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UCT-ATLAS Size & Shape
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1 Academic Physics PI (James Keaveney)
3 Engineering Faculty т Prof. Ed. Boje, Dr. Reuben Govender, Prof. Amit Mishra

2 Physics PhD Students:
 Ryan Atkin т VH Cross Section and ITk simulation
 Cameron Garvey т Top Yukawa, ITk EoS QC and Jet calibrations

Physics Masters students:
 James Mitchell т tWZ search Run II
 Thobani Sangweni т tWZ search Run III
 Jemma Bagg т Anomaly Detection Triggers
 Aminul Hossain т Modelling Toponium

Engineering Masters students:
 Amandla Mvimbi т Evaporating cooling
 Thomas Stern т Algorithms for Anomaly Detection Triggers
 Alex Ross т Outer Barrell moderator design and installation
 Lloyd Ross т Evaporating cooling

Around 4 3rd/4th year undergrad 
projects per year

Around 30 3rd year lab projects 
with ATLAS OpenData



Growing UCT/AIMS-ATLAS
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1 New Academic Physics PI from Feb 1st 2025 (Dr. Kevin Barends)
1 Honorary Academic post (Dr. Claire David) since 2024
1 New Postdoc shared between UCT and AIMS from Feb 6th 2025

Expansion of research programme in AIMS MSc AI for Science:

ÅΟШìĲĲťШƣċƨŊőƣШůŸĬƨũĲШŸŰШљ?ċƣċШÉĦŔĲŰĦĲШŸŉШÂċƖƣŔĦũĲШÂőǃƚŔĦƚњШ
taught with Dr. Julia Gonski (ATLAS, SLAC)

ÅMsc short project on Anomaly Detection in the trigger



UCT, SA-ATLAS & AIMS

Dr. Andreas Höcker,  CERN, ATLAS 
Spokesperson

Dr. Claire David,
AIMS Academic Director, UCT 
ATLAS 

Dr. Benedetto Gorini,
CERN, ATLAS 

Dr. David Francis,  
CERN, ATLAS 
Resources 
Coordinator

Dr. Ulrich Paquet,
AIMS Director, Google DeepMind 

AIMS AI4Science students 
visit UCT Physics during 3-
week Data Science of 
Particle Physics module 

UCT-CERN Seminar of Real-Time 
Artificial Intelligence in ATLAS 
experiment from Dr. Julia Gonski 
(SLAC/Stanford)

April 2024 - UCT-9EÅ ШÉĲůŔŰċƖШљ[ƖĲĲШEŰĲƖŊǃШŔƚШċũũШ
ǃŸƨШŰĲĲĬњШŉƖŸůШƽŸƖũĬ-renowned AI expert Dr. Max 
Welling (Uni Amsterdam)



LHC energies- in context
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Energy [GeV]

Planck 
Scale 1019

GUT Scale 
1016

Electroweak 
Scale 102

LHC Scale 
~102 -> 103
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Physics. Top quarks and Anomalies.

ATLAS and Education - OpenData.

Upgrade т ITk Polymoderator and EoS cards.



Fermion masses in the Standard Model
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иExplicit particle mass terms, i.e., ά ɰɰ break gauge invariance

иIntroduce a complex scalar field ‰with self-interaction terms ‘ ‰‰ and ‗‰‰

иInvariant Lagrangian, but non -invariant vacuum
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The Top quark and the Higgs boson
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ώ ρresults in huge corrections to effective Higgs parameters 
below a cut off scale ɤ

иif ɤ ӈШƕƨċŰƣƨůШŊƖċƻŔƣǃШƚĦċũĲШӛШĦŸƖƖĲĦƣŔŸŰШŔƚШΝΜ32 times 
observed value! 
иneed extremely fine-tunedĦċŰĦĲũũċƣŔŸŰШŸŉШљĤċƖĲњШƓċƖċůĲƣĲƖƚШċŰĬШ

corrections to give ά ρςυὋὩὠ

иIs fine-ƣƨŰŔŰŊШљŢƨƚƣШŉŔŰĲње
иfŉШŰŸƣЯШƽĲШőċƻĲШċШыcŔĲƖċƖĦőǃьШƓƖŸĤũĲůв

иnew physics could provide the cancellation (and lower ɤ ) 

иe.g, supersymmetric top partners ὸ
ǽ
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What we see.



New physics to resolve the Hierarchy Problem

- The SuSy example 

1

4

иsupersymmetric top partners ὸ
ǽ

with άǽ ȩȩ

иclear experimental prediction

иWhat do we see in the LHC data?

иNo hint whatsoever of natural top partners



Seeking new physics with tops 
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иsupersymmetric top partners ὸ
ͯ

with άǽ ά

иclear experimental prediction

иAs άǽᴼά signal would be manifested as an 

increased „ w.r.t „

иWhat do we see in the LHC data?

и%-level agreement with „

иNo hint whatsoever of natural top partners

Ὁǽ ᴼπÁÓάǽᴼά
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иsupersymmetric top partners ὸ
ǽ

with άǽ ά

иclear experimental prediction
иAs άǽᴼά signal would be manifested as an 

increased „ w.r.t „

иAs άǽ ά more efficient to select boosted

topologies

иWhat do we see in the LHC data?

иMild slope in spectrum for boosted 

topologies

Seeking new physics with tops 
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иsupersymmetric top partners ὸ
ǽ

with άǽ ά

иclear experimental prediction

иAs άǽ ά signal would be manifested as a 

disrupted e.g. angular distribution tail of 

decay products 

иWhat do we see in the LHC data?
иPersistent slope in top pt spectrum
иAlso observed at 8 TeV and in CMS

Seeking new physics with tops 
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иsupersymmetric top partners ὸ
ǽ

with άǽ ά

иclear experimental prediction

иAs άǽ ά signal would be manifested as a 

disrupted e.g. angular distribution tail of 

decay products 
ЉЉ

иWhat do we see in the LHC data?
иstronger spin correlations?!

Seeking new physics with tops 
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иWhat do we see in the LHC data?

иConsistent excesses with respect to „
ȾȾ

in both ATLAS and CMS

Seeking new physics with tops 
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иWhat do we see in the LHC data?
иNo smoking gunof light new physics
иNumerous mild but interesting tensions with the SM expectation

Can we tell the difference between a meaningful pattern of subtle new 
physics and less interesting set of unrelated mis -modelling and 
fluctuations?

Seeking new physics with tops - summary
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Why we should look closer.



The DrunkardôsSearch (aka The LHC physics programme)

2
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The Drunkardôs Search (aka The LHC physics programme)
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13 TeV LHC

Energy

we are confident that there is new physics out there

иĬŸŰќƣШťŰŸƽШŔƣƚШĲŰĲƖŊǃШƚĦċũĲвĦŸƨũĬШĤĲШӈШEplanck !

иwe look at ~ EEWу> few TeV
иthe energies we can directly access
иљÑőŔƚШŔƚШƽőĲƖĲШƣőĲШũŔŊőƣШŔƚњ
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The DrunkardôsSearch has failed
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иWhy?
Åis the NP scale (ǫNP) far larger than the LHC scale?

ÅEffective Field Theory tells the effect of high -scale NP on low energy observables

ÅIntegrate out heavy particleséreplace with new operators and effective couplings

ÅSpecific details of new particles invisible at low energy

иNo light new physics observed in the LHC data
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famous example of Fermi theory of Beta decay



The SM as an EFT: SMEFT

ÅAssume:
ÅȿNP >> LHC scale
ÅSM symmetries are respected at the 

LHC scale

ï extend the SM Lagrangian with higher-order operators

ï usually the most important operators are dimension 6

Å ?ŸŰќƣAssume:
и ŰǃШƓċƖƣŔĦƨũċƖШÖéШĦŸůƓũĲƣŔŸŰШŸƻĲƖШ̔NP



The SM as an EFT: SMEFT

searching for new particles śearching for new interactions

bump -hunting d́etermining c i 

arXiv:1505.08841

LHC example тOtG affecting rate and kinematics of ὸὸproduction

modified gtt 

vertices

new ggtt 

vertex-

d-6 operators cause subtle effects in rates and kinematics of processes

ײַ ὭὫ ὗ† Ὕὸ‰
ǽ

Ὃ



Diverse, high-profile analyses

ÅTop quark physics

Å ttW charge asymmetry - constraining electroweak couplings and subtle new physics JHEP 07 (2023) 033

Å novel top mass measurements using J/Psi ANA-TOPQ-2018-19

Å ongoing - search for rare tWZ process ANA-TOPQ-2019-29

Å ongoing ï constraining Top Yukawa from tt threshold ANA-TOPQ-2023-33

ÅHiggs (VH(H->bb)) STXS optimisation

ÅANA-HIGG-2020-20 Eur. Phys. J. C 81 (2021) 178

UCT-ATLAS

https://link.springer.com/article/10.1007/jhep07(2023)033
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-TOPQ-2018-19
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-HIGG-2020-20
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2


ITk Polymoderator

ÅUCT producing 3 polymoderators (central & outer barrel and endcaps) 

to shield the ITk from damaging neutron flux in the HL-LHC

ÅAll raw materials (HDPE) procured and delivered to 

     SAAO Cape Town for fabrication

ÅCentral Barrel completed and delivered to CERN 

ÅEndcap fabrication commencing this quarter

ÅOuter barrell design M.Eng project of Alex Ross

  (superv. Dr. Reuben Govender) CERN Dec 
2022

Precision, large area milling on hard HPDE required R&D and 
innovate approach in Mechanical Engineering
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ITk Upgrade.



ITk Cooling



ITk Cooling



ITk EoS Cards

automated generation of statistical uplink eye diagram tests of high-speed links developed entirely at 
UCT -> UCT firmware now in heavy usage in EoSproduction @ DESY

UCT group in collaboration with DESY developed firmware 
and test procedures for EoS electronics card production 
campaign 



Outreach!

CHACAL 2024 School at Wits, co-funded by CNRS, France 

Visit of ATLAS experiment Management Team to SA-ATLAS, Nov 2023

Phenomenal Physics event at UCT for 200+ High School Learners


