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The Small Frontier (LHC)



Forces in Nature
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Building Blocks of Matter 
in the Standard Model  

❑Quarks and leptons are 

organized in families or 

generations of matter

❑ So far we observe three 

generations (I, II ,II)

▪ Second and third generations are 

copies of the first, only much 

heavier

❑ All have intrinsic angular 

momentum (spin) of ½ (fermions)

❑ All particles have anti-particles

❑ Display same mass and spin

❑Opposite electric charge 
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The Higgs boson provides for explanation for the mass of 

quarks, leptons and weak bosons. It is a cornerstone of 

the theory of fundamental interactions.



The Large Hadron Collider

ATLAS

ALICE

SA’s contribution

ALICE

ATLAS

ISOLDE

Theory



Parton-Parton
Interaction

Parton Parton

Proton

Proton

Proton Remnants

Proton Remnants

Partons (quark and gluons) in 
proton collide at high energies 
and produce heavy particles

E=mc2

Recorded by 

detectors



The ATLAS Detector

7000 tonnes of detector sits 100m underground
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Picture in the New York Times

City Press

The Times

The Discovery of the Higgs boson 

at the Large Hadron Collider

Nobel Prize 

awarded to 

theorists in 2013



CERN: Where the Web was born



Why the Big 

Data Challenge?



In order to look into smaller distances it 
is necessary to increase the frequency 
of collisions.



Generating 1 PB of data every 

second per experiment 





The Worldwide LHC Computing Grid (WLCG)





Recent Technology 

Transfer from CERN

Some Spin-offs from CERN



Tumor therapy with protons

Proton Emission Tomography

Medical imaging
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COVID-19: 

Modelling the 

pandemic

Why us?



25

First to implement Machine Learning 

techniques for the discovery of the 

Higgs boson at the LHC

December 2002

Machine Learning



Modern Machine 

Learning at CERN
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Appointed member of the Gauteng Province Premier COVID-19 Advisory Committee.

Our team leads official modelling for the most populous province in SA.

Gauteng province hosts Johannesburg, Pretoria and other metros, ~16M people.

Covered on TV, radio and news papers hundreds of times.

https://www.covid19sa.org



The Southern Africa COVID-19 Consortium

D.E.Adams, M.Bashir, J.Choma, F.Correa, S.Dahbi, B.Dwolazky, 
L.Dwolazky, R.Gusinow, K.Hayasi, G.Hillhouse, H.Hlomani, L.Iiyambo, 

D.Kar, R.Katlego, T.Lebese, S.-M.Liao, T.Mathaha, B.Lieberman, 
P.Makepe, C.Maslo, B.Mellado, M.Molepo, K.Monnakgotla, D.Musundire, 

J.Naude, R.Nemalili, A.Nkoana, J.Njagarah, C.M.Paulo, R.C.Saide, 
X.Ruan, R.Setso, E.Steere, F.Stevenson, O.Tikologo, M.Van der Ventel-

Bark, D.Wilson, et al.

Modelling COVID-19
A showcase for data-driven decision making
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Modelling Hot 

Spots in Gauteng

with AI

Paper to appear in Int. J. Environ. Res. Public Health 2022

Used in hot spot mitigation strategy by Government in the Gauteng Province



Gaussian Mixture Model

Pictured: Bivariate GMM

• Currently using GMM, where 

the hotspots are model as a 

large collection of weighted 

(possibly overlapping) 

Gaussian distributions

Use of Artificial Intelligence (unsupervised 

learning) to derive a data-driven model that is 

specific to the Gauteng Province
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Picture displays geolocation and severity of hot-spots in Johannesburg 
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Risk Index of new 

Waves with AI

Requested by Government and the South African National Defense Force in 

order to assess the level of risk of new waves

Use of classical analytics and AI.

Int. J Environ Res Public Health 2021 Jul 9;18(14):7376 doi: 10.3390/ijerph18147376.

Early detection algorithm of new waves used for planning



Have released a new early 

detection algorithm based 

on Artificial Intelligence

Created a risk index that 

helps understand whether 

the data is consistent with 

low or high risk of a new 

wave

https://www.covid19sa.org/riskindex-ai

Int. J Environ Res Public Health 2021 Jul 9;18(14):7376 doi: 10.3390/ijerph18147376.

https://www.covid19sa.org/riskindex-ai
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Risk index of 3rd wave powered by AI. 

Index updated daily. Each province has specific model with 

specific thresholds

https://www.covid19sa.org/riskindex-ai

Gauteng – 3rd wave risk index powered by AI

AI-based algorithm indicates that the 

situation is passing the threshold of 

high risk

See. F. Stevenson’s talk

https://www.covid19sa.org/riskindex-ai
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Modelling the roll 

out of vaccination 

with AI

Assisting the Government in the Gauteng Province in establishing strategies 

in conditions of scarcity jabs (first half of 2021)

Int. J. Environ. Res. Public Health 2021, 18, 7890. https://doi.org/10.3390/ijerph18157890 
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Dr. Senabe leads the working group of priority and target populations.

Have plan for Phase I and Phase IIa, which rolls our vaccine to front-line workers.

Here we will concentrate on Phase-IIb, where data science comes in to help

Phase IIb

Data Science 

The goal of Phase-IIb is to vaccinate the population at is at most risk of developing 

severe disease. The goal of Phase III is mostly to generate population immunity  
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First implementation of the integrated approach and social vulnerabilities.

Pursue a two-prong approach:

Phase-IIb

Use the WHO Values Framework with GPG/GCRO 

vulnerability indexes to account for social vulnerabilities. 

Geo-spatial map of vulnerabilities is available.

Use smart algorithms based on Artificial Intelligence with 

which to Fine Tune the national strategy by taking into 

account provincial data. 
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Used semi-supervision in Machine learning to develop a DNN model based on the 

classification of patients according severe illness (ICU, High Care or died) and 

patients discharged from General ward. Model tested with adult population. 

Model tested with adult 

population using multi-

dimensional data from 

GCRO population surveys

DNN training on 

multi-dimensional 

data from the 

department of health
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Modelling using Artificial Intelligence and multi-dimensional data from the GDOH and 

the GCRO. The graph estimates the performance of the smart algorithm

Fraction of the Gauteng population over 18  that is vaccinated
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For example, vaccinating 20% of the population can 

lead to reduction of severe disease by a factor of 5. 

This is done by prioritizing communities with higher 

risk with this smart algorithm

Phase-IIb
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Understanding 

Vaccination 

Hesitancy with AI

Assisting the Government in the Gauteng Province in establishing strategies 

in conditions of scarcity of demand due to vaccination hesitancy

Project in collaboration with IBM
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Understanding vaccination hesitancy with social media.

Assessing hesitancy is essential to policy making

Project with IBM, using sophisticated AI tools in natural language processing
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Hyperparameter optimization of NLP with tweet data. See N. Perikli’s talk
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Thanks to Blessing and Nidhi
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Satellite data and 

early pandemic 

detection with AI
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Satellites from the European Space Agency continuously scan the African 

continent. This data is known to give sufficient information as to the habitat of 

mosquitos, which is essential to monitor and predict malaria outbreaks at the Pan-

African level using Big Data and Artificial Intelligence.
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Massive amounts of data from the Sentinel satellites are available and remained 

untapped for Malaria monitoring and predicting Malaria outbreaks.

Below are examples of Satellite data processed for the extraction of vegetation 

indexes.
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Air Quality 

Monitoring
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https://www.sacaqm.org
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Need to turn this into a Pan-African consortium
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GP2Y1010AU0F

Ch2: V_signal

Ch3: PWM input

GP2Y1010AU0F PM Sensor  - nRF9160DK experimental setup



• A visionary initiative linking CERN’s sustainability roadmap with industrial solutions for sustainability 

and the talent of young innovators. 

• A unique setting, a city within a city, to test and scale up early-stage innovation on site and share 

technologies and know-how, contributing to Europe’s Green Economy.

An Air Quality monitoring System for the CERN Green Village

CERN Green Village | SCE

Ryan Mckenzie 16

https://sce-dep.web.cern.ch/cern-green-village
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Fig. A google maps image illustrating the traffic density of the Route de Meyrin. Credit: Google maps.

The CERN campus: A test-bed

• No air quality monitoring system is currently deployed at CERN.

• The high-use Route de Meyrin that connects Saint-Genis Pouilly and Geneva has 

been identified as a region for deployment,

• The route bisects the CERN Meyrin campus and is a busy arterial road that is 

frequented by CERN staff, Users,  as well as tourists visiting CERN. 


