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Frequency response function

Being a linear time-invariant system, the frequency re-
sponse function can the computed for the CFM. Further-
more, as we show in the following, for the case of a fully
connected network (p = 1), the CFM can be exactly ex-
pressed as a low-pass filter of the LIF mean-field. Given
the Fourier transforms of the potential field v = F [V ] (ω)
and the input j = F [J ] (ω), the Fourier transform of (1)
reads[

−(2πω)2 + 2πi(α+ β)ω + αβ
]
v = αβj , (A.1)

where i =
√
−1 stands for the imaginary unit. Taking

the square of the modulo in (A.1) yields

PV = G·PJ (A.2)

where PV = |v|2 and PJ = |j|2 are the power spectra of
the potential V and the input J , respectively, and

G =
α2β2

[α2 + (2πω)2] [β2 + (2πω)2]
(A.3)

represents the frequency gain function. Using (A.2)
with J = rhs(20), the power spectrum of the CFM can
be readily obtained. Figure A.1 illustrates (A.2) for
α = 1/τ (mem), β = 1/τ (syn) for a typical parameter
setting used in our numerical simulations.

Note that the MFM describes a parametrically excited
system [1] and as such its non-linearity prohibits to
follow the same procedure as with the CFM and (A.1 &
A.2) remain valid only for the CFM.

Partial observations

Linking theoretical notes – like the current one – to
experimental findings can be challenge but, as said, this

FIG. A.1. (a) Gain function G(ω) for the particular case of

τ (mem) = 20 ms and τ (syn) = 5 ms. (b) Power spectrum of
the LIF mean-field PV in green, and that of the input pJ in
blue, together with G ·PJ in yellow. G ·PJ is displayed with
thinner lines on top of PV to improve legibility.

should be consider the litmus test stressing their poten-
tial impact. If we consider our LIF model as a ‘real’
neuronal network, its experimental investigations may be
limited in that not all (types of) neurons can be assessed.
For instance, in contrast to the recording of local field
potentials, encephalographic recording are believed to
primarily pick up population activity of excitatory cells
(e.g., EEG is considered to record post-synaptic poten-
tial changes in pyramidal cells that are spatially aligned
and radially oriented in the neocortex). To mimic this,
we re-analyzed our simulation by selecting from the full
LIF-network the excitatory units and (1) used only them
to estimate the LIF-network’s mean field potential, i.e.,
V → Vex, and (2) included them as input to the two dif-
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ferent neural mass models, CFM and MFM, e.g., in(20)
the sum over σ only contained σ = E. Then, we con-
ducted the same comparisons as in the main part of the
paper.

The corresponding results are summarised in Fig-
ure A.2. As expected, the limitation to only the exci-
tatory population did not yield any qualitative changes
when compared to the findings for the entire network
(cf.(5) and (4)); note that we also tested this for only the
inhibitory units, which in fact display very similar results.
In brief, only in the close vicinity of the transition for
the de-synchronised to the synchronised state, the mean
field models showed proper resemblance with the dynam-
ics of the underlying LIF-network. Yet, when looking at
the CFM spectra, we could also identify good agreement
when focusing on very small values of λ, which can be
attributed to the fact that in this region the number of
active neurons is particularly small. Having encephalo-
graphic recordings in mind, however, such a scenario is

highly unlikely since, as said, pyramidal cells are believed
to be the main contributor to the recorded signals and
they are known to be primarily excitatory.

Taken together, our conclusions are not limited to ex-
perimental recordings of the full network and seemingly
apply to partial assessments of the underlying neuronal
population.
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FIG. A.2. χ2-statistic and correlation coefficients for the par-
tial observation of only the excitatory units. Panels (a-b)
display the χ2(·, ·) between the power spectra in the {p, λ}
space (105 values). (a) χ2 between the excitatory units of
the LIF network and the CFM feeded only with the exci-
tatory units from the LIF model, χ2(PE

LIF, P
E
CFM). (b) χ2

between the excitatory units only from the LIF network and
the MFM with only the excitatory units from the network
as input, χ2(PE

LIF, P
E
MFM). Again, we added several contour

lines in white to improve legibility. Conform, e.g., Fig. (4)
the dashed-red lines indicate the boundaries of significance re-
gions (α = 0.01 using the χ2 distribution): inside the small re-
gion encircle by the dashed-red line, the CFM/MFM spectra
were not significantly different from the LIF network spec-
trum. In panels (c-d) the corresponding correlation coeffi-
cients ρk(τmax) between the mean field computed over only
the excitatory units of the LIF model and (c) CFM and (d)
MFM are shown; both computed with only the excitatory
units from the LIF as input. The red-dashed lines in pan-
els (c-d) indicate boundaries of significance with α = 0.01
obtained by applying the Fisher transformation to the corre-
lation values [2]. Inside the area defined by the red-dashed
line in the synchronized region and the small area in the asyn-
chronous region where p→ 0, the time series of the two neu-
ral mass models were not significantly different than the LIF
mean field.
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