S2 Appendix. Theoretical EEG power spectrum.

Under the assumption of the spatial homogeneity, the mean excitatory and
inhibitory postsynaptic potentials V¢ for neural populations a € {F, I, R, S}
shown in Fig 1 obey the following set of coupled SDDEs

LVi(t) = KepSclVi(t) — Vi) +
KESST[VS?(t — TCT) — Vé(t - TCT)],

Aiz'VEi(t) = folp)KerSclVE(t) — Vi ()],

LVE(t) = KipSc[Va(t) — Vi),

LiVi(t) = KuSc[VF(t) — Vi), (1)
LVE(t) = KspSclVit—Tre) = Vit —mrc)] + (1),

A[A/z'vsi(t) = fr(p)KsrSr[Vx(1)],

L Vi) = KrpSclValt —7r) — Vit — mre)] +

KrsSr[Vs(t) — Vi(t)].

When the system is driven by a constant, uniform mean stimulus level
I(t) = Iy, the spatially-homogeneous resting state of Eqs (1) can be obtained
by setting all of the derivatives to zero, i.e., dV®/dt = 0, for a € {E, I, S, R}
leading to

Vi© = KppSc[Vi® — V'] + KpsSt[Vi© — Vi,
Vi' = Jep)KerSclVi© — Vi,
Vi© = KipSclVg® — Vi,
Vit = KnSclVie = V"], (2)
V*"a = KspSc|VEe — Vi + I,
Vst = fr(p)KsrSt [Vﬁe]q ,
Vie = KpuSelVie — Vi) + KnsSrlVee — Vi,
Linearizing Eqs (1) at the resting state X o = (V3¢, Vi, Ve, Vi Ve Vet Ve T
yields

L(3/at)Y (t) = AY (t) + BY (t — m0¢) + CY (t — 7010) + £(1).  (3)
where

V() = (VE() — VE%, V) — Vi Vi) = Vi Vi) = V7,
V() - Vi, Vi(t) - Vi, Vi) = Vi)

1



£(t) = (0,0,0,0,v2r£(2), 0, O)AT, and the diagonal matrix 13(8/5325) with the
entries L171 = L373 = L575 = L777 = LG(W), and L272 = L474 = L6,6 = LZ<OJ),

and
K —-K; 0 0 0 0 0
0 0  fecpKs —felp)Kz 0 0 0
Ky —Ky 0 0 0 0 0
A= 0 0 K; K; 0 0 0 ,
0 0 0 0 0 0 0
0 0 Ks K; 0 0 fr(p)Kr
0 0 0 0 Ky —Ky 0
0 0 00 0 0 O 0 00 0 Ky —Ky O
0 0 00 0 0 O 0O 0 00 O 0 0
0 0 00 0 0 O 0O 0 0 0 O 0 0
B = 0 0 00 0O0O0],C= 0 0 0 0 O 0 01,
Ksg —Kg 0 0 0 0 O 000 0 O 0 0
0 0 00 0 0 O 000 0 O 0 0
Ky —Kg 0 0 0 0 O 0 0 00 O 0 0
with
- w w - 1w 1w
L, = |1+ — 14+—1, L; =(14+— 14+—1,
@ = ()0 5) B (1) (1+5)
Kl = KEE’ dV ‘V:(Vge_visi), K2 — KES dV |V:(V§E—V§i)7
dSc|V] dSc[V]
K3z = Kgr dv ’v:(vl*e—vl*ip Ky = Kig dV |V:(VE*E—VE*i)a
dSc[V] dSc[V]
K5 = KIIT ’V:(Vl*e_vl*i), KG = KSE v ’VZ(VEE—VEi)7
dSr[V] dSc[V]
K7 = Kgsgr % lv=vge, Ks = Kgp av v=(vge-vi:
dSr[V]
Kg — KRS dV |V=(V§67V§i) .
Note that the constants K;, ¢ = 1,...,9 are proportional to the nonlinear

gain dS(V)/dV computed at the resting state of the system.
If we assume that the EEG is generated by activity of cortical pyramidal
cells V¢, and the external input is projected to the excitatory postsynaptic



potential V¢ in relay neurons, applying the Wiener-Khinchine theorem yields

the following EEG power spectrum

Py(w) = 26V21 ‘61,5((.0)

where
Le(w) — K1 K1 0 0
0 Li(w) —fe(P) K3 fe(P)Ks
_ 1 —Ky Ky Le(w) )
G(w) = — 0 0 — K5 Li(w)+ K5
vors 7K66—11WTTC Kae—iw‘rTc 0 0
0 0 0 0
—Kge WTTC  Kge 'WTTC 0 0
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