
Modelling large scale brain dynamics 
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Electroencephalogram (EEG) power spectrum

EEG records the activity of 
~ 105 pyramidal neurons. 
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oscillatory brain modes, large scale distributed brain networks, pattern connectivity, cortical micro 
states, predictive coding, … [Magnetoencephalography in Cognitive Neuroscience:  A Primer, 2019 
Neuron, Joachim Gross]
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activity of 

~ 105 pyramidal neurons



Localised    rebound?�
S E Robson, M J Brookes, …, P F Liddle, and P G Morris. Abnormal visuomotor 
processing in schizophrenia. NeuroImage: Clinical, 12:869 – 878, 2016. 
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Cortical modelling

Santiago Ramón y Cajal
1900 Golgi’s black reaction
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Traditional (phenomenological) approaches

g = ⌘ ⇤ f
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or
Qg = f

h

Firing rate activity f(E)



Spatially extended models

g = w⇥ � � f
Simplest neural field model:  Wilson-Cowan (‘72), Amari (‘77)

g = u(x, t)

w(|x ⇤ y|)

f(u(x, t ⇤ |x ⇤ y|/v))

x y

u(x, t) =

Z1

-1
dyw(|x- y|)

Zt

0

ds⌘(t- s)f � u(y, s- |x- y|/v)

<latexit sha1_base64="03WK17iLSgFpPKITlUnnvVSC6yE="></latexit>
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Turing instability analysis
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A spherical brain (Nunez) model

VK. Jirsa, et al. Spatiotemporal Forward Solution of the EEG and MEG Using Network Modeling, IEEE Trans. Med. Img., Vol. 21, 2002

Figure 1. Magnitude and phase plots at normal mode 
frequencies. Left: magnitude. Right: cosine phase. 
top: I d .  middle: 1 4 .  bottom 1=8. 

conditions and hnite propagation velocities associ- 
ated with the neocortex 

NONLINEAR DYNAMICS. 

We introduce a nonlinearity in order to e m i n e  
the impact of complex local cirucit dynamics on the 
global wave phenomenon. Since we arc shnulatbg J. 
metaphorical system, the choice of nonlinearity is ar- 
bihaxy, and we pick a cubic nonlinearity. The system 
is now a sphericil membrane with nonhear stiffness, 
similar to a stiffening spring. Membrane dynamics 
are then govemed by 

where we seek solutions of the form of Eq. 1 for dif- 
ferent initial conditions. Direct substitution of Eq. 1 
into Eq. 5 yields the infinite set of differential equa- 
tions 

Where 

-7. .,, ... .. L , I, ,, .. . I  ' 
Figure 2. Amplitude spectrum and phase-plane pro- 
jection for the eigenfunctions of the nonlinear spheri- 
cal membrane. Left:amplitude spec". Right: 
phase plane projection Top: Y Middle: Y ,. Bot- 
tom: Y, 

Truncated solutions are computed of inmasing order 
until spatial and tempoxai convergence criteria are 
met. Examples of the calculated amplitude spectra 
and phase plane projection are given in Egure 2, 
where the initial condition is given by 
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synchrony 
assumed / cannot 

rebound

Symmetric bifurcation theory

Normal form analysis



An exact mean field model

i = 1, . . . ,N
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Qg =
w

N

NX

j=1

X

m

�(t- Tm
j )

d

dt
vi = ⌘i + v2i + g(t)(vsyn - vi)
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Ask Carlo!
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Synapse model

Phase variable
(theta neuron)

vi = tan(✓i/2)

t0



Routes to mean field N ! 1
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Continuity eqn for density                                          ⇢t +r · J = 0
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Dynamics are neural mass like

t

<latexit sha1_base64="gOzrND4HGSTT/6Y7JxOFLwX4o58=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KevDYgq2FNpTNdtOu3WzC7kQoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+C8c3Mf3ji2ohY3eMk4X5Eh0qEglG0UhP75Ypbdecgq8TLSQVyNPrlr94gZmnEFTJJjel6boJ+RjUKJvm01EsNTygb0yHvWqpoxI2fzQ+dkjOrDEgYa1sKyVz9PZHRyJhJFNjOiOLILHsz8T+vm2J45WdCJSlyxRaLwlQSjMnsazIQmjOUE0so08LeStiIasrQZlOyIXjLL6+S9kXVq1Wvm7VK/TaPowgncArn4MEl1OEOGtACBhye4RXenEfnxXl3PhatBSefOYY/cD5/AOSjjQY=</latexit>

Tm

<latexit sha1_base64="gBLTXgnAMSQN5YDElfrX8rTaxTk=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnor6MFjxX5Bu5Zsmm1Dk+ySZIWy9Cd48aCIV3+RN/+N2XYP2vpg4PHeDDPzgpgzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5CbzO09UaRbJppnG1Bd4JFnICDZWemg+ikG54lbdOdAq8XJSgRyNQfmrP4xIIqg0hGOte54bGz/FyjDC6azUTzSNMZngEe1ZKrGg2k/np87QmVWGKIyULWnQXP09kWKh9VQEtlNgM9bLXib+5/USE175KZNxYqgki0VhwpGJUPY3GjJFieFTSzBRzN6KyBgrTIxNp2RD8JZfXiXti6pXq17f1yr12zyOIpzAKZyDB5dQhztoQAsIjOAZXuHN4c6L8+58LFoLTj5zDH/gfP4AMr2NxQ==</latexit>

Qg =

<latexit sha1_base64="NHQ4ux4H182OFXlt4oX+5FsMcUU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIQV0IRTcuW7APaEOZTG/aoZNJmJkINQR/xY0LRdz6H+78G6dpF9p64MLhnHvnzj1+zJnSjvNtFVZW19Y3ipulre2d3T17/6ClokRSaNKIR7LjEwWcCWhqpjl0Ygkk9Dm0/fHt1G8/gFQsEvd6EoMXkqFgAaNEG6lvHzVwL38l9XkCWTrM8DXu22Wn4uTAy8SdkzKao963v3qDiCYhCE05UarrOrH2UiI1oxyyUi9REBM6JkPoGipICMpL870ZPjXKAAeRNCU0ztXfEykJlZqEvukMiR6pRW8q/ud1Ex1ceikTcaJB0NmiIOFYR3gaBR4wCVTziSGESmb+iumISEK1CaxkQnAXT14mrfOKW61cNarl2s08jiI6RifoDLnoAtXQHaqjJqLoET2jV/RmPVkv1rv1MWstWPOZQ/QH1ucP7WmU5w==</latexit>

Z(t)

<latexit sha1_base64="HxDXzb186NN4YqTX8gZkHPFzuns=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFNRb0YvHCvYD26Vk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPphpTH2BR5KFjGCTSY9Vcz4oV9yaOwdaJV5OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2V+ommMSYTPKI9SyUWVPvp/NYZOrPKEIWRsiUNmqu/J1IstJ6KwHYKbMZ62cvE/7xeYsIrP2UyTgyVZLEoTDgyEcoeR0OmKDF8agkmitlbERljhYmx8ZRsCN7yy6ukfVHz6rXr+3qlcZPHUYQTOIUqeHAJDbiDJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPV9eNzQ==</latexit>

R =
1

⇡
Re

✓
1- Z⇤

1+ Z⇤

◆

<latexit sha1_base64="cIktb7ue+BmBZhZcnsSUbfvEVgw="></latexit>

<latexit sha1_base64="bAlAELF5REkypfcFLVkBdRNGgHo="></latexit>w

<latexit sha1_base64="7GFMsZZrVddzRb5zjZrZSMVuuh0="></latexit>

Qg = wR

<latexit sha1_base64="08P9wjbTkWD/aVajF4ehy925f9E=">AAADTXicbVHdbtMwGHUyYKMbrINLbiwqpKGpVRNNwA3SBNPEZZHoNi3JKsf50llznMh2CpXlZ+MRuEbiNbhDCDctU39mKdLx+fkcnS+tOFO63//p+VsPHj7a3nnc2t178nS/ffDsXJW1pDCkJS/lZUoUcCZgqJnmcFlJIEXK4SK9/TjTLyYgFSvFFz2tICnIWLCcUaIdNWpP4rNTY422+Aq/x13McJxLQs3hVTd4fR1aE1p8dM cd3XFRNx6ToiBOdBHQZFQ2cDIysYZv2qipsBaPEzfzf/o6dDOb9HjU7vR7/ebgTRAsQActzmB04H2Ps5LWBQhNOVEqCvqVTgyRmlEOthXXCipCb8kYIgcFKUAlpinI4leOyXBeSvcJjRt2OWFIodS0SJ2zIPpGrWsz8j4tqnX+LjFMVLUGQecP5TXHusSztnHGJFDNpw4QKpn7V0xviKtDu520YgkCvtLS9SgyE0+A2ihI5gWmuekE1q57MmtMLAuczaRlARYC2JUuDNQc5MaY+59adgxObRQ6Q7O7uJr1TDh2vqVLuB46Wwllc3s2N7qVB+sL3gTnYS940zv+fNw5+bBY/g56gV6iQxSgt+gEfUIDNEQU/fJ8b9fb83/4v/0//t+51fcWmedo5Wxt/wPVPg3S</latexit>

d

dt
Z = -i

(Z- 1)2

2
+

(Z+ 1)2

2
[-�+ i⌘o + ivsyng]-

(Z2 - 1)

2
g

Death of Sgm



Next generation rate and synchrony model
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Self inhibition and a excitatory background drive
(square pulse response)

A Byrne, M Brookes and S Coombes 2017  
A mean field model for movement induced changes in the β  rhythm, JCNS, Vol 43, 143-158
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SC & FC

[surface of the brain visualisations coloured depending on nodal degree] 



Sheets: including gap junctions & axonal delays
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Turing-Hopf

Turing

Turing instability analysis

Linearise around a homogeneous steady state and look for 
patterns of the form 
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Higher dimensional sims



Dynamic FC (local control ~ gaps)
https://github.com/UoN-Math-Neuro/NFESOLVE



Exploring (r)TMS 

(a) No TMS
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New mean field thalamo-cortical model
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