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Figure 1. Stochastic oscillatory rhythm generated by a recurrent stochastic Wilson-Cowan (E-I) network

(see Methods) working in the transient synchrony regime. Top: Raster plot. Middle: Excitatory E(t) (blue)

and inhibitory I(f) (red) activities. Bottom: Excitatory (blue) and inhibitory (red) LFPs. They show epochs of
high amplitude corresponding to synchronized activity followed by epochs of low amplitude corresponding

to desynchronized or less synchronized activity. Excitatory and inhibitory activities and their corresponding
LEPs display a slight phase difference. The raster plot and activities were simulated using the exact Gillespie
algorithm*?). The LFPs were obtained by first removing the signal means from the respective excitatory and
inhibitory activities, followed by filtering using a Butterworth second-order filter with a lower cutoff frequency
of 20 Hz and upper cutoff frequency of 100 Hz. The parameters are as in Table 1 excepted W, =25.3.

Parameter Desription value
o decay rate of an excitatory cell 0.1
o decay rate of an inhibitory cell 0.2
B maximal firing rate of an excitatory cell 1

15t maximal firing rate of an inhibitory cell 2

hy External input to the excitatory population —3.8
hy External input to the inhibitory population -8
Wee Recurrent excitatory synaptic coefficient 274
Wy Recurrent inhibitory synaptic coefficient 1.3
W, Synaptic connection from inhibitory to excitatory cells | 26.3
Wi Synaptic connection from excitatory to inhibitory cells | 32
Ng Number of excitatory cells 800
N, Number of inhibitory cells 200

Table 1. Model parameters, definition and value. Parameters values used throughout this paper, unless
specified in the caption of certain figures.
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Figure 2. Properties of analytic versus filtered LEPs. Properties of the envelope and phase of the excitatory

and inhibitory LFPs in Egs. | and 2 obtained via the analytic signal technique (see Methods). Shown are the
distributions of (a) the ratio of the envelopes of the inhibitory and excitatory LEPs (I/E), (b) the phase difference
between E and I LFPs (¢), the instantaneous frequency of the excitatory LEP, (d) the instantaneous frequency of
the inhibitory LFP, (e) the envelope of the excitatory LEP envelope, and (f) the envelope of the inhibitory LFP.
For all panels, distributions in black come from exact numerical simulations of the full nonlinear stochastic
Wilson-Cowan neural network with 2-state neurons (Fig. | bottom panel), while those in red come from the
approximate linear stochastic model, Eqgs. 1 and 2. In panels (a—d), the vertical blue lines represent analytical
predictions of the means of those distributions (Methods). For panels (a—b), the means were computed using
Eq. 19, while for panels (c—d) we use the expression of w; right after Eq. 6. The instantaneous frequencies (Panels
(e-1)) are obtained as in?.
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Figure 3. Dynamics of the LFPs, their envelopes and their phases components from Eqs. 1 and 2, Egs. 5 and 6
and Eq. 4 (also Eq. 22 in Methods). (b,d,f) LFPs, envelopes and phases from the Linear Noise Approximation
(LNA) Eqs. 1 and 2. (a,c,e) LFPs, envelopes and phases from SAM Eqs. 5 and 6 and Eq. 4 (also Eq. 22 in
Methods). Like for the previous figures, blue corresponds to excitatory components and red to inhibitory ones.
In the SAM case, the envelope and phase processes were simulated using two independent OU processes (see
Methods, Eq. 37, Eq. 41), integrated using the Euler-Maruyama method. The envelope and phase dynamics in
the LNA case were obtained by applying hilbert transform on the excitatory and inhibitory LFPs (V; (). The
parameters are taken from Table 1.
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Figure 4. Different dynamics of the stochastic spiking network in the parameter space. Left: Recurrent plane
(W, W,). Black dots correspond to the four different values of the parameter R, obtained from left to right
using the parameters (a) W,,=20.4, »=0.0648, D=0.0512, R=10.6288. (b) W,,=27.4, v=0.0182, D=0.0613,
R=1.2999. (¢) W,.=28.4, »=0.0110, D=0.0613, R=1.6900. (d) W,,=29.4, »=10.0038, D=0.0648,
R=12.9194. Right: Feed-forward plane (W,,,W,;). Red and green curves with dots correspond respectively

to the bifurcation lines between the transient and high synchrony regimes and the transient synchrony and
asynchronous regimes. Left: The green bifurcation curve was plotted by setting 17=0 through linear stability
analysis (see Methods, Eq. 21). The transient synchrony regime then corresponds to the area v < 0 and the
high synchrony regime to > 0. Right: The red curve corresponds to the transition between the two oscillatory
regimes as described in the left case. The green curve corresponds to the case w,= 0 and the asynchronous
regime corresponds to the case where 1< 0. The two black dots in the right panel refer to two points at the same
distance of the transition but at different frequencies (the diagram of frequencies is not displayed here). W,
sets the strength of the feedback inhibition received by the excitatory population, and W, sets the strength of
the feedback excitation received by the inhibitory population. And W,, and W are respectively the strengths
recurrent excitation (excitation received by the excitatory population from itself) and recurrent inhibition
(inhibition received by the inhibitory population from itself). For this right panel we have chosen hy;=—7
instead of h;= —8 as in all other figures.
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Figure 5. Dynamics of the envelope fluctuations (black) and their associated LFPs (blue) for the same four
parameter values used in Fig. 4: (a) R=0.6288, (b) R=1.2999, (¢) R=1.6900, and (d) R=2.9194. Insets show
the corresponding probability densities for these fluctuations, computed both numerically as well as analytically
using Eq. 42 (red curve). Note how the size of the fluctuations and their durations increase as R increases, i.e. as
the network becomes more synchronized.
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Figure 6. Distributions of burst durations (histograms in blue), their corresponding means (vertical line in
green) and theoretical mean values (vertical line red). Distributions in insets correspond to associated peak
frequency variability in Hz. Theoretical values were computed from Eq. 51 and the value of ¢ was chosen as the
sum of the mean and the standard deviation of each envelope process (Methods). The four cases correspond
respectively to different values of R in the previous figures, namely (a) R= 0.6288, (b) R=1.2999, (c) R= 1.6900,
and (d) R=2.9194. The mean burst duration increases as we get closer to the transition between the High and
transient synchrony regimes and the corresponding peak frequency variability decreases. The mean values
computed from histograms (vertical green lines) are, respectively, 35.00 ms, 74.50 ms, 112.25ms and 514.60 ms,
and those from Eq. 51 (vertical red lines) are 27 ms, 86.10ms, 132.90 ms and 465.50 ms. The associated standard
deviations of the peak frequency variability are respectively SD1=19.1 Hz, SD2=8.1 Hz, SD3=5.4 Hz and
SD4=1.6 Hz. Furthermore, we observe mean burst durations with corresponding peak frequency variability in
the range of the experimental observation for the two intermediate working points (b) and (c).

IR, P35I R BRI 8] AR A W (A% A2 S VR A 43 73] 9 65ms Fl SD=8.8Hz. X L4{H 5RATE (b)
I DUARDRT I, e v PA A R 452 I T B A R AR AR 3 3k 73 il 9 74.50ms A1 SD=8.1Hz. BEAh, SKE T
PN BRI 5 F Al 2 ] (20, AR S Ak B A 1 BE) BB A 4R S92 ) [ B 38 I i 2> o IX MY, E R A AV A
SRR SRS 1) 73 N 62 ZERPHTINE] 65 AV 5, B IEAE A AL 7% AN SD=9Hz 425 T 4% SD=8.8Hz. iX
SCRE T 3RV I ROR V(B AR A8 P (SD=5.4ms) HAHXT 55 55, MIAERMTIHTHIENL (o) o, PIIRKFFEE
I TA) (112.25ms) FE AR R . BB, 72 (b) A (c) RITEIL T, BEA AT RELE {4 N LS R A UG AN AL . )
T (@) T, RRIEESFAL 74 SD=19.1Hz il . AHILZ R, %0 (d) Son 57 M/ SD=1.6 Hz, #it @i
THIRGERE . AL SRR (21) TSR] N 4R 5 B BEALIE BN — B
Joint distribution of burst duration and peak frequency. £ TR, TATHFFAEL 8 Hk 37 A0 FIRE 8 Ry (8] TR
RABIIREL o IS SR R AR TR) RN A AT R 230 A [204 217 S8 . ZEARRIAI YA R AE BRI 1 AE
B3 (B 7)o S5 (B 7(a)) WA s HAT AT R TR 208 h S B B 454, RO ORI, A0 2
ERE 7(d) o, BRGSO EoR T X R TP RO R B] 514ms FIE(EAIAAE 85Hz /oA M. AT, Sibid
FEAH OG IR R R WA A0 5 1) = ] AR 1 AT o B V98 R R 4582 I ) 58 HG R 2o AR R 7047 1A WL 6 38 ) £t e B L A % 9 9 AL
Eitliul g

HARMEOL (B 7(b,c)) MBI gamma $iR3% PR EF I [20,21]. EAID A ER 7 5 FrE:mf 1A
TG AR AR B2 R, IR 2 BT A THEL M SEER AT 78 45 SR AHA [20,21,26). [RItL, FRAISHISE 0, A7 — i
HESHEEH, IR AU 5E 3 (19 A AR SR IR [ FLAH L PR W (B AR AR A o XA XA 2 1l e SRR - 1k 75 X 43
FH—B0 IXFRMW], 75 2L A5 X 26 W 75 R TG e 75 AN B i3 027 VR S 0ok = A LI B i Sk %« sk b, HoAh g
A (B 2 AR 1) H VAL R b B A



200 100

7120

L

>100 150 90

c

S g 100 80

O

= 60 50
60

50 100 150 200 250

N
<
>
0
c
o
=
o
o
(e
0
100 200 300 400 500 1000 1500
Burst duration (ms) Burst duration (ms)

Figure 7. Joint distribution of burst durations and burst peak frequencies. The four cases correspond
respectively to the four different values of R used in previous figures, namely (a) R=0.6288, (b) R=1.2999, (c)
R=1.6900, and (d) R=2.9194. Panels (b,c) best represent the combinations of frequencies and burst durations
seen experimentally.
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Figure 8. Probability distributions of LFPs ((a) and (b)), envelopes ((c) and (d)) and phases ((e) and (f))
computed from LNA versus SAM. Solid lines are distributions computed from LNA Egs. 1 and 2, while
crossed lines are those computed from SAM Eqs. 5 and 6 and Eq. 22. Blues lines (a), (¢) and (e) corresponds
to excitatory components and reds lines (b), (d) and (f) to Inhibitory ones. We can observe good matching
between LNA and SAM dynamics, which shows that the dynamics obtained from SAM are statistically
similar to those in the LNA. The parameters are taken in Table 1.
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Figure 9. Typical burst duration following our approach. Computation of the mean burst duration. The
green bars show the increase and decrease of the envelope process in black. The vertical dashed magenta line
shows the separation between the two mean first passage times. The red bar sets the value of the threshold b.
A typical burst is the epoch during which the envelope stays above the threshold and the burst duration is the

corresponding time.
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