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1 Details of Rubin and Terman’s model

In this report we describe the mathematical model extracted from an XPPAUT
file provided by David Terman. Each cell type is modeled with a single-compartment
conductance-based biophysical Hodgkin-Huxley-like model. Every modification
we made to the original file in order to perform our own simulations is indicated
explicitely.

1.1 Differential equations associated to each cell model

For clarity, dependences of ion currents on membrane voltage and gating vari-
ables are omitted. See subsection 1.2 of this appendix for the details of these
dependences.

1.1.1 Differential equations for STN cells

• v is the voltage of STN neurons.

∀j ∈ {1, . . . , 8} :
d
dtv

STN,j
M = −iST N,j

L −iST N,j
Na −iST N,j

K −iST N,j
AHP −iST N,j

Ca −iST N,j
T −iST N,j

GP e→ST N+jIST N
0 +iST N,j

HF S

CST N
M

d
dth

STN,j = φSTN
h

hST N
∞ (vST N,j

M )−hST N,j

τST N
h (vST N,j

M )
d
dtn

STN,j = φSTN
n

nST N
∞ (vST N,j

M )−nST N,j

τST N
n (vST N,j

M )
d
dtr

STN,j = φSTN
r

rST N
∞ (vST N,j

M )−rST N,j

τST N
r (vST N,j

M )
d
dtx

STN,j
Ca = φSTN

xCa
εSTN
xCa

(
−iSTN,j

Ca − iSTN,j
T − kSTN

Ca xSTN,j
Ca

)
d
dts

STN,j = αSTN
(
1− sSTN,j

)
HSTN
∞

(
vSTN,j

M − θSTN
g

)
− βSTNsSTN,j

1.1.2 Differential equations for GPe cells

∀j ∈ {1, . . . , 8} :
d
dtv

GPe,j
M = −iGP e,j

L −iGP e,j
Na −iGP e,j

K −iGP e,j
AHP −iGP e,j

Ca −iGP e,j
T −iGP e,j

GP e→GP e−iGP e,j
ST N→GP e+jIGP e

0 +IGP e
app

CGP
M

d
dth

GPe,j = φGP
h

hGP
∞ (vGP e,j

M )−hGP e,j

τGP
h (vGP e,j

M )
d
dtn

GPe,j = φGP
n

nGP
∞ (vGP e,j

M )−nGP e,j

τGP
n (vGP e,j

M )
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d
dtr

GPe,j = φGP
r

rGP
∞ (vGP e,j

M )−rGP e,j

τGP
r

d
dtx

GPe,j
Ca = εGP

xCa

(
−iGPe,j

Ca − iGPe,j
T − kGP

Ca xGPe,j
Ca

)
d
dts

GPe,j = αGP
(
1− sGPe,j

)
HGP
∞

(
vGPe,j

M − θGP
g

)
− βGPesGPe,j

1.1.3 Differential equations for GPi cells

∀j ∈ {1, . . . , 8} :
d
dtv

GPi,j
M = −iGP i,j

L −iGP i,j
Na −iGP i,j

K −iGP i,j
AHP −iGP i,j

Ca −iGP i,j
T −iGP i,j

ST N→GP i+IGP i
app

CGP
M

d
dth

GPi,j = φGP
h

hGP
∞ (vGP i,j

M )−hGP i,j

τGP
h (vGP i,j

M )
d
dtn

GPi,j = φGP
n

nGP
∞ (vGP i,j

M )−nGP i,j

τGP
n (vGP i,j

M )
d
dtr

GPi,j = φGP
r

rGP
∞ (vGP i,j

M )−rGP i,j

τGP
r

d
dtx

GPi,j
Ca = εGP

xCa

(
−iGPi,j

Ca − iGPi,j
T − kGP

Ca xGPi,j
Ca

)
d
dts

GPi,j = αGP
(
1− sGPi,j

)
HGP
∞

(
vGPi,j

M − θGP
g

)
− βGPisGPi,j

1.1.4 Differential equations for thalamic cells

∀j ∈ {1, 2} :
d
dtv

Thl,j
M = −iT hl,j

L −iT hl,j
Na −iT hl,j

K −iT hl,j
T −iT hl,j

GP i→T hl+iT hl,j
SM

CT hl
M

d
dth

Thl,j = φThl
h

hT hl
∞ (vT hl,j

M )−hT hl,j

τT hl
h (vT hl,j

M )
d
dtr

Thl,j = φThl
r

rT hl
∞ (vT hl,j

M )−rT hl,j

τT hl
r (vT hl,j

M )

1.2 Ion currents

1.2.1 STN cells’ currents

∀j ∈ {1, . . . , 8} :
iSTN,j
L = gSTN

L

(
vSTN,j

M − V STN
L

)
iSTN,j
Na = gSTN

Na

(
mSTN
∞

(
vSTN,j

M

))3

hSTN,j
(
vSTN,j

M − V STN
Na

)
iSTN,j
K = gSTN

K

(
nSTN,j

)4
(
vSTN,j

M − V STN
K

)
iSTN,j
AHP = gSTN

AHP

(
vSTN,j

M − V STN
K

)
xST N,j

Ca

xST N,j
Ca +kST N

1

iSTN,j
Ca = gSTN

Ca

(
sSTN
∞

(
vSTN,j

M

))2 (
vSTN,j

M − V STN
Ca

)
iSTN,j
T = gSTN

T

(
aSTN
∞

(
vSTN,j

M

))3(
bSTN
∞

(
rSTN,j

))2
(
vSTN,j

M − V STN
Ca

)
iSTN,j
GPe→STN = gGPe→STN

(
vSTN,j

M − VGPe→STN

)
sSTN,j

GPe→STN

iSTN,j
HFS =

 ISTN
HFSY

(
sin

(
ωSTN

HFSt
)
− aSTN

HFS

)
(Terman’s file)

ISTN
HFSY

(
sin

(
2πt

T ST N
HF S

)) (
1− Y

(
sin

(
2π(t+wST N

HF S)
T ST N

HF S

)))
(Our simulations)
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1.2.2 GPe cells’ currents

∀j ∈ {1, . . . , 8} :
iGPe,j
L = gGP

L

(
vGPe,j

M − V GP
L

)
iGPe,j
Na = gGP

Na

(
mGP
∞

(
vGPe,j

M

))3

hGPe,j
(
vGPe,j

M − V GP
Na

)
iGPe,j
K = gGP

K

(
nGPe,j

)4
(
vGPe,j

M − V GP
K

)
iGPe,j
AHP = gGP

AHP

(
vGPe,j

M − V GP
K

)
xGP e,j

Ca

xGP e,j
Ca +kGP

1

iGPe,j
Ca = gGP

Ca

(
sGP
∞

(
vGPe,j

M

))2 (
vGPe,j

M − V GP
Ca

)
iGPe,j
T = gGP

T

(
aGP
∞

(
vGPe,j

M

))3

rGPe,j
(
vGPe,j

M − V GP
Ca

)
iGPe,j
GPe→GPe = gGPe→GPe

(
vGPe,j

M − VGPe→GPe

)
sGPe,j

GPe→GPe

iGPe,j
STN→GPe = gSTN→GPe

(
vGPe,j

M − VSTN→GPe

)
sGPe,j

STN→GPe

1.2.3 GPi cells’ currents

∀j ∈ {1, . . . , 8} :
iGPi,j
L = gGP

L

(
vGPi,j

M − V GP
L

)
iGPi,j
Na = gGP

Na

(
mGP
∞

(
vGPi,j

M

))3

hGPi,j
(
vGPi,j

M − V GP
Na

)
iGPi,j
K = gGP

K

(
nGPi,j

)4
(
vGPi,j

M − V GP
K

)
iGPi,j
AHP = gGP

AHP

(
vGPi,j

M − V GP
K

)
xGP i,j

Ca

xGP i,j
Ca +kGP

1

iGPi,j
Ca = gGP

Ca

(
sGP
∞

(
vGPi,j

M

))2 (
vGPi,j

M − V GP
Ca

)
iGPi,j
T = gGP

T

(
aGP
∞

(
vGPi,j

M

))3

rGPi,j
(
vGPi,j

M − V GP
Ca

)
iGPi,j
STN→GPi =

 gSTN→GPi

(
vGPi,j

M − VSTN→GPi

)
Y

(
vGPi,j

STN→GPi − θSTN→GPi

)
(Terman’s file)

gSTN→GPi

(
vGPi,j

M − VSTN→GPi

)
sGPi,j

STN→GPi (Our simulations)

1.2.4 Thalamic cells’ currents

∀j ∈ {1, 2} :
iThl,j
L = gThl

L

(
vThl,j

M − V Thl
L

)
iThl,j
Na = gThl

Na

(
mThl
∞

(
vThl,j

M

))3

hThl,j
(
vThl,j

M − V Thl
Na

)
iThl,j
K = gThl

K

(
0.75

(
1− hThl,j

))4
(
vThl,j

M − V Thl
K

)
iThl,j
T = gThl

T

(
pThl
∞

(
vThl,j

M

))2

rThl,j
(
vThl,j

M − V Thl
T

)
iThl,j
GPi→Thl = gGPi→Thl

(
vThl,j

M − VGPi→Thl

)
sThl,j

GPi→Thl

iThl,j
SM = IThl

SM Y

(
sin

(
2π(t−dT hl

SM)
T T hl

SM

)) (
1− Y

(
sin

(
2π(t−dT hl

SM +wT hl
SM )

T T hl
SM

)))
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1.3 Gating functions

1.3.1 STN cells’ gating functions

mSTN
∞ (·) = 1

1+exp

�
− ·−θST N

m
σST N

m

�

hSTN
∞ (·) = 1

1+exp

�
·−θST N

h
σST N

h

�

nSTN
∞ (·) = 1

1+exp

�
− ·−θST N

n
σST N

n

�

sSTN
∞ (·) = 1

1+exp

�
− ·−θST N

s
σST N

s

�

aSTN
∞ (·) = 1

1+exp

�
− ·−θST N

a
σST N

a

�

bSTN
∞ (·) = 1

1+exp

�
−
·−θST N

b
σST N

b

� − 1

1+exp

�
θST N

b
σST N

b

�

rSTN
∞ (·) = 1

1+exp

�
·−θST N

r
σST N

r

�

τSTN
h (·) = τSTN

h0 + τST N
h1

1+exp

�
·−θST N

hτ
σST N

hτ

�

τSTN
n (·) = τSTN

n0 + τST N
n1

1+exp

�
·−θST N

nτ
σST N

nτ

�

τSTN
r (·) = τSTN

r0 + τST N
r1

1+exp

�
·−θST N

rτ
σST N

rτ

�

HSTN
∞ (·) = 1

1+exp

�
−
·−θST N

gH

σST N
gH

�

1.3.2 GPe and GPi cells’ shared gating functions

mGP
∞ (·) = 1

1+exp

�
− ·−θGP

m
σGP

m

�

hGP
∞ (·) = 1

1+exp

�
·−θGP

h
σGP

h

�

nGP
∞ (·) = 1

1+exp

�
− ·−θGP

n
σGP

n

�

sGP
∞ (·) = 1

1+exp

�
− ·−θGP

s
σGP

s

�

aGP
∞ (·) = 1

1+exp

�
− ·−θGP

a
σGP

a

�

rGP
∞ (·) = 1

1+exp

�
·−θGP

r
σGP

r

�

τGP
h (·) = τGP

h0 + τGP
h1

1+exp

�
·−θGP

hτ
σGP

hτ

�

τGP
n (·) = τGP

n0 + τGP
n1

1+exp

�
·−θGP

nτ
σGP

nτ

�

HGP
∞ (·) = 1

1+exp

�
−
·−θGP

gH

σGP
gH

�
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1.3.3 Thalamic cells’ gating functions

mThl
∞ (·) = 1

1+exp

�
− ·−θT hl

m
σT hl

m

�

hThl
∞ (·) = 1

1+exp

�
·−θT hl

h
σT hl

h

�

pThl
∞ (·) = 1

1+exp

�
−
·−θT hl

p

σT hl
p

�

rThl
∞ (·) = 1

1+exp

�
·−θT hl

r
σT hl

r

�

aThl
h (·) = aThl

h0 exp
(
− ·−θT hl

ah

σT hl
ah

)
bThl
h (·) = bT hl

h0

1+exp

�
−
·−θT hl

bh
σT hl

bh

�

τThl
h (·) = 1

aT hl
h (·)+bT hl

h (·)

τThl
r (·) = τThl

r0 + τThl
r1 exp

(
− ·−θT hl

rτ

σT hl
rτ

)

1.3.4 Auxiliary sigmoidal function

Y (·) = 1

1+exp
�
− ·

σY

�

1.4 Connections among cells

1.4.1 From GPe to STN

sSTN,1
GPe→STN

sSTN,2
GPe→STN

sSTN,3
GPe→STN

sSTN,4
GPe→STN

sSTN,5
GPe→STN

sSTN,6
GPe→STN

sSTN,7
GPe→STN

sSTN,8
GPe→STN


=



0 1 0 0 1 0 0 0
1 0 0 0 0 1 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
1 0 0 0 1 0 0 0
0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0





sGPe,1

sGPe,2

sGPe,3

sGPe,4

sGPe,5

sGPe,6

sGPe,7

sGPe,8


1.4.2 From GPe to GPe

sGPe,1
GPe→GPe

sGPe,2
GPe→GPe

sGPe,3
GPe→GPe

sGPe,4
GPe→GPe

sGPe,5
GPe→GPe

sGPe,6
GPe→GPe

sGPe,7
GPe→GPe

sGPe,8
GPe→GPe


=



0 1 1 0 0 0 0 0
1 0 0 0 1 0 0 0
0 0 0 1 0 0 0 1
1 0 1 0 0 0 0 0
0 0 0 0 0 1 1 0
0 1 0 0 1 0 0 0
0 0 1 0 0 0 0 1
0 0 0 1 0 0 1 0





sGPe,1

sGPe,2

sGPe,3

sGPe,4

sGPe,5

sGPe,6

sGPe,7

sGPe,8


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1.4.3 From STN to GPe

sGPe,1
STN→GPe

sGPe,2
STN→GPe

sGPe,3
STN→GPe

sGPe,4
STN→GPe

sGPe,5
STN→GPe

sGPe,6
STN→GPe

sGPe,7
STN→GPe

sGPe,8
STN→GPe


=



0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
1 0 0 0 1 0 0 0
0 1 0 0 0 1 0 0
0 0 0 1 0 0 0 1
0 0 1 0 0 0 1 0
0 1 0 0 1 0 0 0
1 0 0 0 0 1 0 0





sSTN,1

sSTN,2

sSTN,3

sSTN,4

sSTN,5

sSTN,6

sSTN,7

sSTN,8


1.4.4 From STN to GPi

vGPi,1
STN→GPi

vGPi,2
STN→GPi

vGPi,3
STN→GPi

vGPi,4
STN→GPi

vGPi,5
STN→GPi

vGPi,6
STN→GPi

vGPi,7
STN→GPi

vGPi,8
STN→GPi


=



1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1





vSTN,1
M

vSTN,2
M

vSTN,3
M

vSTN,4
M

vSTN,5
M

vSTN,6
M

vSTN,7
M

vSTN,8
M


(Terman’s file)



sGPi,1
STN→GPi

sGPi,2
STN→GPi

sGPi,3
STN→GPi

sGPi,4
STN→GPi

sGPi,5
STN→GPi

sGPi,6
STN→GPi

sGPi,7
STN→GPi

sGPi,8
STN→GPi


=



1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 1 0 0 0 0
0 0 0 0 1 0 0 0
0 0 0 0 0 1 0 0
0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 1





sSTN,1

sSTN,2

sSTN,3

sSTN,4

sSTN,5

sSTN,6

sSTN,7

sSTN,8


(Our simulations)

1.4.5 From GPi to Thl

(
sThl,1

GPi→Thl

sThl,2
GPi→Thl

)
=

(
1 1 0 0 1 1 0 0
0 0 1 1 0 0 1 1

)


sGPi,1

sGPi,2

sGPi,3

sGPi,4

sGPi,5

sGPi,6

sGPi,7

sGPi,8


1.5 Parameters

1.5.1 STN cells’ parameters

• Membrane capacitance:
Parameter Value

CSTN
M 1 pF

(µm)2
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• Leak current related parameters:
Parameter Value

gSTN
L 2.25 nS

(µm)2

V STN
L −60 mV

• Sodium current related parameters:
Parameter Value

gSTN
Na 37.5 nS

(µm)2

V STN
Na 55 mV

θSTN
m −30 mV

σSTN
m 15 mV

θSTN
h −39 mV

σSTN
h 3.1 mV

τSTN
h0 1 ms

τSTN
h1 500 ms

θSTN
hτ −57 mV

σSTN
hτ 3 mV

φSTN
h 0.75

• Potasium current related parameters:
Parameter Value

gSTN
K 45 nS

(µm)2

V STN
K −80 mV

θSTN
n −32 mV

σSTN
n 8 mV

τSTN
n0 1 ms

τSTN
n1 100 ms

θSTN
nτ −80 mV

σSTN
nτ 26 mV

φSTN
n 0.75

• High-threshold calcium current related parameters:
Parameter Value

gSTN
Ca 0.5 nS

(µm)2

V STN
Ca 140 mV

θSTN
s −39 mV

σSTN
s 8 mV

• Low-threshold T-type calcium current related parameters:
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Parameter Value
gSTN

T 0.5 nS
(µm)2

θSTN
a −63 mV

σSTN
a 7.8 mV

θSTN
b 0.25 mV

σSTN
b 0.07 mV

θSTN
r −67 mV

σSTN
r 2 mV

τSTN
r0 7.1 ms

τSTN
r1 17.5 ms

θSTN
rτ 68 mV

σSTN
rτ 2.2 mV

φSTN
r 0.5

• Calcium-activated voltage-independent “afterhyperpolarization” potasium
current related parameters:
Parameter Value

gSTN
AHP 9 nS

(µm)2

kSTN
1 15

kSTN
Ca 22.5 pA

(µm)2

φSTN
xCa

0.75
εSTN
xCa

5× 10−5 (µm)2

pA (ms)−1

• Synaptic state-variables related parameters:
Parameter Value

αSTN 5
βSTN 1
θSTN

g 30 mV

θSTN
gH −39 mV

σSTN
gH 8 mV

• Afferent synaptic currents related parameters:
Parameter Value
gGPe→STN 0.9 nS

(µm)2

VGPe→STN −100 mV

• Constant current (used to multiply by the cell index number to create
slight imbalance):
Parameter Value

ISTN
0 2 pA

(µm)2

• HFS related parameters (Terman’s file):
Parameter Value

ISTN
HFS 0 pA

(µm)2 (no HFS) ; 400 pA
(µm)2 (HFS)

ωSTN
HFS 0.5 rad

ms

aSTN
HFS 0.9

• HFS related parameters (Our simulations):

8



Parameter Value
ISTN
HFS 0 pA

(µm)2 (no HFS) ;
21.43, 42.86, 64.29, 85.71, 107.1, 128.6, 150.0, 171.4,

192.9, 214.3, 235.7, 257.1, 278.6, 300.0 pA
(µm)2 (HFS)

TSTN
HFS 3.00, 6.00, 20.0, 40.0 ms

wSTN
HFS 0.150, 0.300, 0.600, 0.900 ms

1.5.2 GPe and GPi cells’ shared parameters

• Membrane capacitance:
Parameter Value

CGP
M 1 pF

(µm)2

• Leak current related parameters:
Parameter Value

gGP
L 0.1 nS

(µm)2

V GP
L −55 mV

• Sodium current related parameters:
Parameter Value

gGP
Na 120 nS

(µm)2

V GP
Na 55 mV

θGP
m −37 mV

σGP
m 10 mV

θGP
h −58 mV

σGP
h 12 mV

τGP
h0 0.05 ms

τGP
h1 0.27 ms

θGP
hτ −40 mV

σGP
hτ 12 mV

φGP
h 0.05

• Potasium current related parameters:
Parameter Value

gGP
K 30 nS

(µm)2

V GP
K −80 mV

θGP
n −50 mV

σGP
n 14 mV

τGP
n0 0.05 ms

τGP
n1 0.27 ms

θGP
nτ −40 mV

σGP
nτ 12 mV

φGP
n 0.05

• High-threshold calcium current related parameters:
Parameter Value

gGP
Ca 0.1 nS

(µm)2

V GP
Ca 120 mV

θGP
s −35 mV

σGP
s 2 mV
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• Low-threshold T-type calcium current related parameters:
Parameter Value

gGP
T 0.5 nS

(µm)2

θGP
a −57 mV

σGP
a 2 mV

θGP
r −70 mV

σGP
r 2 mV

τGP
r 30 ms

φGP
r 1

• Calcium-activated voltage-independent “afterhyperpolarization” potasium
current related parameters:
Parameter Value

gGP
AHP 30 nS

(µm)2

kGP
1 30

kGP
Ca 20 pA

(µm)2

εGP
xCa

1× 10−4 (µm)2

pA (ms)−1

• Synaptic state-variables related parameters:
Parameter Value

αGP 2
θGP

g 20 mV

θGP
gH −57 mV

σGP
gH 2 mV

1.5.3 GPe cells’ non-shared parameters

• Synaptic state-variables related parameter:
Parameter Value

βGPe 0.04

• Afferent synaptic currents related parameters:
Parameter Value
gGPe→GPe 1 nS

(µm)2 (normal) ; 0 nS
(µm)2 (Parkinsonian)

VGPe→GPe −80 mV

gSTN→GPe 0.3 nS
(µm)2

VSTN→GPe 0 mV

• Constant current (used to multiply by the cell index number to create
slight imbalance):
Parameter Value

IGPe
0 0.3 pA

(µm)2

• External applied current:
Parameter Value

IGPe
app −0.5 pA

(µm)2 (normal) ; −2.3 pA
(µm)2 (Parkinsonian)
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1.5.4 GPi cells’ non-shared parameters

• Synaptic state-variables related parameters:
Parameter Value

βGPi 0.08

• Afferent synaptic currents related parameters:
Parameter Value
gSTN→GPi 1 nS

(µm)2

VSTN→GPi 0 mV
θSTN→GPi 0 mV

• External applied current:
Parameter Value

IGPi
app −1.2 pA

(µm)2

1.5.5 Thalamic cells’ parameters

• Membrane capacitance:
Parameter Value

CThl
M 1 pF

(µm)2

• Leak current related parameters:
Parameter Value

gThl
L 0.05 nS

(µm)2

V Thl
L −70 mV

• Sodium current related parameters:
Parameter Value

gThl
Na 3 nS

(µm)2

V Thl
Na 50 mV

θThl
m −37 mV

σThl
m 7 mV

θThl
h −41 mV

σThl
h 4 mV

aThl
h0 0.128 (ms)−1

θThl
ah −46 mV

σThl
ah 18 mV

bThl
h0 4 (ms)−1

θThl
bh −23 mV

σThl
bh 5 mV

φThl
h 1

• Potasium current related parameters:
Parameter Value

gThl
K 5 nS

(µm)2

V Thl
K −90 mV

• Low-threshold T-type calcium current related parameters:
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Parameter Value
gThl

T 5 nS
(µm)2

V Thl
T 0 mV

θThl
p −60 mV

σThl
p 6.2 mV

θThl
r −84 mV (but see note 1 below)

σThl
r 4 mV

τThl
r0 28 ms (but see note 2 below)

τThl
r1 1 ms

θThl
rτ −25 mV

σThl
rτ 10.5 mV (but see notes 1 and 2 below)

φThl
r 2.5

Note 1: For the perturbation example we took θThl
r = −79.8 mV and

σThl
rτ = 11.025 mV .

Note 2: For the simulation of a “fast” T-current we took τThl
r0 = 5 ms and

σThl
rτ = 15mV .

• Afferent synaptic currents related parameters:
Parameter Value
gGPi→Thl 0.15 nS

(µm)2

VGPi→Thl −85 mV

• Sensorimotor signal related parameters:
Parameter Value

IThl
SM 8 pA

(µm)2

TThl
SM 25 ms (Terman’s file) ; 50 ms (Our simulations)

wThl
SM 5 ms

dThl
SM 80 ms

• Auxiliary sigmoidal function related parameter:
Parameter Value

σY 0.001

12


