HenpoHHble runepceTum:

c¢dakTbl U Teopumn 06 ycTporucTBEe U AMHAMUKE BbICLUMNX (PYHKLIMK MO3ra

KOHCTaHTUH AHOXWH
MHCTUTYT NepcnekTUBHbIX MCCneaoBaHMn Mo3ra My

“HennHenHble BonHbl - 2020”7 29 ¢peBpana — 6 mapTta 2020 r. HuKHUMM HoBropopg,



N e I'IepBa'ﬂ MexmyHapop,Haﬂ KOHthepeHUus

. TeopeTnueckas bu3mKa

+

U MaTeéMaTHUKa M03l'a

MeXANCUH I'II'IMHapH bleé KOHTAKTbl.

TEMbI*

reOMETPUYECKUE U ANHAMUYECKUE
CBOWCTBa CETEN MO3Fa;

MO3r KaK KpUTUYecKas CUCTEMa;
MHMOPMALMOHHbBIE Y SHTPOMUIMHbBIE

acneKTbl (hyHKLUMOHUPQBaHUS
MO3ra;

TOMONOMMYECKNI aHanu3 AaHHbIX;

0TO6pAXKEHUSI KOHHEKTOMA B
MPOCTPaHCTBO CTUMYJIOB;

KOHHEKTOM Kak CTaTuctuyeckas
CUCTEMA U €ro CBsA3b C APYrvMH
HanpaanengMﬁ nccneaoBaHui
CNOXHbIX pacnpefeneHHbIX CUCTEM.

AOKNAOYUKA

» “KOHCTaHTUH AHOXMH (MIY, Mocksa)
= AHTOH AnzeHGepr (BLU3, Mockea)

= AnekcaHap BepHuwTeiH (Ckontex, Mocksa)

= PomaH Bopuctok (YHuBepcutet Jkaetep,
Benukobputanus)

BceBonog YepHbiwes ‘BUJS, Mocksa)

= AnekcaHap Mopckun (UMM PAH, chxsa)

= Bnagumup UukoB (YHuBepcuteT wrata
Mexcunbsanua, CLUA) 4

= flkoB KazaHpBWY (MHCTUTYT MaTemaTuyeckmnx

npobnem 6uonoruu, MywmHo)
+

OPIrAHU3ATOPbDI

= KoHcTaHTUH AHOXUH (UHCTUTYT
NepcnekTUBHbIX UccneaoBaHuin mosra MIY)
Anekcanpp Mopckui (I/IHéTMTyT npobnem
nepegayn nHpopmauumn PAH)

+

BukTop KasaHues v Ceprei Jlo6oB (YHusepcutet um.
TNoB6ayesckoro, HwkHuin HoBropoa)

Anekcen KynakoB (JlTabopatopus Cold Spring Harbor, CLLUA)

Bnagumup Hexopxuﬁ (WHeTuTyT npuknapHon dounsunku PAH,
HwxHuin Hoeropopg)

Anekcen Ocapguun (BLLS, Mocksa)

Enena Mono.a (Ckontex, Mocksa)

Hukura Mocnenos (MI'Y, Mocksa)

Banum Ywakos (KypuaToBckuii uHcTMTYT, Mocksa)

KOpui Kotenesues (LleHTp Heipobuonorum n
BOCCTaHOBMEeHMs mo3ra CkonTex)

Ceprei Heuaes (LieHTp MoHcene)



Consciousness & the Brain: John Searle at TEDxCERN
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https://www.youtube.com/watch?v=j] OPQgPldKg



https://www.youtube.com/watch?v=j_OPQgPIdKg

The main idea of the lecture:

To get deeper into the brain
one needs to reach higher

\ 4

Deep HyperRealism:

* Hyper is real
« Hyper is deep



Current situation

A burst of neuroscience research

Leads to huge amount of data

Is accompanied by lack of understanding

And a desperate need of fundamental brain theory (FBT)

\ J
|

Theoretical physics and mathematics of the brain
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The MAIN problem for FBT

* More...

Meters
(109
Centimeters
(109)

- * Biology
Millimeters IO O
(109) «c

=
Micrometers a

. * Chemistry

mmmmmmmm

* Physics

“More is different”

Philip Anderson (1972)
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Attempts
(from training in physics)

Chapter 1.

The Physical Basis of Consciousness

“A Tentative Answer
[ would summarize my general

hypothesis thus: consciousness is
associated with the learning of the

living substance.”

MIND AND
MATTER

BY

ERWIN SCHRODINGER

PROFESSOR OF PHYSICS AT THE
UNIVERSITY OF VIENNA

THE TARNER LECTURES

delivered at
Trinity College, Cambridge, in
October 1956

CAMBRIDGE
AT THE UNIVERSITY PRESS

1959



Attempts
(from training in physics)

"You, your joys and your sorrows, your

memories_ and_your ambitior_ls, your sense of The AStOHlShlng
personal identity and free will, are in fact no HypOtheSlS

more than the behavior of a vast assembly of
nerve cells and their associated molecules. As

. . ] . . THE SCIENTIFIC SEARCH
Lewis Carroll's Alice might have phrased it: FOR THE SOUL

"you're nothing but a pack of neurons."

F. Crick “The Astonishing Hypothesis”, 1993



Attempts
(from training in physics)

ROGER PENROSE

SHADOWS
OF THE

Orchestrated objective reduction
(Orch OR) theory
(R. Penrose and S. Hameroff) /

Consciousness is based on non-computable

guantum processing performed by qubits A S[AR(IH HIR "I[ MISSINI?
formed collectively on cellular microtubules, a SCIENCE OF mmscm"sm[ss

process significantly amplified in the neurons.




Attempts
(from training in physics)

Christof Koch

Integrated information theory

WHY CONSCIOUSNESS IS WIDESPREAD

“lIT postulates that conscious experience is a

fundamental aspect of reality and is identical to ST AT B coN

a particular type of information—integrated

information. ..Tononi’s theory offers a scientific, C H R | S T O F
constructive, predictive and mathematically

precise form of panpsychism for the 21st K O C H
century. It is a gigantic step in the final
resolution of the ancient mind-body problem.”




CURRENT KNOWLEDGE

Brain facts

MAIN facts —
Mind-brAIN facts




Brain facts




Any brain is connectome

“To understand the functioning of a network, one must know its
elements and their interconnections. The purpose of this article is to
discuss research strategies aimed at a comprehensive structural
description of the network of elements and connections forming the

»n n

human brain. We propose to call this dataset the human “connectome”.

Sporns et al., (2005), "The Human Connectome, a
structural description of the human brain”



The Human Connectome
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Anatomy ) Connectome Neuronal Pathways
Klingler's method for fiber tract dissection Shown are the connections of brain A new MRI technique called diffusion
uses freezing of brain matter to spread regions together with “hubs” that spectrum imaging (DS!) analyzes how
nerve fibers apart. Afterwards, tissue is connect signals among different brain water molecules move along nerve
carefully scratched away to reveal a areas and a central “core” or backbone fibers, DSI can show a brain's major
refief-fike surface in which the desired of connections, which relays neuron pathways and will help
nerve tracts are naturally surounded by commands for our thoughts neurolo-gists relate structure

their anatomical brain areas. and behaviors. to function,



Histological or 2/
imaging data

Functional brain network

Sensorimotor
Premotor

Teporal pole

Graph theoretical analysis

Bullmore E. and Sporns O., Nature Reviews, Vol.10, 2009






Rich-Club Organization of the Human Connectome

Martijn P. van den Heuvel' and Olaf Sporns?

'Department of Psychiatry, University Medical Center Utrecht, Rudolf Magnus Institute of Neuroscience, 3508 GA Utrecht, The Netherlands, and
2Department of Psychological and Brain Sciences and Program in Cognitive Science, Indiana University, Bloomington, Indiana 47405
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>15 >10 >5 connections

fiber pathway
in >75% subjects

mms=  rich club connection
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How the Brain’s Wiring Mkakes Us Who We Are

SEBASTIAN SEUNG

| am my
connectome.




MAIN facts

“In any field find the most
unusual fact and then
explore it”

J.A. Wheeler




MAIN facts

Cogno

Cognitively
specialized
neurons

uuuuuuu

“In any field find the most unusual fact and then explore it”
J.A. Wheeler



Deep HyperRealism:

* Hyper is real
« Hyper is deep



What is ‘real’?

"My notion would be, that anything which possesses any

sort of power to affect another, or to be affected by
another, if only for a single moment, however trifling the
cause and however slight the effect, has real existence;
and I hold that the definition of being is simply power."

Plato “Sophist”

Anything that possess cause-effect power (CEP)



What is ‘real’?

CoG (Cognitive Group)

purview of the cog

| }

retrospective —> prospective

LiG (Link of Groups)

W . knowledge e W
0 s~ Cog .- 0
r cause > - 4y — effect r
| ’,"’ ’ff \\\ “"“'...\ |
d ,/” r’ \\ \"‘""n., d
f” ,’ \‘ ‘-‘h'\
t ) ‘\ ta
AY
PAST FUTURE
Co-Operative Group
/ neurons neurons

Link of Groups




Initial research programs on neuronal bases of
human mind

Natalia Bekhtereva in the Laboratory of human neurophysiology (1968)



Around 100 microwires per patient
Data 1s acquired at 28.7 kHz via 64
electrode Neuralynx system

34mrn 15mm 1.54 mm
e

>1 "B B T
pt_I,m,c,c,\,\,,,E5 \ // 1.25 mm

40 pm dameter Pt-Ir contacts Scale 10:1
{except for microwire length)

Fried I. 2t al. Carebral ricrodialy=is corabined with single-newron and slactroercephalo graphic
recording in newroswrgical patisnts. J Mawoswg. 01 éR7-705 (19009,

Implantation sites
In the patient brain

From Quiroga et al., 2009



Cognitive specialization of neurons in the human brain

“Bill Clinton neuron"

25 spikes/sec

1000 ms

Kreiman et al., Proc Natl Acad Sci U S A. 2002. 99(12):8378-83.



Cognitive specialization of neurons in the human brain

“Saddam Hussein neuron”

29 28 13
- K -
54 § - *" . - » l W Singe i
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. ..:.:~ :..._ '_: E.' . L i ‘ unit
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Sancra Bulock Cprah Winfrey VWhoopi Goldberg
Al b s FOSSELY SO -“._ —h . —honlentra el : L A -l -
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Michael Douglas  Darth Vader
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Cognitive specialization of neurons in the human brain

“Luke Skywalker neuron”

72 63 37 51 69
Luke % Emma “
Skywalker i ke Luke - THEgFo" Keanu Reeves

Skywalker_m Skywalker_f

L LN 1) momp i LERINTT] nel m e
CECLLURRTINT 1) LR ILTTI ] Paw P e aoom o
TN ]

L. B BY B BL. B BB B B

71 32 67

ra -
¥ : Shrek Tower of
L - Pisa
: Emma Thompson Tower of Pisa

From: R.Q. Quiroga (2012) Nat.Rev. Neurosci



Cognitive specialization of neurons in the human brain

“Jennifer Aniston neuron"

J. Aniston with a
Husband — Brad Pitt

5 4 31 30 28 7 6 67
-~ | _- — -~
ﬂ @ﬁ ﬁ L+ N S

J. Aniston alone

32 29

v H‘ ‘9 :
G

Quiroga et al., Nature. 2005. 435 (7045) 1102-7



Cognitive specialization of neurons in the human brain
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Cognitive specialization of neurons in the human brain

Supplementary Movie Sla accompanying
viewing session demonstration for Fig. 1

Firing of a single entorhinal
cortex neuron while watching
short video episodes

Beeps represent single spikes

H. Gelbard-Sagiv, R. Mukamel, M. Harel, R. Malach, |. Fried, Sc/ence (2008)



Cognitive specialization of neurons in the animal brain

* It is extremely difficult to study these processes in the human brain.
« However, similar phenomena exists in the animal brain.

V.B.Shvyrkov, "Systems determination of neuronal activity during behavior"
Adv.Physiol.Sci, 14 (1983) 1-27.
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In vivo imaging of cognitively indexed neurons

Two-photon
microscopy

Head plate
holder

/ Exergise ball

< |

Fiber-optic
microscopy
EM-CCD
camera
Filters Multimode
T < fiber
Dichroic
mirror ¥ —
T "~ Projection lens Mereuty
h arc lamp

4 — Commutator

Optical encoder

Miniature




Two-photon imaging of responses of cognitively indexed neurons

Two-photon imaging of Fos-GFP neuronal activity after repeated
learning and retrieval episodes
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Controlling Visually Guided Behavior
by Holographic Recalling of Cortical Ensembles

Luis Carrillo-Reid,"-** Shuting Han," Weijian Yang,' Alejandro Akrouh,’ and Rafael Yuste'
'NeuroTechnology Center, Department of Biological Sciences, Columbia University, New York, NY, 10027, USA

Cell 178, 447-457, July 11, 2019
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Controlling Visually Guided Behavior
by Holographic Recalling of Cortical Ensembles

Luis Carrillo-Reid,"-** Shuting Han," Weijian Yang,' Alejandro Akrouh,’ and Rafael Yuste'
'NeuroTechnology Center, Department of Biological Sciences, Columbia University, New York, NY, 10027, USA
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targeted neurons

2

recall




brain?

What is

)\ Hypernetwork

Tomorrow



m Trends in Cognitive Sciences, August 2015, Vol. 19, No. 8 Ce“

Dynamical bridge between brain and
mind

Mikhail I. Rabinovich', Alan N. Simmons?3, and Pablo Varona*

Learning/prior state

Sequential
fMRI signal

Predicted
cognition
and behavior

Functional
network

Dynamic model

d
TA,.E Ai(t) = Ai (t) £ Fi (Ar B, R, S)

TRENDS in Cognitive Sciences




frontlers in ORIGINAL RESEARCH ARTICLE %
COMPUTATIONAL NEUROSCIENCE doi: 10.3383/incom 20140002

Chunking dynamics: heteroclinics in mind

Mikhail I. Rabinovich’, Pablo Varona?*, Irma Tristan’ and Valentin S. Afraimovich?®

Table 2 | Heteroclinics in mind.

Phenomenon Network formalism* Phase portrait Time series

. N
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Thank you for attention!



