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Beyond the Standard Model 
Understanding the strong force 

- The LHCb collaboration (~1500 people) studies 
particles containing b and c quarks 

- Production and decay of b and c quarks help 
unravel unanswered questions in particle physics 

Building next-gen detectors 
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The LHCb experiment

• The Large Hadron Collider is the world’s largest particle accelerator,

colliding two beams of protons at unprecedented energies

• The LHCb experiment is one of four detectors situated at interaction points

around the 27km ring

• In total around 1000 scientists on the LHCb experiment with around 10 from

Monash

• LHCb has huge computing requirements with over 70 petabytes of storage
and around 190,000 CPU cores running simultaneously

• The processing and storage centres are distributed around the world,

including here at Monash via the ARDC Nectar service

• Some of the computing resources are used to collect and analyse data

in real time whilst the experiment is running

•As much as 80% is used to simulate proton-proton collisions and the

resulting interactions with the detector

Beyond the Standard Model

• In the decays of particles containing the heavy b quark, we can look for

the influence of even heavier virtual particles

•An example would be a leptoquark that couples to pairs of a lepton and

a quark, something not allowed in the Standard Model of Particle Physics

•A very complex data analysis can separate di�erent types of virtual
particles responsible for the decay

An upgraded calorimeter

• To collect data quicker in the future wewill increase the number of proton-

proton collisions that happen at the same time.

• Therefore the detector has to cope with many more particles produced

•We are investigating machine learning algorithms that will be able to

separate the very large number of clusters that we create in the future

electromagnetic calorimeter

Quantum chromodynamics

•Protons are made up of three quarks uud, however, at high energies they

contain a large number of gluons, the carriers of the strong force, as well

as other quark anti-quark pairs

• These are collectively known as partons
•When two protons collide it is possible to have multiple pairs of partons

interacting simultaneously

• It is not currently known whether quarks from di�erent parton-parton in-

teractions can combine to form single hadrons
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•Heavy quarks are ideal probes as they are only produced at high energy

scales, early on in the collision development

Opportunities

Within the research group working on the LHCb experiment, there are

opportunities to work with us for undergraduate projects (Years 1, 2 and 3),
as an honours or master student. If you are joining as a PhD student, there

will also be an opportunity to spend time at the Large Hadron collider in

Geneva. If interested, contact Prof Ulrik Egede, ulrik.egede@monash.edu

- For example, hypothesised ‘leptoquark’ could couple 
to leptons and quarks, something not allowed in the 
Standard Model of Particle Physics 

- Our complex data analysis technique separates 
different types of virtual particles responsible for the 
decay

- Decays of the b quark are influenced by heavy 
‘virtual’ particles beyond our current reach 

- The b and c quarks are heavy; they are mainly 
produced by perurbtative QCD, where the strong 
force is not so strong 

- By studying how multiple heavy quarks end up in a 
single particle we can probe whats going on deep 
inside the proton 

- The LHCb experiment will undergo a significant 
upgrade for the High-Luminosity LHC era

- We are developing a new particle detector that will 
help us identify the type of particles produced in high 
energy collisions  

ulrik.egede@monash.edu tom.hadavizadeh@monash.edu riley.henderson@monash.edu sam.dekkers@monash.edu

Ulrik Egede Tom Hadavizadeh Riley Henderson Sam Dekkers

Where’s all the antimatter gone? 
- Our universe is made of matter, yet the Big Bang 

predicts equal amounts of matter and antimatter 
were originally created

- By measuring differences between 
matter and antimatter at the LHC we 
help understand why this happened  


