auditory evoked responses (A).

We selected four regions of interest, based on the most consistent
implantation schemes across patients, targeting the entorhinal cortex
(ENT), hippocampus (HIP), and amygdala (AMY) with their
innermost electrodes, with additional electrodes covering the
temporal and adjacent cortices (CTX) (B).

• In the extended human auditory network, intrinsic neural timescales progressively increase, while 
the spectral slope flattens, forming a hierarchy from temporal to entorhinal cortex, hippocampus, 
and amygdala.

• Within the neocortex, but not the hippocampus, intrinsic neural timescales exhibit spatial gradients 
at the millimetre scale that follow the temporal lobe anatomy. 

• Crucially, intrinsic timescales at rest can explain the variability in latency of auditory responses: as 
intrinsic timescales increase, so do the single-electrode response onset and peak latencies.

• Overall, our results suggest that the human auditory network exhibits a repertoire of intrinsic neural 
dynamics, which manifest in cortical gradients with millimetre resolution and may provide a variety 
of temporal windows to support auditory processing.

Intrinsic neural timescales (𝜏) computed from the autocorrelation function, which quantifies how 
similar a time series is to its past values, show a significant difference between regions (mixed-
effects model with random intercept of patient) and reveal a macroscopic hierarchy at rest. Cortical 
regions exhibit faster timescales, compared to both hippocampus and amygdala. (*** p<0.001,      
* p<0.05)

B. Cortical gradients of timescales

Intrinsic timescales at rest show a gradient that spans the temporal lobe through the postero-
lateral (fast timescales) to the antero-medial (slow timescales) axis, with significant correlations
with all three axes of MNI coordinates.

C. Auditory response latencies and intrinsic timescales

D. Power spectra and spectral exponents

Focusing on 
auditory processing, 
we extracted 
auditory response 
(iERP) onset and 
peak latencies for 
responsive 
electrodes (N=67).

Regressions of 
iERP latencies on 
intrinsic timescales 
at rest are positive 
and significant 
(mixed-effects 
model with random 
intercept of patient). 
This shows that 
regions with fast 
timescales during 
rest also show fast 
and short-lasting 
auditory responses.

We additionally characterized 
the aperiodic neural activity 
across regions via the 
spectral exponent.

The spectral exponent in the 
20-35 Hz range shows a 
strong ordering, with cortical 
electrodes having the 
steepest exponent, followed 
by those in hippocampus and 
amygdala (significant main 
effect of region), replicating 
the ordering observed with 
timescales. 

The exponent in the 80-150 
Hz range also showed a main 
effect of region, driven by a 
particularly steep exponent in 
the hippocampus. 
(*** p<0.001)
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