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SA-CERN celebrated its 

10th anniversary this 

coming November 19th-

21st

Presenting at the event 

plans for the next 10 

years including 

continued expansion of 

the effort in the area of 

technology transfer 

and innovation. 

iThemba LABS is the 

host of the SA-CERN 

program

http://sa-cern.tlabs.ac.za
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The Large Hadron Collider

ATLAS

ALICE

SA’s contribution

ALICE

ATLAS

ISOLDE

Theory



In the early stages of the Universe; Quarks and gluons were reaming freely

As the universe cooled down, they got confined and have remained imprisoned 
ever since...

Physics with Heavy Ions
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Heavy Ion Collisions 

with the 

ALICE Detector



A surprise: Observation of elliptic flow and other effects first 
seen in heavy-ion collisions also in pp and p-Pb collisions
‣ Puzzle: is QGP in small systems?
‣ But no jet quenching seen in small systems
Ongoing discussion

Quest: 
study of particle production mechanisms in different collisions 

systems 
–Which mechanisms involved? 

•Possible connection between hard and soft processes 
–Production at QGP freeze-out
–Role of hadronic re-scattering phase 
–Hadronization at high-pT

Z. Buthelezi



Are We happy with the SM?

The SM as it is does not solve a number of 

fundamental questions/problems

Quadratic divergences of the Higgs mass

Higgs mass grows with scale of new physics

Does not explain the origin of the neutrino mass

Does not explain dark matter in the universe

Does not explain dark energy in the universe

 The universe expanding at an accelerated rate

How about gravity?

Unification of fundamental interactions

Why three generations?

Etc…

8



0 1 2 3 4 5
2

g
b

0

10

20

30

40

50

60

70)
l

-2
 l
o

g
(

s5

-jetsbATLAS R1 SS leptons + 

-jetsbATLAS R1 DFOS di-lepton + 

-jetsbATLAS R2 SS leptons + 

-jetsbCMS R2 SS leptons + 

CMS R2 DFOS di-lepton

-jetsbATLAS R2 DFOS di-lepton + 

miss

T
ATLAS R2 3 leptons + E

miss

T
CMS R2 3 leptons + E

Combination

 ICPPWits

9

Multi-lepton anomalies in p-p collisions
Implications for LHC and future colliders

Connection with anomalies in Astro-Physics?

With simplified model 

obtain ~8σ significance

JHEP 1910 (2019) 157

J.Phys. G45 (2018) no.11, 115003 

Eur.Phys.J. C76 (2016) no.10, 580
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Is the SM breaking down through 

the leptonic sector?
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Apparent violation of lepton flavor 

conservation in B-meson decays

Anomalous magnetic moment of 

the muon (also electron?)

Multi-lepton anomalies in p-p 

collisions at the LHC (see above)

Electron neutrino appearance at 

MiniBooNE/LSND

How about 

Astro-Physics?
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Excesses in Astro-Physics consistent with DM annihilation into not so 

heavy mediators. Includes leptophilic excesses, such as position rise 

in PAMELA/AMS02. Consequences for MeerKat/SKA, KM3NeT

Courtesy of G.Beck
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Machine Learning
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Plans for next ten years include: contributing to the upgrade of the detectors, 

expanding the student body and our technology transfer and innovation efforts. 

Phase-II upgrade has been postponed to 25-27  
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SA 

contributions

ITk

Phase-II (LS3) upgrade of ATLAS



Tech Transfer and 

Relations with Industry

Technology Innovation Platform

Presentation by Prof. Papka

Application of Classroom 

Fundamentals in Industry

Presentation by Rinae Nnduvheni (Deloitte)

Bridging the Gap between Industry and 

Academia

Presentation by Dingane Hlaluku (IBM)
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Structure of the 

Workshop



Distinguished Foreign Lecturers
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Prof. Benjamin FuksProf. Kaoru Hagiwara
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Proceedings due March 1
st 

2020

Follow successful experience with previous 

editions
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