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CORTICO-THALAMIC BRAIN MODEL DETAILS

The differential equation system (13) develops as

τe
dVe(t)

dt
= −Ve(t) + FeTc(Ve(t)− Vi(t)) + FctTth(Vth,e(t)− Vth,i(t)) + FccxSe(v(t)) + µe + Ie + ξe(t) + b1u(t)

τi
dVi(t)

dt
= −Vi(t) + FiTc(Ve(t)− Vi(t)) + µi + Ii + ξi(t) + b2u(t)

τth,e
dVth,e(t)

dt
= −Vth,e(t) + FtcTc(Ve(t− τ)− Vi(t− τ)) + µth,e + ξth,e(t)

τth,i
dVth,i(t)

dt
= −Vth,i(t) + FtrTret(Vret(t)) + µth,i + ξth,i(t)

τret
dVret(t)

dt
= −Vret(t) + FrtTth(Vth,e(t)− Vth,i(t)) + FrcTc(Ve(t− τ)− Vi(t− τ)) + µret + ξret(t)

τce
dv(t)

dt
= −v(t) + FcxSe(v(t))−McxSi(w(t)) +Mcx,thTth(Vth,e(t− τ)− Vth,i(t− τ)) + µce + Ice + ξce(t) + b3u(t)

τci
dw(t)

dt
= −w(t)− FcxSi(w(t)) +McxSe(v(t)) + µci + Ici + ξci(t) + b4u(t)

(S1)

where the transfer functions are defined as
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(S2)

The ξx terms represent the driving noises, which are uncorrelated Gaussian noise defined as

⟨ξx(t)⟩ = 0 , ⟨ξx(t)ξy(t′)⟩ =
Qx

N
δxyδ(t− t′),

with x = e, i, (th, e), (th, i), ret, ce, ci. The variances in Eq. (S2) are defined as

σ2c =
Qe

τe
+

Qi

τi
, σ2th =

Qth,e

τth,e
+

Qth,i

τth,i
, σ2ret =

Qret

τret

σ2ce =
Qce

τce
, σ2ci =

Qci
τci

All the parameters are given in Table S1.
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parameter description value

τe exc. decay time (infragranular) 10 ms
τi inh. decay time (infragranular) 50 ms
τth,e exc. decay time (relay) 5 ms
τth,i inh. decay time (relay) 30 ms
τret exc. decay time (reticular) 8 ms
τce exc. decay time (supragranular) 5 ms
τci inh. decay time (supragranular) 20 ms
τ cortico-thalamic propagation delay 40 ms
Fe exc. synaptic strength 1.0
Fi inh. synaptic strength 2.0
Fct synaptic strength (relay → cortex) 1.2
Ftc synaptic strength (cortex → relay)) 1.0
Ftr synaptic strength (reticular → relay) 1.0
Frt synaptic strength (relay → reticular) 0.3
Frc synaptic strength (cortex → reticular) 0.6
Fcx synaptic strength (exc. → exc.) 2.18
Mcx synaptic strength (inh. → exc.) 3.88
Fccx synaptic strength (supragranular → infragranular) 0.05
Fcx,th synaptic strength (thalamic relay → supragranular) 0.1
µe exc. noise input (infragranular) 0.1
µi inh. noise input (infragranular) 0.0
µth,e exc. noise input (relay) 1.3
µth,i inh. noise input (relay) 1.0
µret exc. noise input (reticular) 0.0
µce exc. noise input (supragranular) 0.05
µci inh. noise input (supragranular) 0.05
Ie exc. resting input (infragranular) 2.7
Ii inh. resting input (infragranular) 1.7
Ice exc. resting input (supragranular) 1.1
Ici inh. resting input (supragranular) 0.4
Qe exc. input noise variance (infragranular) (pathological) 3× 10−5

Q′
e exc. input noise variance (infragranular) (healthy) 5× 10−5

Qi inh. input noise variance (infragranular) 0.001
Qth,e exc. input noise variance (relay) (pathological) 2.5× 10−6

Q′
th,e exc. input noise variance (relay) (healthy) 1.2× 10−5

Qth,i inh. input noise variance (relay) 12.6× 10−6

Qret exc. input noise variance (reticular) 10.9× 10−6

Qce exc. input noise (supragranular) 2× 10−5

Qci inh. input noise (supragranular) (pathological) 8× 10−5

Q′
ci inh. input noise (supragranular) (healthy) 1× 10−6

N number of neurons 1000
b1,2,3,4 input coupling constants 1
c1 observation coefficient (supragranular) 0.3
c3 observation coefficient (infragranular) 1

Table S1. Parameter set of model (S1). The choice of parameters is for the most part based on the paper in which it was developed Riedinger and Hutt (2022)
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