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LIP 
Laboratório de Instrumentação e Física Experimental de Partículas

   

▪ LIP is the reference laboratory for experimental particle 
physics and associated technologies in Portugal

▪ LIP exists for the discovery of the fundamental laws of 
the Universe, ensuring the full participation of the 
Portuguese scientific community in this endeavour, and to 
share this knowledge with society 

▪ The laboratory is nation-wide, with nodes in Lisbon, 
Coimbra and Braga, in close collaboration with the local 
universities



LIP 
Laboratório de Instrumentação e Física Experimental de Partículas

Experimental particle 
and astroparticle 
Physics

Development of new 
instruments and 
methods

Computing
● GRID - 

Distributed 
Computing
and Digital 
Infrastructures

● SPAC - Social 
Physics and
Complexity

Detectors for particles and 
nuclear physics

● RPC R&D
● Neutron detectors
● Gaseous Detectors R&D
● Liquid Xenon R&D

LHC experiments and 
phenomenology

● ATLAS
● CMS
● Phenomenology
● FCC

Structure of matter
● pQCD
● HADES
● NUC-RIA
● NPstrong

Cosmic Rays
● AMS
● Auger
● SWGO

Dark Matter and neutrinos
● Dark Matter
● Neutrinos
● SHiP

Health and biomedical 
applications

● RPC-PET
● Proton therapy
● OR Imaging
● Dosimetry

Space applications
● Space Rad
● i-Astro R&

D
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observable 
universe
8.8 1026 m

quarks
< 10-19 m

visible with 
our own eyes

large surface/volume 
observatories powerful accelerators

age universe
4.4 1018 s

lifetime top quark
5 10-25 s

lifetime star
1013-1016 s

duration 
supernova & GRB

0.1-100 s

lifetime proton
> 3 1041 s

lifetime kaon (K±)
1.2 10-8 s



CERN 

● The European Laboratory 
for Particle Physics 

 

● Located in the 
franco-swiss border

● Portugal is a member 
since 1986, with LIP 
being the reference 
portuguese partner



in the frontier of the 
technology 

● Particle physics 
accelerators and detectors 
are amongst the most 
complex devices built by 
the humankind

● Being on the edge of the 
technology is required 



from data to physics at the Large Hadron Collider  
a long and complex path

▪ 40 million 
proton-proton 
collisions per 
second



from data to physics at the Large Hadron Collider 
a long and complex path

▪ hundreds 
of millions 
of readout 
channels



Large Hadron Collider 
data, data, data, …



tagging special objects in collisions



tagging special objects in collisions
tagging the Higgs boson
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tagging special objects in collisions
tagging the Higgs boson

● Deep neural networks for supervised classification

 

ATL-PHYS-PUB-2020-019



tagging special objects in collisions
tagging the Higgs boson

ATL-PHYS-PUB-2020-019



tagging special objects in collisions
tagging long-lived particles



tagging special objects in collisions
tagging long-lived particles

     
Exploring graph-neural-networks for b-tagging, via 
improved secondary vertexing finding
(very preliminary)

 



tagging special objects in collisions
tagging new phenomena: the quark gluon plasma



tagging special objects in collisions
tagging new phenomena: the quark gluon plasma

JHEP11 (2021) 219 tabular data: use of a supervised dNN



tagging special objects in collisions
tagging new phenomena: the quark gluon plasma

JHEP11 (2021) 219 jet images: Convolutional Neural Networks (CNN)



tagging special objects in collisions
tagging new phenomena: the quark gluon plasma

JHEP11 (2021) 219 Lund planes: Recurrent Neural Networks (RNN)



tagging special objects in collisions
tagging new phenomena: the quark gluon plasma

JHEP11 (2021) 219



Searching for new phenomena
supervised learning

background signal



Searching for new phenomena
supervised learning



Searching for new phenomena
supervised learning



Searching for new phenomena
what if the signal is different from expected?



Searching for new phenomena
autoencoders
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Searching for new phenomena
anomaly detection

Eur.Phys.J.C 81 (2021) 1, 27



Searching for new phenomena
anomaly detection

JINST 16 (2021) P08012

Using a variational recurrent neural network to assign an “anomaly score” to each jet



Quantum computing in particle physics: QML 
Variational Quantum Classifier

(very preliminary studies)parameterized by a set of
learnable parameters



Underground experiments 

● Searching for the elusive 
dark matter



Underground experiments
search for very rare events



Underground experiments
search for very rare events

Eur. Phys. J. C (2022) 82:553

● pulse classification



Underground experiments
search for very rare events

Eur. Phys. J. C (2022) 82:553



Astroparticle physics

● Detecting extensive air 
showers produced by 
gamma rays

● Southern Wide-field 
Gamma-ray Observatory



Gamma/hadron discrimination with ML

Eur. Phys. J. C (2021) 81:542



Gamma/proton discrimination with ML

Eur. Phys. J. C (2021) 81:542

● 1-D convolutional neural network



Social Physics and Complexity

● SPAC uses large scale 
computational tools to 
study societal challenges, 
especially in disease 
forecasting, human 
behavior and public policy



Social Physics and Complexity



Social Physics and Complexity



summary
● at LIP we have more than 

30 years of expertise in the 
analysis of large and 
complex data

 

● the most suitable technique 
has to be chosen for each 
problem
○ uncertainties and 

imperfect datasets
● synergies with other fields 

and activities  



Thanks!
any questions?
you can also find me at nfcastro@lip.pt


