
Case Study 1

High Energy Physics (HEP)

and Collider Physics 



Tunnel was built in 1985 for the LEP

Ebeam 7 TeV

Luminosity 2 1034 cm-2.s-1

Circumference 26.7 km

Bending field 8.3 T

Superconductor Nb-Ti  @ 1.9 K

1232 SC dipoles, 400 SC quadrupoles

120 tons helium (of which 80 superfluid)

CERN and the Large Hadron Collider
Finding the Higgs boson !

Peter Higgs !

(1929-2024)



LHC_Accelerator complex and Detector

Youtube - The Large Hadron 

collider in 40 sec!

https://drive.google.com/file/d/1Vp35QcN0DOaO8SDxnZ3PQq1LoCmkT_ry/view?usp=sharing
https://home.cern/science/accelerators/the-accelerator-complex/
https://youtube.com/shorts/_XqD1bBedqY?si=O4Z8rdy4QgtMuCMr
https://youtube.com/shorts/_XqD1bBedqY?si=O4Z8rdy4QgtMuCMr
https://youtube.com/shorts/_XqD1bBedqY?si=O4Z8rdy4QgtMuCMr
https://youtube.com/shorts/_XqD1bBedqY?si=O4Z8rdy4QgtMuCMr


Experience : From the LHC control room

(recording prepared for the ASP2010)

CERN Brochures and links:

CERN Accelerating science - Accélérateur de science (2022)

Impact of CERN technologies: from fundamental research to our everyday lives (2023)

CERN 70 – movie – 15’

Discover more at https://cern70.cern

https://drive.google.com/file/d/1zCrRj02sSxkqIiWr2UZv17tJaTG207Pz/view?usp=drive_link
https://drive.google.com/file/d/1zCrRj02sSxkqIiWr2UZv17tJaTG207Pz/view?usp=drive_link
https://drive.google.com/file/d/1Ojv9qAqz4XULZ5OQVQxJvi6PVYTUVrol/view?usp=drive_link
https://drive.google.com/file/d/1Ojv9qAqz4XULZ5OQVQxJvi6PVYTUVrol/view?usp=drive_link
https://drive.google.com/file/d/1Ojv9qAqz4XULZ5OQVQxJvi6PVYTUVrol/view?usp=drive_link
https://drive.google.com/file/d/1Ipbc-_x2KiueliPtw1zeFkOwoJrNz41x/view?usp=drive_link
https://drive.google.com/file/d/11mu8L98XQvaQco_l6ndhcPFe9XBA1L8A/view
https://drive.google.com/file/d/11mu8L98XQvaQco_l6ndhcPFe9XBA1L8A/view
https://drive.google.com/file/d/11mu8L98XQvaQco_l6ndhcPFe9XBA1L8A/view
https://cern70.cern /


Case Study 2: 

Scattering Community

using

Photons & Neutrons



Innovations & Scattering community
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Research Infrastructure (RI) to enable science for society

Research Infrastructure (RI) and industries,  

supported by the enlightened organizations 

and education,  can generate a sustainable 

environment to serve this purpose



Innovations & Scattering community

with Neutrons 

eyes

with X-Rays 

eyes

H atoms make up ~50% of atoms 

of biological macromolecules

(lipids, proteins, nucleic acids, 

carbohydrates)

Courtesy Lenny Rivkin/PSI

X-Rays

Electrons Neutrons

Nucleus



Neutron Microscope – Time and energy scales

AS -



Innovations & Scattering community
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Neutron :

All in one !

Wave               Particle                  Magnetic moment              Neutral

❖ They have wavelengths appropriate to inter-

atomic distances

❖ They have energies comparable to molecular 

motions

❖ They interact weakly with materials, and can 

penetrate into the bulk

❖ They are non-destructive

❖ Most important: they see a completely different 

contrast compared to x-rays (with appropriate 

isotope labelling). 



Q&A

What is a photon ?

Electromagnetic radiation generated by oscillating electrons

A type of proton

A type of quark

A type of neutron
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Q&A

What is a synchrotron radiation ?

A type of electromagnetic radiation

A type of proton

A type of quark

A type of neutron
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Photon Scattering Community

AfLS

??

LAAAMP brochure: “Advanced Light Sources and 

Crystallography: Tools of Discovery and Innovation“

https://laaamp.iucr.org/tasks/brochure
https://laaamp.iucr.org/tasks/brochure
https://laaamp.iucr.org/tasks/brochure
https://laaamp.iucr.org/tasks/brochure


Neutron Scattering Community

Towards a Sustainable Environment using Particle Accelerators
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See Connecting Industrial R&D Staff to State-of-the-Art Neutron Methods

https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
https://www.ceric-eric.eu/events/connecting-industrial-rd-staff-to-state-of-the-art-neutron-methods
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Fission and Spallation 
Spallation is a non-elastic nuclear 

interaction induced by a high-energy 

particle producing numerous secondary 

particles



What is spallation? 



How does a giant microscope work?

3. The protons hit the 

target and high energy 

neutrons are released 5. To the instruments, where 

the researchers have placed 

their samples

2. They are accelerated to 96% the 

speed of light over 600m

4. The neutrons are 

slowed and sent 

down neutron 

guides… 6. All the data is sent to the 

data centre in Copenhagen 

where it is stored, sorted and 

analysed

1. Protons are 

generated at the ion 

source



ESS Instrument Layout (December 2016)

ESS In-Kind Partners also collaborate on 

sample environment, data management 

systems etc. 

+  
Nuclear Physics 

Institute

+  

Different instruments for different science
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ESS Lead Partners for instrument construction

ODIN

DREAM

NMX

MIRACLES

BEER

C-SPEC

T-REX

MAGIC

BIFROST

HEIMDAL

FREIA

LoKI

SKADI

VESPA

ESTIA

+  



Innovations & Scattering community
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Where are the atoms ? ➔ Exercices

Detector

source

sample

Proton Accelerator to enable 

the Neutron Source !



Q&A

What is a neutron ?

A fundamental component of the matter

A particle with a magnetic momentum

All the above

A wave
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ESS will be a user facility
• Researchers who need neutrons for their experiments.

• From universities, institutes, industry.

• We provide tools & support; they bring their projects and perform the 

experiments.

• 2000-3000 visiting users/year. A stay can be days or weeks.

• Many different disciplines: materials research, physics, chemistry, life science…

Our primary client: 

Researchers!



Become a Scientist …

Scientific cases and 

Inspiring tools 



The primary product of ESS

…KNOWLEDGE

Become a Scientist to create …

life sciences
magnetism & 

superconductivity

soft condensed matter
engineering & geo-

sciences

chemistry of materials
archeology & heritage 

conservation

energy research
fundamental & 

particle physics

Explore the following Case 

Studies and uncover the 

scientists you aspire to 

become….



Wind turbines:
- strong, light, flexible 

materials
- better magnets

Solar panels:
- Economically feasible, 

robust solutions
- Neutron reflectivity 

probes surface action

Cars:
- Fuel cells
- Long-range batteries
- Lighter materials
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Innovations & Scattering community
Neutrons for a sustainable energy economy



How do we store the renewable energy?
Nobel Prize for Chemistry 2019 

• John B. Goodenough

• M. Stanley Whittingham

• Akira Yoshino

“for the development of lithium-ion 

batteries”

Performance Cost

Safety Scalability

Combination of 

Materials: 

Nickel, manganese, 

cobalt, lithium

Li-ion battery during discharge. 

Li+ ions move from anode to 

cathode inside the battery while 

electrons move through a wire.
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Use neutrons to 

monitor Li+ in 

battery during 

charge and use.



Neutrons for magnetic and electronic 
phenomena

Hunting for 
materials 
that make 
our 
technology  
smarter

Improving  
electronic 
properties 
and exploiting 
quantum 
phenomena

The sensitivity of 
neutrons to 
magnetism and the 
unique ESS neutron 
flux makes it possible 
to study quantum 
materials ‘in-operandi’ 
to  understand them 
at a microscopic level.

Understanding 
quantum 
phenomena and 
novel states of 
matter in 
detail
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Neutrons for Archaeology
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Looking inside a dinosaur egg

Gondwana 
Research 20 
(2011), 621-629
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https://www.sciencedirect.com/science/article/pii/S1342937X11000839
https://www.sciencedirect.com/science/article/pii/S1342937X11000839
https://www.sciencedirect.com/science/article/pii/S1342937X11000839
https://www.sciencedirect.com/science/article/pii/S1342937X11000839
https://www.sciencedirect.com/science/article/pii/S1342937X11000839


Advanced Materials for Health

PRESENTA TI ON TITLE/FOOTER 28
2026-07-
13

Double network hydrogels provide strength and resilience 
together with high water content.

Gel structure forms over multiple length scales.

Kinetics of gelation can be rapid needing sub-second time 
resolution.

Neutrons provide the structure of each component in the 
presence of the other.

Swelling of a double network 
hydrogel designed for use as 
a cornea replacement. 
(Frank Group, Stanford)
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Neutrons reveal how drugs interact with 
drug targets 

Image: Fisher, S. Z. et al. 2012 JACS

Carbonic anhydrase
• Enzyme 

• Transports CO2

• Regulates blood acidity

Scientists are studying its role in 

some cancers, glaucoma, obesity 

and high blood pressure

Neutron crystallography pinpoints 

protons and waters in the active 

site, showing how the drug 

Acetazolamide binds to this 

enzyme
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Machine forensics” using neutrons

Neutrons can penetrate massive metal parts easily. 

Neutrons see the hydrogen-rich soot

The technical problem was understood using neutron tomography.
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EAGLE  MEETIN G 5 31202 3-01-19

Science in School

https://www.scienceinschool.org/


More Fun facts !

See APS March 2024 slides: 
“The Physics of Star Wars”.

https://drive.google.com/file/d/1wQn1UdiEU587crxa_Rz5QUCeFa_8zQDa/view


Hyperspace



christine.darve@ess.eu

http://cdarve.web.cern.ch

Feel free to 
ask questions! 

http://cdarve.web.cern.ch/
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