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Case Study 1

High Energy Physics (HEP)
and Collider Physics
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LHC Accelerator complex and Detector

LHC

[ Large Hadron Collider }

This animation shows the path of the protons through CERN'’s
Youtube - The Large Hadron accelerator complex to the Large Hadron Collider (LHC) Video:
collider in 40 sec! ~ CERN. Source: CERN (CDS) (]



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

Case Study 2:

Scattering Community 7 A v
using
Photons & Neutrons
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Innovations & Scattering community

Research Infrastructure (RI) to enable science for society
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Enhanced oil recovery | Infection sen<ar

Research Infrastructure (RI) and industries,

supported by the enlightened organizations

and education, can generate a sustainable

environment to serve this purpose 7



Innovations & Scattering community

Atom H

No. of electrons 1

Coherent scattering 3.74
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Neutron Microscope i Time and energy scales

Time scale (seconds)

Crystal fields magnons and phonons spin relaxation
single particle  spin fluctuations tunneling polymer reptation
excitations diffusion glassy dynamics
molecular excitations libration

_EJ

Excitation energy (eV)
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Innovations & Scattering community

Neutron : Wave Particle Magnetic moment Neutral

-

m

All in one ! %
» o 1 B

Magnetic moment
Probe of magnetism

Charge neutral

Deeply penetrating " Nuclear scattering x They have wavelengths appropriate to inter-

sensitive to et atomic distances
element and isotopes

X They have energies comparable to molecular
motions

63 05
Solve the HTS

puzzle X They interact weakly with materials, and can

Li motion in fuel :
i motion in fue penetrate into the bulk

cells

x They are non-destructive

X Most important: they see a completely different
contrast compared to x-rays (with appropriate
isotope labelling).

Efficient high- . .
speed trains Better 2Eov7™e

drugs

Improve electric
cars
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Q&A

What is a photon ?

. Electromagnetic radiation generated by oscillating electrons

‘ A type of proton

A type of neutron

. A type of quark




Q&A

What Is a synchrotron radiation ?

. A type of electromagnetic radiation

‘ A type of proton

A type of neutron

. A type of quark



Photon Scattering Community
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https://laaamp.iucr.org/tasks/brochure

Neutron Scattering Community
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Fission and Spallation

Neutron g . . .
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What Is spallation?




How does a giant microscope work?
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Different instruments for different science
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‘Batteries for a climate-neutral society’
science colloquium video

Innovations & Scattering community m
Where are the atoms ? C Exercices

Proton Accelerator to enable
the Neutron Source !

Source

Incident beam
beam

Wave vector: q = k.— k;

source
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Q&A

What Is a neutron ?

. A fundamental component of the matter

‘ A particle with a magnetic momentum

A wave

. All the above



ESS will be a user facility

A Researchers who need neutrons for their experiments.
A From universities, institutes, industry.

A We provide tools & support; they bring their projects and perform the
experiments.

A 2000-3000 visiting users/year. A stay can be days or weeks.
AMany different dISCI pI Il nes: materials res

\Our primary client:
Researchers!




Become a Sc

Scientific cases and
Inspiring tools




Become a Scientist to create é @

e KNOWLEDGE

: : r '
& life sciences r magnetism &. :
superconductivity

@2 soft condensed matter engineering & geo-
@0 sciences

archeology & heritage
conservation

& chemistry of materials

Explore the following Case
Studies and uncover the
scientists you aspire to
becomeé.

4> fundamental &
energy research s— particle physics




Innovations & Scattering community

Neutrons for a sustainable energy economy

Wind turbines:

- strong, light, flexible
materials

- better magnets

c
O
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©
D
N
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O Solar panels:
GCJ - Economically feasible,
LL] robust solutions
- Neutron reflectivity
“ probes surface action

Cars:

- Fuel cells

- Long-range batteries
- Lighter materials




How do we store the renewable energy?

Performance

Combination of
Materials:

e

Nickel, manganese,
cobalt, lithium

Safety Scalability

Li-ion battery during discharge.
Li* ions move from anode to
cathode inside the battery while
electrons move through a wire.

&= Energy research

monitor Li * in
battery during
charge and use.
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Neutrons for Archaeology

Looking inside a dinosaur egg
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https://www.sciencedirect.com/science/article/pii/S1342937X11000839

Advanced Materials for Health

Life sciences

Cornea

ﬁ Swelling of a double network

hydrogel designed for use as
a cornea replacement.
(Frank Group, Stanford)

&

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.
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Neutrons reveal how drugs interact with
drug targets

&

Carbonic anhydrase

A Enzyme

A Transports CO,

A Regulates blood acidity

Scientists are studying its role in
some cancers, glaucoma, obesity
and high blood pressure

Life sciences

Neutron crystallography pinpoints
protons and waters in the active
site, showing how the drug
Acetazolamide binds to this
enzyme

Image: Fisher, S. Zet al. 2012 JACS




Engineering & geo-

s

sclences

Machi ne forensicso

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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Build a linear accelerator to demonstrate spallation - the source of high-energy Activity instructions sheet
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Accelerate Your Teaching is a free online course for high-school teachers.
Ages: 11-14, 14-16, 16-19 Discover how particle accelerator stories can bring a range of STEM topics to life.
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https://www.scienceinschool.org/

More Fun facts !

“APS i B uvikeoor €2 g

See APS March 2024 slides:

OThe Physics of




