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Research Using Neutrons: from 
Quantum Computers via Cell 
Mambranes to Cancer Treatment
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

THE LEAGUE OF ADVANCED EUROPEAN NEUTRON SOURCES

The globally leading neutron 

infrastructure serving an 

outstanding research community
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

AT THE SERVICE OF THE TECHNOLOGIES THAT WILL UNDERPIN TOMORROW’S SOCIETY

Daily Telegraph

• Future technology needs ever more complex 

materials.

• We provide researchers from academia and 

industry with the sophisticated tools they 

require for doing their job.
From Quantum Computing to Cancer Treatment
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

OUR STRATEGY: PROVIDE THE BEST SERVICE TO EUROPE’S BRIGHTEST RESEARCHERS

Daily Telegraph

• Attract brilliant ideas 

• Operate powerful neutron sources with the best-in-class instrumentation

• Provide holistic experimental support including scientific expertise, sample 

environment, laboratories and data analysis
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• Quantum computers are the ideal tool to simulate all kinds of complex quantum systems.
• They equally will come to grips with other demanding computational tasks. 
• The very essence of quantum computers resides in the entanglement of quantum states.

“The Quantum Technologies 
Flagship aims to place Europe 
at the forefront of the second 
quantum revolution, bringing 
transformative advances to 
science, industry and society.”

(https://ec.europa.eu/digital-single-
market/en/quantum-technologies)

Image credit - Flickr/ IBM Research, 
licensed under CC BY-ND 2.0

TOMORROW’S DIGITAL WORLD
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• Quantify entanglement is a sine qua non 
condition for quantum computing 
applications.
• Coupled molecular systems are concrete 

realizations of multiple-bit quantum 
computing devices.

Two weakly coupled quantum bits (S=1/2) 

(Cr7Ni)2 supra-molecular dimer

Hadamar operation as a fundamental 
step in quantum computing.

MAPPING OUT ENTANGLEMENT
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• Neutrons observe the “molecular quantum 
computer” while performing a calculation.

• The concurrence C=|ad-bc| extracted from 
the data is a perfect measure of the 
entanglement.

C=0.25C=0.25 C=0.5 C=0.5C=0.75 C=0.75

Lower 
energy
transition

Higher 
energy 
transition

MAPPING OUT ENTANGLEMENT
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• Thermoelectric devices offer the potential of 
transforming waste heat into electricity.

• They depend on a low thermal conductivity.

DEVELOPING ENERGY HARVESTING MATERIALS

Lauda-Noah
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Neutrons provide quantitative 
information on the thermal conductivity 
of even the most complex thermoelectric.

Ba7.81Ge40.67Au5.33

DEVELOPING ENERGY HARVESTING MATERIALS



11

T H E   E U R O P E A N   N E U T R O N   S O U R C E

• Amylin (Islet Amyloid PolyPeptide
IAPP) is a 37 residue hormone 
co-secreted with insulin by the 
beta-cells of the Langerhans islets 
in the pancreas.

• Its production is enhanced 
during disease (Diabetes type II).

• Amyloid formation is observed close to 
regions of beta-cell depletion.

• What makes IAPP cytotoxic?

HEALTHY AGING
UNRAVELING AMYLOIDOSIS

Anne Martel, et al, JACS 2017

Langerhans islets 

Human Amylin
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

• The studies favour the 
“detergent scenario”.

• The lipids are extracted from the 
bilayer by the N-terminus of IAPP, and 
integrated into amyloid aggregates.

• The amyloidogenic aggregation would 
kinetically compete with the process 
of membrane permeation and, 
therefore, inhibit it.

N-terminus

C-terminus

Anne Martel, et al., JACS 2017

UNRAVELING AMYLOIDOSIS
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

• The viral life cycle of HIV can be 
interrupted by inhibiting the catalytic 
activity of protease.

• HIV protease is, therefore, one of the 
therapeutic targets.
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O. Gerlits et al., Angewandte Chemie (Int. Ed.) 2016

GETTING TO GRIPS WITH VIRAL DISEASES
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

GETTING TO GRIPS WITH
VIRAL DISEASES
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RADIOISOTOPES FOR CANCER TREATMENT

Several thousand cancer 
patients per year benefit 
from a treatment with 
177Lu "Made in Grenoble"

In parallel “novel” radioisotopes
are produced for preclinical R&D.
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T H E   E U R O P E A N   N E U T R O N   S O U R C E

I HOPE YOU ENJOYED THIS SHORT EXCURSION INTO THE WORLD OF NEUTRONS


