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 Abstract

The brain is a system operating far from equilibrium, and exhibiting complex fluctuations in a wide range of  
spatial and temporal scales. As all biological systems, the brain uses energy to evolve to ordered structural  
configurations. This ability is related to the directionality of the energy flow across the system’s boundaries  
and the irreversibility of the underlying processes. 

Out of equilibrium, the probabilities of  the time-reversed dynamics decay faster than the probabilities of  
forward paths [1,2]. This can be interpreted as a breaking of the time-reversal symmetry. Importantly, the 
mere statistics of time series allows extracting information on the physics of the system under study. In 
particular,  time  reversal  asymmetry  provides  information  about  the  entropy  production  of  the  physical 
mechanism generating the series, even when the details of the underlying generating system are unknown 
[3].  Time  irreversibility  also  provides  important  information  as  to  the  type  of  fluctuations  the  system 
generates. In particular, if the recorded time series is irreversible, the input of the recording system cannot be  
a realisation of a linear Gaussian random process [4].

Here,  we  evaluate  irreversibility  of  brain  activity  at  various  temporal  scales.  Magnetoencephalographic 
activity was recorded from healthy subjects during rest and while performing memory and complex reasoning 
tasks. The length of these recordings (~ 5-10 minutes) allows considering that the system reaches a non-
equilibrium stationary state. The dynamical randomness of non-equilibrium fluctuations was characterized in 
terms of the forward and time-reversed time series of brain activity, using two different methods: entropy 
production of dynamical systems theory [1], and visibility graphs [5]

We discuss differences in irreversibility between spontaneous and cognition-related brain activity in terms of 
statistics of brain fluctuations and of possible underlying physical generating mechanism. Some important 
implications of the role of time asymmetry and possible links with other forms of symmetry and symmetry 
breaking, viz. scale invariance characterizing different regimes of brain activity, are also discussed.
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