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Transdiscip linary ca ll to  action

ΥAdvances in neuroscience and neuroimaging

Μin combination with other disciplines such

as a rtiЉcia l intelligence, machine lea rning and

da ta  science Μare drivers of research into the

human bra in, lifting multisectora l discourse and

discovery to entirely new levels. This is a  cause

for grea t excitement and optimism.Χ *)

*) Dr REN Minghui, Assistan t Director Genera l, Universa l Hea lth  Coverage /  Com m unicab le  
and  Noncom m unicab le  Diseases, WHO Headquarte rs 



European  Partne rsh ip  for Bra in  Health  (2025)



EBRAINS Λa  sta te -of-the -art ecosystem  
for neuroscience

ΥOn September 30th, 2023 the Human Bra in Project (HBP) has 
completed its 10-year runtime as an EU-funded FET Flagship. The 

project has pioneered digita l neuroscience, 
a  new approach to studying the bra in based on multidisciplinary 

collabora tions 
and high-performance computing. 

The HBP will continue to have an impact on neuroscience 
for many years through the EBRAتNS research infrastructure 

and a  new way of collabora tive work in the Љeld.Χ

Prof. Dr. m ed . Ka trin  Am unts, join t CEO, EBRAINS AISBL

www.ebra ins.eu





Nature  is m ultisca le

Qu a n t u m

Un ive r se



Patien t Journey as a  Multisca le  System

Risk Assessm ent
• Fam ily h istory
• Genom ic pro ئ le
• Life style
• Environm ent
• In  ute ro exposure
• Clin ica l h istory
• SDOH

Presen ta tion
• Signs
• Sym ptom s
• Co-m orbiditie s

• Active
• Inactive
• Undiagn osed

• Medica tions

Diagnosis
• Guideline s/Crite ria
• Biom arke rs/Diagnostics
• Disease  stage

• Direction
• Velocity

• Missed/Mis-d iagnosis
• Biopsie s

Physician�s  
Cha racte riza tion
• Specia liza tion
• Pre-d isea se
• Advanced  disea se
• Prognosis
• Stra tiئ ca tion

Physician�s  Trea tm ent 
Decision
• Specia liza tion
• Guideline s
• RW practice
• Oئ-labe l use
• Risk/bene ئ t ra tio

Pa tien t Com pliance
• Side  eئects
• Adherence
• Percep tion  of risk
• Socia l/com m u nity 

ne tworks
• Cultura l background
• Expecta tions
• Conئ dence  in  HCP

Outcom e
• Disease -free  surviva l
• Re-adm ission
• Man agem en t vs. Cu re
• Minim um  re sidua  

d isea se
• Side  eئects

Adopted  from : Michae l Liebm an , IPQ Ana lytis, LLC, Next-Generation  Phenotyping: Disease  is a  Process , Not a  State , Bio-IT World  Confe rence , May 17th , 2023



Challenges

• Th e  fu n ct ion s  o f t h e  b ra in , in clu d in g cogn it ive  a b ilit ie s  su ch  a s  m e m ory, a t t e n t ion , 

con ce n t r a t ion , a n d  la n gu a ge  a r ise  from  m u lt i-le ve l in t e ra ct ion  a n d  a s  a  r e su lt  o f 

p roce sse s  occu r r in g a t  m u lt ip le  le ve ls  s im u lt a n e ou s ly. 

• Th e  s t u d y o f t h e  b ra in  a s  a  m u lt isca le  sys t e m  re q u ir e s  r e se a rch e r s  t o  p oo l t h e ir  

kn ow le d ge  a n d  e xp e r ie n ce  a n d  in t e gra t e  in  a  sh a re d  r e se a rch  sp a ce  d iئ e r e n t  t yp e s  o f 

d a t a , 

co lle ct e d  a t  m u lt ip le  sca le s  - b o t h  sp a t ia l a n d  t e m p ora l. 

• Th e  a b ilit y t o  s t o re  a n d  a n a lyze  d a t a  is  cru cia l fo r  a d va n cin g ou r  u n d e r s t a n d in g o f b ra in  

s t ru ct u re  a n d  t h e  p roce sse s  occu r r in g w it h in  t h a t  s t ru ct u re  w it h  m a p p in g b e t w e e n  

d iئ e r e n t  le ve ls  - from  t h e  m ole cu la r  le ve l, t h rou gh  r e ce p t or s  a n d  syn a p se s , n e u ron s , 

n e u ron a l co lu m n s , ce n t e r  m a p s , t o  a  sys t e m ic vie w  a t  t h e  le ve l o f t h e  ce n t r a l n e rvou s  

sys t e m  a n d  a t  t h e  b e h a vio ra l le ve l.



Leve ls of organ iza tion  in  the  bra in

Level Size  (decim al) Size  (m ) Size  (m )

1 Ne rvous system 1 > 1 m 100

2 Subsystem 0.1 10 cm 10-1

3 Ne ura l ne twork 0.01 1 cm 10-2

4 Microcircu it 0.001 1 nm 10-3

5 Ne uron 0.000 1 100 m 10-4

6 De ndritic a rbor 0.000 01 10 m 10-5

7 Synapse 0.000 001 1 m 10-6

8 Signaling pa thway 0.000 000 001 1 nm 10-9

9 Ion  channe l 0.000 000 000 001 1 pm 10-12

• Expansive  range  of spa tia l and  tem pora l sca les 

across which  re levan t m echanism s opera te  - 

from  quantum /m olecu lar to  socia l/cognitive  leve ls

• Com plex behavior spanning n ine  orde rs of 

m agnitude  sca le  tie rs



Quantum  com puting - sca le  and  com plexity of m ode ling 
the  bra in

The  bra in  is  t he  k ille r  a pp of qua n t um  com pu t ing 
Μ
t he  ou t e r  lim it s  ca se  de Љning t he  re qu ire m e n t s  of t he  m e dium

Quantum  neuroscience : 
Applica tion  of quan tum  com puting m ethods 
to  com puta tional neuroscience  problem s such  as:
• EEG waveform -based  ana lysis
• Quantum  biology sta te  m ode ling
• Physics of neuroscience



The  com plexity of com bin ing leve ls of ana lysis from  
gene tics to  hum an  behavior

Em an i, P.S., Warre ll, J., Anticevic, A. e t a l. Quantum  com pu ting a t the  fron tie rs of b iologica l sciences. Na t Me thods 18, 701Λ709 (2021). https://doi.org/10.1038/s41592-020-01004-3



Case  1: Glaucom a Prediction

First in  class, functional, independen t of the  IOP a ttribu te , 

in te lligen t decision  support system  in  the  d iagnosis and  

the rapy of glaucom atous neuropa thy, based  on  the  

descrip tion  of dynam ic phenom ena  and  in te ractions occurring 

be tween  the  eyeba ll and  the  ca rd iovascula r system

1. Pre d ict in g t h e  d e ve lop m e n t  a n d  p r ogr e ss ion  o f gla u com a t ou s n e u r op a t h y

2. Eva lu a t ion  o f t h e  t h e ra p y e ئ e ct ive n e ss

3. Identiئ ca tion  of therapeutica l ta rge ts d iئe ren t from  IOP reduction

ř wie rczyĎsk i, H., Puka cki, J., Szcz˚ sny, S., Ma zure k , C., Wa s ile wicz, R. Applica t ion  of m a ch in e  le a rn ing 
t e chn ique s  in  Gla ucom Aت sys t e m  for  gla ucom a  dia gnos is  a nd co lla bora t ive  re se a rch  suppor t . Sci Re p  15, 
7940 (2025). h t t ps :/ / do i.org/ 10.1038/ s41598-025-89893-2



Case  2: Bra in  dynam ics
Wh y st u d y b ra in  d yn a m ics  (w it h  ou r  e xt e n s ion s ):
� Dynam ica l-system s + p h ysics  d e scr ip t o r s eئective ly capture  bra in�s spa tiotem pora l richness
� Da t a  � sh a re d  sp a ce  � d e scr ip t o r s  � p h a se  loca lisa t ion  enab les vir t u a l e xp e r im e n t a t ion

(e .g., neurom odula tion/lesion  what-ifs)

Wh e re  a lt e r n a t ive  m e t h od s  fa ll sh or t (sp a t io t e m p ora l com p le xit y a n d  cu r r e n t  lim it a t ion s):
• Brain  activity is h igh-dim ensiona l, m ultisca le , and  m e tastab le : pa tte rns recon ئ gure  ove r space  

(m illim etre s�ne tworks�whole bra in ) and  tim e  (m illiseconds�m inutes)
• Id iosyn cra t ic fe a t u r e  sp a ce s across sub jects/m odalities m ake  cohort-leve l com parison  hard  (app le s vs 

oranges). Virtua l whole -bra in  m ode ls exist, bu t standard  coord ina te s for dynam ics a re  scarce .
• Sa m p lin g & op t im isa t ion for h igh-d im ensiona l, rugged  energy landscapes a re  com puta tiona lly 

dem anding; classica l m e thods can  struggle  to  exp lore  ra re  transitions a t sca le . Specia lised  tools m ay he lp  
Λvir t u a l m od e ls (ca libra ted  from  descrip tors) and  q u a n t u m acce le ra tors for hard  in fe rence /sam pling 
(Ising/QUBO)

Prop ose d  m e t h od :
• Shared , popula tion-tra ined  representa tiona l space
• Energy landscape  ana lysis (ELA) of each  subject's la ten t represen ta tion
• Com m on-re fe rence  phase  d iagram  ana lysis (PDA) of the  cohort



En e rgy La n d sca p e  An a lys is  (ELA):

Loca l m in im u m  p a t t e rn s : Fingerprin ts of a ttractor sta te s (colum ns = basins, rows = regions; da rk = active ).
En e rgy la n d sca p e : 2-D surface  with  labe lled  m in im a and sadd le  crossings; va lleys = stab ility, ridges = ba rrie rs.
Ba s in  gra p h : node -leve l pa tte rns pe r basin ; one-step  reachability be tween  m inim a (who ne ighbors whom ).
Vis it  fr e q u e n cy: How often  each  basin  is  expre ssed  in  the  da ta  (com m on vs ra re  sta tes).
Dire ct  t r a n s it ion s : One-step  jum p probabilitie s be tween basins (pre fe rred  m oves).
Dire ct  + in d ir e ct  t r a n s it ion s : Multi-step  reachability; a lte rna tive  rou tes and funne ls.
Ba r r ie r -h e igh t  d is t r ib u t ion : Histogram  of saddle  ene rgies; overa ll ease /ha rdness of switching.
Discon n e ct ivit y gra p h : Dendrogram  organised  by ba rrie r he ights; ve rtica l gaps = separa tion ; cluste rs = fam ilie s of sta tes.



Usecase  takeway

Our p ipe line  p laces each  bra in  in  a  com m on, physics-grounded m ap and  reads ou t sim ple , in te rpre tab le  
m arke rs of dynam ics - globa l drive , pa tte rn  rigid ity/ ئ exib ility, sensitivity to  loca l vs. globa l input, d istance  to  
tipp ing poin ts - p lus landscape  fea tures (basins, barrie rs, transition  pa ths).

Why th is m atte rs (clin ica l & re search):
• Detect fa ilure  m odes: fragm ented  coordination , ove r/under coup ling, rigid  or unstab le  dynam ics; loca lise  

them  in  phase  space .
• Clin ica l use : screen/stra tify pa tien ts, track trea tm ent re sponse , and  se lect/pe rsona lise  stim ula tion  or drug 

ta rge ts using basin  depth  and  barrie r structure .
• Basic/Transla tiona l re search : com pare  people , m odalities, species, and  tasks on  the  sam e coordinate s; 

gene ra te /te st m echan istic hypotheses; run  virtua l what-if experim ents with  ind ividua lised  m odels.
• Practica l strengths: works on  rea l record ings; provides unce rta in ty on  eve ry readou t; classica l p ipe line  

now, quantum -ready for heavy sam pling/optim isa tion .

Ke dys , J. Ma zure k , C. Ph e n ot yping wh ole -bra in  dyna m ics  wit h  m oda lit y-a gnos t ic e ne rgy la ndsca pe s  a nd cohor t  e m be ddin gs . HتBALL 
9t h  BigBra in  Workshop. 27-29.10.2025, Be r lin , h t t ps :/ / e ve n t s .h iЉs.ne t / e ve n t / 2171/ con t r ibu t ions / 19174/



Conlusions

The  journey from  pred icting glaucom a to sim ula ting the  bra in  as a  virtua l twin  

shows tha t we  a re  en te ring an  e ra  where  b iology, com puta tion , and  cogn ition  

converge .

The  cha llenge  ahead  is beyond  the  bra in  m ode ling: 

to  understand  the  hum an  be ing it represents, across a ll sca les of com plexity.

From  da t a  t o  unde s t a nding, from  m ode ls  t o  m e a n ing



Th a n k  you !

https://www.linked in .com /in /cezarym azurek/

cezary.m azurek@pcss.p l

Ce za ry Ma zu re k , Ph .D, Senior Researcher, Head of Digita l Medicine

From  Quantum  Sca les to
Virtua l Hum ans


	From Quantum Scales to�Virtual Humans
	Transdisciplinary call to action
	European Partnership for Brain Health (2025)
	EBRAINS – a state-of-the-art ecosystem �for neuroscience
	Número de diapositiva 5
	Nature is multiscale
	Patient Journey as a Multiscale System
	Challenges
	Levels of organization in the brain
	Quantum computing - scale and complexity of modeling the brain
	The complexity of combining levels of analysis from genetics to human behavior
	Case 1: Glaucoma Prediction
	Case 2: Brain dynamics
	Número de diapositiva 14
	Usecase takeway
	Conlusions
	From Quantum Scales to�Virtual Humans

