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Horizon

Black hole

Our universe: Stars, galaxies – Matter, dark matter, dark energy

ESO’s
Very Large Telescope

NeuroSpin
ISEULT 
PROJECT
11.7T MRI magnet    

Electromagnetism, General relativity space-time, quantum mechanics
Universe expansion, black holes, big bang, gravitational waves

LCDM model

First black hole horizon « image » (EHT)
Ultimate proof of the General Relativity Theory

Our brain: Neurons, layers & columns – Gray matter (spatial

segregation), white matter (temporal segregation)

Brain functional microstructure & dynamics, connectome space-time
Consciousness, social interactions, mind disorders 

Neural code? 
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Production of the first (micro) 
black holes at the CERN LHC?

Wake up patients in a 
vegetative state?
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Park HJ, Friston K. Science 2013

Brain fine anatomy

WHAT CAN WE SEE WITH (human) NEUROIMAGING?          Water (proton) MRI
Brain at work

(functional MRI or fMRI)

Brain connexions
(Diffusion MRI & DTI)

Brain connectome= multiple scale connectivity

Wired connectivity Functional connectivity

? ?

Brain chemistry
metabolism & 
neurotransmission



11.7T3 T

Nuclear magnetization  g Bo/kT

Signal:noise ratio Bo1.65

CONCEIVE: The Iseult Project (genesis phase 2001-2004)

Tomorrow: Mesoscale brain functional architecture (~100mm)
➢ In vivo, non invasively
➢ In the Human Brain
➢ Over the whole brain

Better see… 

100mm voxels

1mm voxels

Mesoscale cortex architecture

Alzheimer disease
Molecular imaging

1000 
millimeters

0.000001 
millimeters

MACRO

MESO

?

MICRO

…to better understand … and discover

ULTRA-HIGH FIELD 

MRI

2001

- 3T :  100 installed systems

- 1x 7T (USA) + 2 orders (USA, J)

→ 11.7T at CEA?
D. Le Bihan

hippocampus

3T 7                  11.7T (in vitro)
ITER Tokamak

CEA acclaimed Know-How

From High Energy & Particle physics

…. to Nuclear Fusion 

Roy Gordon (Vice president, Bruker): 
« You are mad » (RSNA, Chicago, Nov 27, 2001)

Neural Code ?

?
11.7T

Belfort

Saclay

9/21

CEA acclaimed Know-How in 

magnet design, cryogenics and 

cybernetics

10.55T @ July 4th, 2019
11.7T @ July 19, 2019

C. Lerman, N. Boulant, MNHN



Courtesy M. Bird, National High Magnetic Field Lab, Florida State U

ISEULT PROJECT: An inspiring MRI magnet

2021: Madness has been contagious (no vaccine so far)

- 11.7T reached @ NeuroSpin

- 3T :  7000 installed systems

- 7T :  100 installed systems

- 1x 8T & 3x 9.4T  (USA, Germany)

- 1 x 10,5T Minneapolis

- 2  head-only 11.7T systems: USA (NIH), KOREA

- 2 projects for 14T: Heildelberg/Germany, Shangai

- USA projet  (14T or 20T)

The liquid helium crisis (MRI)

Nuclear magnetization

Mo  g Bo/kT

= f($$$)!

2001

- 3T :  100 installed systems

- 1x 7T (USA) + 2 orders (USA, J)

→ 11.7T at CEA?
D. Le BihanRoy Gordon (Vice president, Bruker): 

« You are mad » (RSNA, Chicago, Nov 27, 2001)

FuSuMaTech: >14T human MRI magnet?



Relativistic pseudo-diffusion model
Le Bihan D. Brainmultiphysics 2020

https://doi.org/10.1016/j.brain.2020.100016

NEW BOOK TO COME ! (2022)

Brain space-time model « dark » energy: Social interactions

Synchronization through blinking

1 (?) Universe

Autism
Dysconnection

with others
Autism

Dysconnection
with others

Diffusion Tensor Imaging predicts ASD 
in 6 months old children

Jason WolffAm. J. Psychiatry, 2012

Connecting brain spacetimes 
(across miles/centuries)

7,913,129,362 living brains on earth (as of December 13th, 2021 @ 4:06pm UTC)

FuSuMaTech «Social Magnet»
Ad hoc Working Group

on Future Superconducting Magnet Technology

?

https://doi.org/10.1016/j.brain.2020.100016


- Breast cancer: good pronosis with early diagnosis (still localized)
- 61% of early diagnosed cancers have a 5-year survival rate of 99% after treatment, 
- 31% have a 5-year survival rate of 85% after treatment, 

→ Which ones?? Often cannot predict on mammograms whether lesions are malignant, requiring active 
treatment, or not.

BREAST CANCER SCREENING

Issues with Mammography (MMG) screening
- X-ray exposure
- Overdiagnosis (10-52%): 

- prognostically irrelevant (non-lethal) cancers 
- Biopsy: Invasive, sparse, scars

- Underdiagnosis: 50% for early detection
- MMG biased to detect slowly growing cancers 

→ 40% of women with DCIS have mastectomies (10,000/year USA)

Current indications of breast MRI (cost: 1000$, 40min; availability)
➢ Second intention (added cost!): 

▪ « Diagnosed » or suspicious lesions (Staging, Scar vs recurrence, implants, problem solving)
▪ Screening only of high-risk patients (>6% risk: annual MRI + MMG)
▪ Controlateral breast after breast K diagnosis
▪ Follow up after breast conserving surgery
▪ Genetics, family history

▪ Standard DCE (vascularity): Sensitivity → 97%, Specificity → 73% 
▪ Ultrafast DCE: Sensitivity → 90%, Specificity → 85%
▪ Diffusion MRI (cellularity): Sensitivity → 88%, Specificity → 95%

3D Tomosynthesis
300-600k$

Conventional X-ray mammography
-☺ Cheap (mass screening)
- False positive/negative

MicrocalcificationsStandard Mammography
150-450k$



Potentially huge world market for MRI +++++

✓ High prevalence of breast cancer, increasing awareness, systematic mass screening, 
Computer Aided Detection

✓ Market: 1.92B$ in 2021 (6.1% CAGR, Asia: 7.2%)
✓ Top Players: Hologic, GE, Siemens, FujiFilm, ….

Mammography: Huge MARKET (US)
- 63M >40yo women
- MMG: 65.3% → 41M MMG/year
- MRI: 1.15% → 945000 MRI/year

- But MRI is the most sensitive and accurate breast maging tool
- Challenges: cost, availability, technical issues

Non-Gaussian Diffusion MRI based

Breast cancer virtual biopsy
Automatic detection/analysis

(CEA patent, D. Le Bihan, 2015)

Collab  Pr. Goto, Kyoto Prefectural Faculty of Medicine

BREAST CANCER SCREENING

10mT/m gradient coilOpen 1.5T breast MRI project

Proposal by Thierry Schild

Other benefits
→ Outside radiology departments and hospitals?
→ Reduced cost
→ Availability (mobile systems going to the patients)
→ Decrease radiologists burden (AI)

NEW BOOK TO COME ! (2022)
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