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Voyage 

into the 

world of 

atoms
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Studying nature’s building blocks 

and the forces that govern them

Image: CERN

ESA & 

NASA
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Studying nature’s building blocks 

and the forces that govern them

Image: CERN

CERN

The Large Hadron Collider

Largest experiment on the planet!



Introduction to 
me

Particle physicist working on 
the ATLAS experiment

My job is to smash things for a 
living!

I studied: Physics, Maths, 
Chemistry and English 
Language & Literature (+ Film 
Studies).
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My career path

Currently:

Assistant Professor, University of Amsterdam & Nikhef

Postdoctoral research positions: LAL in France, Göttingen in Germany and 

Radboud in the Netherlands

PhD in particle physics working on 

the ATLAS Experiment at CERN

Masters on the D0 at Fermilab 



Science Communicator
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@ParticleClara everywhere
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T.D. Gutierrez

But what are we looking for?
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The 

Standard 

Model



13NASA/Goddard/SDO
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The 

Standard 

Model

What’s missing?
Dark matter

Dark energy
Gravity!



The Big Questions in Physics
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Supersymmetry?
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The search for the Higgs boson

Image: Jorge Cham / PhD Comics
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Potential energy density 

of the Higgs field

Vacuum expectation value

“Universal setting for the 

Higgs field”

Our 

Universe

The Higgs 

boson

Aim: to understand 

the origin of the mass 

of elementary 

particles.
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The search for the Higgs boson

Aim: to understand 

the origin of the 

mass of elementary 

particles.

Image: Flip Tanedo/ Quantum Diaries
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The Higgs boson
Image: Jorge Cham / PhD Comics

Low mass particle (electron) High mass particle (top quark) The Higgs boson
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The Higgs boson
Image: Jorge Cham / PhD Comics Zero mass particle (photon)
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The search for new 

particles (dark matter?)
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The search for

Illustration by Sandbox Studio, Chicago with Ana Kova for Symmetry magazine
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Matter-Antimatter asymmetry?

Supersymmetry?
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The Strength of Gravity?

Supersymmetry?

• Is there a graviton?

• Are there extra dimensions that 

gravity is leaking into?

• What is the strength of gravity for 

antimatter?
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Neutrino note

Not going to talk much about 

them today because in LHC 

physics, we mostly just deal with 

them as missing momentum in 

our data.

But, there are big questions still:

What are the neutrino masses 

and where do they get their 

mass from?

We still don’t know.



So how do we go 
about answering 
these questions?
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CERN today
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From hydrogen bottle to the LHC



Colder than outer space!
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Superconducting 
magnets
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Colliding 

protons
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The LHC detectors
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ATLAS
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ATLAS Installation in the cavern

2002
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ATLAS Installation in the cavern

2004
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Image credit: CERN

Birthplace of the World Wide Web
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Image credit: CERN

Birthplace of the World Wide Web



44C. Nellist | On Top of Physics | 22/09/2021



The Higgs boson – a major success of the first LHC run.
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The discovery of a new boson!

Image: Jorge Cham / PhD Comics

2012
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The 

Standard 

Model

(today)

What’s missing?
Dark matter

Dark energy
Gravity!



So, we keep 
searching
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Searches

Supersymmetry?
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Searches

Supersymmetry?

We haven’t see them 

below this mass so far

(TeV)

Ways that 

we looked 

for them
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It’s not just about 

discovery, it’s also about 

precision

Supersymmetry?
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Supersymmetry?

NASA/JPL-Caltech
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Precision 

measurements

Supersymmetry?

How likely a 

process is to be 

created in LHC 

collisions

A rarer process
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The stability of the 

universe depends on it!
Please note:

measuring this at CERN doesn’t affect the stability. 

We’re a passive observer :)



Potential energy density 

of the Higgs field

Our 

Universe
True 

vacuum

Vacuum expectation value

“Universal setting for the 

Higgs field”
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Side note:

29th April 2016

The LHC experiences a power cut due to a short-circuit.

The cause…?



Illustration purposes only.
A pine marten!



Illustration purposes only.
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The Antimatter Factory Create and store antimatter 

to study its properties

2023



How 
does 
this 
affect 
you?
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Learning more about our 
universe is a fundamental 

human curiosity 
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Doing difficult 

things gives us 

better technology 

that improves our 

lives and tells us 

interesting things 

right now!
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Even 3D 

colour x-rays 

using CERN 

technology!

X-rays have 

wavelengths just 

like visible light 

does



Synchrotron 

Radiation Based 

X-ray

Fluorescence 

Elemental 
Mapping
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Muon tomography for pyramids
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Have only 

taken ~ 10% 

of planned 

data so far

We are here
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2026

A new LHC

Towards 

high 

luminosity
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The Future

2040 and after



Challenges at 
CERN

• Huge data processing 
challenge

• Programming skills 
are very important to 
being a particle 
physicist.

• Or you can be more 
hands on in the laboratory, 
building new detector 
components.

• Or you can be more 
theoretical and work on 
the calculations.
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So much more than physics...

ROBOTICS COMPUTING

CIVIL

ENGINEERING

COMMUNICATION RADIO FREQUENCY

VACUUM AND 

CRYOGENICS

MECHANICAL 

ENGINEERING

ELECTRONICS

MATERIALS 

SCIENCE

ELECTRICAL 

ENGINEERING





Presenter | Presentation Title

For years 10, 11, 12, 13

Possible placements in Cheshire, 
Oxfordshire or Edinburgh
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careers.cern/tips-applying



81

There are a number of 

summer programmes and 

internships students can 

apply to throughout their 

undergraduate programme.

Summer programmes:

CERN Summer Student Programme

DESY Summer Student Programme

HASCO Summer School

Internships:

CERN Technical Student programme

ESA Student Internships

The future
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Backup
Here’s one I prepared earlier



20/08/2025 HR Talent Acquisition | Opportunities to learn and work at CERN 84

How can I apply?

Direct link to application

Direct links to apply:

▪ Electrical/Electronics Engineering

▪ Mechanical Engineering

▪ IT, Mathematics & Robotics

▪ Material & Surface Science

▪ Applied Physics

▪ General/Civil Engineering

https://smrtr.io/n9bJZ
https://smrtr.io/n9bJZ
https://smrtr.io/n9cfy
https://smrtr.io/n9cfy
https://smrtr.io/n9cmh
https://smrtr.io/n9cmh
https://smrtr.io/n9ch4
https://smrtr.io/n9ch4
https://smrtr.io/n9cjJ
https://smrtr.io/n9cjJ
https://smrtr.io/n9ckw
https://smrtr.io/n9ckw


Highest energy 
observation of 
quantum 
entanglement, 
looking at top 
quarks in the 
ATLAS Experiment

2023
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Supersymmetry?

Mass measurements

Precision Higgs measurements
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Precision Higgs measurements

Supersymmetry?

Nature 607, p41-47 (2022), G. Salam et al. 

?Dark 

matter
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First beams in the LHC2008

10th September

Images: CERN



89

Magnet incident - QUENCH 2008 19th September, 11.45am
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First collisions in the LHC!2009
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Highest energy particle collider in the world!2009

From Fermilab to CERN

First collisions at 900 GeV.

Then to 2.36 TeV - a new 

record!

Continued ramping up through 

to 2010 to reach 7 TeV centre of 

mass.



Coffee

92

~10 million

cups of coffee

The restaurants at CERN go through about 30 kilograms 

of coffee a day. Considering every kilogram of coffee 

generally makes between 120 and 140 cups, that’s 
roughly 4,000 cups a day!

- Symmetry Magazine



The LHC as an earth-quake detector

93

2016
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The top quark • The heaviest fundamental particle.

• ~170 GeV (but we don’t know why it’s so heavy).

• Very short lifetime.

• Expected to couple strongly to the Higgs boson (~1).

• A possible connection to new physics!
• Need to measure its properties and interactions with other 

particles in further detail to find out!
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