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What is Particle Physics Phenomenology?



What is Particle Physics Phenomenology?
• Philosophy

Phenomenology (from Greek: phenomenon = “that which appears” and 
logos = “study”) is the philosophical study of the structures of subjective 
experience and consciousness.

• Physical Sciences

Observe “that which appears”, a collection of phenomena that share a 
unifying principle, and try to find patterns to describe it. The patterns might 
or might not be of fundamental nature or they might be up to a certain 
degree. 

•  Particle Physics

Use assumed fundamental laws (theory) to produce theoretical predictions 
for physical observables and then compare against experimental data to 
validate or falsify the assumed laws.

• What’s the catch?

It may be that you cannot solve your theory exactly which means that you 
will need extra tools to compare against experimental data 
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Suppose now that you ask questions like:

❖ What are the fundamental constituents of the 
Universe?  

❖ How do they interact?  

❖ What are the physical laws that govern their 
behaviour?



The Standard Model (SM)



from a talk by J. Pires (LIP Lisbon)

An example



Pheno Group at LIP
• SM/BSM observables for new Physics searches at 

colliders (Minho/Coimbra) 


• QCD precision and automation (Lisbon)

• High energy limit of QCD resummation, Pomeron/

Odderon


• Quark Gluon Plasma, theory/Monte Carlo 
simulations/observables 


• Machine Learning techniques are increasingly being 
used 


Need of data from the Large Hadron Collider (LHC) at CERN



Precision Physics at the LHC



Heavy Ion Physics
• Access the high temperature and density 

domain of QCD: the QGP 


• In the time interval of 10-10–10-6 s after 
the Big Bang, matter existed in the form of 
a quark–gluon plasma

• Early conditions after the Big Bang 
recreated at the LHC via the collisions of 
an heavy-ion Pb-Pb system accelerated to 
√s=5.02 TeV 


• In the presence of the quark-gluon plasma 
jets will loose energy as they propagate 
through the medium: → jet quenching 



Heavy Ion Physics

❖ Jet quenching theory 
development


❖ Jet quenching Monte Carlo 
studies & jet observables


❖ Pre-QGP (Glasma) theory & 
phenomenology


❖ Machine learning application

❖ Quark-Gluon Plasma and 

Cosmic Rays
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High energy limit of QCD/Resummation

❖ In the high energy limit, new 
degrees of freedom arise, (gluons , 
quarks) —> Reggeons


❖ 2 interacting Reggeons —> Pomeron 

❖ 3 interacting Reggeons —> Odderon

❖ Saturation
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Some of the LIP Pheno Group members



Some of the LIP Pheno Group members



https://www.lip.pt/?section=research&page=research-group-details&details=project&area=physics&line=LHC-
experiments-and-phenomenology&projectid=90

The Pheno Group members and I will 
be happy to get your questions and 
have a chat whenever you feel like 
learning more about our activities

chachamis@gmail.com

mailto:chachamis@gmail.com

