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Introductio Effects of the neural varic

e Neurons are the cells responsible for infor- We  measured the variability and degree of synchronization for 4  different tem-
mation processing in the human brain. peratures and many coupling strengths. The initial synchronization behavior de-
Signals propagate through neurons in pends strongly on the temperature and is positively correlated to the  variability.

spikes - or sequences of spikes, called 0 S
bursts - , in which the electric potential 0.8 ~ - -

difference across their membrane varies 06 _ _ 4*

rapidly. ~ 1

When various neurons fire simultaneously, o4 [

we say that they are phase synchronized. 0.2 (a) ‘ (b) ' ) ‘ dl

Phase synchronization is important in pro- 0.0 . . . . . . . . . . . . .

cesses such as motor control, memory and 0 08 1 oy
conscious access [1] . | oV,
Phase locking, in which neurons main- N 0.06-

tain a fixed relation between their oscil- ~0.04- | W ot
lations, is essential for communication be- 0.02- . '}"s /\ _

tween neuronal areas [4]. 000, | | W (h)
Most neurons have variable responses in 0 002 004 006 0.080 002 004 0.06 0080 002 004 0.06 0.080 0.02 0.04 0.06 0.08
their burst timings, given the same input. E g g 9

In this work, we show that this variabil-
ity affects phase synchronization and es-
pecially the duration of phase-locking.

These changes in the variability may be explained by the stability changes of the periodic orbit, seen in the
individual, uncoupled, neural dynamics of each neuron |3].

Neural promiscuity

In the raster plot below, neuron’s burst start times are plotted in blue for those who were in the first cluster

Th? neumﬂf_ﬂ dynami.cs Is given b_y the Br.aun model [2] (green region) and red for those outside. Panels (a) and (b) correspond to T' = 38°C, ¢ = 0.00879 and
, with chemical coupling. The main equations are e = 0.1, while (¢) and (d) correspond to T' = 40 °C for the same strengths. In the right figure below, we

quantity this promiscuity through the mean drift of the network, which roughly measures how much, on

dV(t) average, the temporal distances between neurons’ firings change.
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Figure 1: The left figure corresponds to the raster plot. In the right figure, the average temporal

drift is shown as a function of the coupling strength.
Quantifiers

We associate a phase 6 to each neuron firing event in .
such a way that it starts at zero on the first burst and COI}CIHS]OI}S

increases by 27 with each burst. Then we define

N e Neural firing variability is inversely proportional to the degree of synchronization of the net-
R(t) = |3 "M /N, (1) work in this case: networks with distinct neurons have, in this case, a harder time
j=1 synchronizing than with identical neurons.

which ranges from 0 to 1 and is higher the more syn- e The neurons’ tendency to stray away from each other, their promiscuity, is proportional to
chronized the network is.

The interval between consecutive bursts of a nev- their variability: neurons that are different tend to not stay together for long.
ron is called the inter-burst interval (IBI). The e General behavior: The promiscuity-variability relationship is a statistical process: the variabil-
coeflicient of variability is: ity measures the range of possible IBls a neuron can have, which will determine the likelihood
Cy = o(IBI)/IBI (2) that any two neurons firing simultaneously once will do so again next. Therefore, if a net-
work is known to have neurons with distinct IBlIs, then it can be expected to

We also define an average drift between neurons’ possess a degree of promiscuity.

i~ gl = Ite—1,6 = te—151]. (3) References
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