
The UJ–ATLAS and Associated Innovation Group + UNISA + UWC
• Staff

– Simon Connell (Prof)
– Muaaz Bhamjee (Sn Lect)
– Nicolin Govender (Prof)
– Loan Truong (Lecturer, Visiting Prof)
– Francois Pieterse (Sn Lect)

• Post Docs
– Bongani Maqabuka
– Emmanuel Igumbor
– Hasina Ralijaona

• Students 
– PhD: Phineas Ntsoele
– PhD: Thendo Nemakhavhani
– PhD: Matthew Connell
– MSc: Xola Mapekula
– MSc: Mr Mitchell Phiri
– MSc: Gideon Bentum
– MSc Chris Lee

• Associate sub-institute 
– Lerothodi Leeuw (Prof UWC)
– Pedro Mafa (Dr UNISA)
– Mantile Lekala (Prof UNISA)

• Necsa Associates
– Dr Graham Daniels, Dr Dazmen Mavunda, Eric Chinaka, Linina Bedhesi

• Research Associates
– Dr Martin Cook (SRA UJ), 
– Dr Sergio Ballestrero (SRA UJ)
– Tim Brooks (SRA UJ)
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Dr C Lee 1st SA 
PhD in ATLAS 

PET, PEPT, SPECT

UJ in ATLAS Timeline ….. Many 1st achievements
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Necsa partner 
with UJ 
in ATLAS

SA-ATLAS 
launched

UJ 1st SA entity 
in ATLAS as a 
Sub-Institute of 
BNL

K Assamagan 
(BNL) visits  SA to 
arrange entry into 

ATLAS

Physics     +      Outreach     +   Tech Transfer

1st Commercialization ?
Proposed partners

UJInvnt
Gem Diamonds
Letśeng Mine

NeT Instruments
Research Instruments

Cosylab

3 Students 
learn Grid 

Computing in 
USA 20152005

UJ organises 1st

Grid School in SA

MinPET + Reactor Physics + Grid Computing

Staff members in TDAQ HPC / Engineering

Extreme Sensors

SA-CERN 
launched UNISA partner with 

UJ in ATLAS
Astro + HEP

2010 2020

Health

Modelling and 
CFD in COVID-19

Necsa and 
ESKOM / Koeberg



Analysis : Physics motivated by searches for Dark Matter
• Standard Model (SM) has deficiencies

Ø Many free parameters, no DM or DE, (anti)matter paradox, hierarchy problem, strong CP 
problem, no gravity …

• Hidden (dark) sector states introduced with an additional U(1)d  dark gauge 
symmetry appear in many extensions to the SM, the models are capable of
Ø providing a candidate for the dark matter (DM) in the universe
Ø explain astrophysical “observations” which may have DM interpretation

• This represents an alternative DM scenario to that of Super Symmetry
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Analysis : The Higgs Portal to the Dark / Hidden sector
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Higgs Portal Models for BSM DM
Ø J.D. Wells, arXiv:0803.1243, 2008 
Ø S. Gopalakrishna, S. Jung and J.D Wells PRD, 78(5):055002, 2008
Ø Curtin et al, http://arxiv.org/abs/1312.4992

1. H à ZdZd à 4e, 4µ, 2e2µ, 
2. H à ZZd à 4e, 4µ, 2e2µ
3. S à ZdZd à 4e, 4µ, 2e2µ
4. S à ZdZd à 4e, 4µ, 2e2µ + 2j
5. S à ZdZd à 4e, 4µ, 2e2µ + MET

6. H à invisible (VBF)

7. H à ggd

http://arxiv.org/abs/1312.4992


Analysis : The Higgs Portal to the Hidden sector with Zd
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Latest published result …..  Just gone on the arXiv



Analysis : The Higgs Portal to the Hidden sector with Zd
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Latest published result …..  Just gone on the arXiv



Upgrade: Keeping the ITk dry. (Humidity / Temperature)
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Sensitive region

DAQ PC OPC
UA Server

ATLAS
P1

ATLAS ITK
New radiation hard

fibre optic 
humidity sensors

Pair of (LPG for RH, FBG for T)



Upgrade: Keeping the ITk dry. (Humidity / Temperature)
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CFD Modelling

CFD simulations for temperature and humidity distribution inside 
the detector volume … lead by Dr Muaaz Bhamjee



Upgrade: Keeping the ITk dry. (Humidity / Temperature)
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CFD Modelling

Outer Pixels
CFD simulations for 
temperature and humidity 
distribution inside the detector 
volume

Z +-375mm: 0.05 scale

• Border between 
longerons and conical 
disc sections.

• Flow much faster 
towards the centre.



Upgrade: Keeping the ITk dry. (Humidity / Temperature)
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CFD Modelling

Temperature

Inner Pixels
CFD simulations for temperature flow during bakeout …  
This version, thermals w/o radiation. Homogeneity improves slightly with radiation



Operations : TDAQ SysAdmin and Network

• The TDAQ (trigger and data acquisition) has 
a System Administration Team with one UJ 
Staff member (Haydn du Plessis – left 31 Jan 2019). 

• This section records the data direct from the ATLAS 
detector, does substantial online analysis, and stores the 
data.

• Haydn assisting as Sys Admin of the UJ Research cluster.
• Mitchell Phiri started 1 Feb 2019 in the Network section.
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Sergio Ballestrero
2008-2012

Chris Lee
2012-2015
2019-2021

Haydn du Plessis
2017-2019 Jan

Mitchell Phiri
2019-2020



Operations : Muon ConfigDB in the Control Room
Muon ConfigDB schematic view

- Provide access in an intuitive way to the Muon Data Base
- Make finding problematic devices/parameters easier for experts
- Keep things simple enough for non-experts

- => Access to DB
- => Identification (user, privileges)
- => GUI
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Operations : UJ-ATLAS Detector Lab – Micro-Megas NSW

The UJ and UCT local Lab
1. R2M NRF NEP / UJ 

procurement 
2. Some procurement 

shown below
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Outreach : Many … one eg. Accelerators for Africa
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The	African	Light	Source		
Project	

30	Jan	2019	 The	African	Light	Source	:	AfLS2	+	PCCr2	Conference	

PhD	/	Paper	/	Programme	

28/52	>	50%	

THE	AFRICAN	LIGHT	SOURCE	CONFERENCE		
28	Jan	–	2	Feb	2019,	Accra,	Ghana	

held	jointly	with	the		

THE	PAN	AFRICAN	CONFERENCE	on	CRYSTALLOGRAPHY		

THE	AFRICAN	LIGHT	SOURCE	CONFERENCE	
IS	OPEN	TO	AFRICAN	SCIENTISTS,	COLLEAGUES,	
STUDENTS	WHO	HAVE	UTILISED	LIGHT	SOURCES,	

AND	FRIENDS	OF	AFRICA	WHO	SUPPORT	THE	VISION	
FOR	AN	AFRICAN	LIGHT	SOURCE.	

ORGANISING	COMMITTEE	
Simon	Connell	(Chair),	U	Johannesburg,	SA	
Prosper	Ngabonziza	(Vice	Chair),	MPG,	Rwanda	
Dean	BarreU,	LNLS,	Brazil	
Thierry	d'Almeida,	CEA,	France	
Bradai	Djamel,	USTHB,	Algeria	
Tabbetha	Amanda	Dobbins,	Rowan	U,	USA	
Jürgen	Härtwig,	ESRF,	Germany	
Bjorn	Von	der	Heyden,	U	Stellenbosch,	SA	
Nkem	Khumbah,	U	Michigin,	USA	
Diouma	Kobor,	U	Ziguinchor,	Senegal	
Brian	Masara,	SAIP,	Zimbabwe	
Edward	Mitchell,	ESRF,	France	
Mashikoane	Wilson	Mogodi,	ESRF,	SA	
Sekazi	M]ngwa,	TriSEED	Consultants,	USA	
Lawrence	Norris,	AfPS,	USA	
Schadrack	Nsengiyumva,	U	Rhodes,	SA	
Tshepo	Ntsoane,	Necsa,	SA	
Philip	Oladijo,	BIUST,	Botswana	
Mantoa	Sekota,	NUL,	Lesotho	
Ahmadou	Wague,	AOPS,	Senegal	
Mohammad	Yousef,	U	Cairo,	Egypt	

SCIENTIFIC	ADVISORY	COMMITTEE	
Sekazi	M]ngwa	(Chair),	TriSEED	Consultants,	USA	
Hitoshi	Abe,	KEK,	Japan	
Aba	Andam,	Kumasi	NRL,	Ghana				
Zohra	Ben	Lakhdar,	U	Tunis,	Tunisia	
Richard	Catlow,	Royal	Soc,	UK	
Felix	Dapare	Dakore,	AAS,	Ghana	
Mmantsae	Diale,	U	Pretoria,	SA	
Esna	Du	Plessis,	SASOL,	SA	
Ken	Evans-LuUerodt,	BNL,	USA	
Jean-Pierre	Ezin,	U	d’Abomey-Calabi,	Benin	
Andrew	Harrison,	Diamond,	UK	
Tarek	Hussein,	U	Cairo,	Egypt	
Gihan	Kamel,	SESAME,	Egypt	
Claude	Lecomte,	U	Lorraine,	France	
Ernie	Malamud,	U	Reno	and	Fermilab,	USA	
Krystle	McLaughlin,	Vassar	College,	USA	
Romain	Murenzi,	TWAS,	Rwanda	
Tshepo	Ntsoane,	Necsa,	SA	
Giorgio	Paolucci,	SESAME,	Jordan	
Kennedy	Reed,	LLNL,	USA	
Sandro	Scandolo,	ICTP,	Italy	
Francesco	SeUe,	ESRF,	France	
Hulda	Swai,	NM-AIST,	Tanzania	
Nelson	Torto,	AAS,	Kenya	
Herman	Winick,	SLAC,	USA	
Mohammad	Yousef,	U	Cairo,	Egypt	
Michele	Zema,	U	Pavia,	Italy	

Web	Pages	
AfLS2	Conference	: 	hUp://events.saip.org.za/event/AfLS2_PCCr2	
PCCr2	Conference	:		hUp://www.pccrafrica.org		

Conference	Secretariat	
AfLS2	: 	AfLS2019@saip.org.za		
PCCr2: 	info@pccrafrica.org		

Conference	Venue	
GS	Plaza	Hotel,	Accra,	Ghana	

CONFERENCE	TOPICS	
Medical	 Sciences,	 Heritage	 Sciences,	 Geosciences,	
Environmental	 sciences,	 Energy	 Sciences,	 Nano	
Sciences,	 Materials	 Sciences,	 Mineral	 Sciences,	
Accelerator	 and	 Detector	 Sciences,	 Compe]]ve	
Industry,	 Capacity	 Building,	 Infrastructures,	 Strategy	
and	Vision	for	the	AfLS.	

Capacity Building, Regional Infrastructure, African
Governments, Pan African organisations.



Towards Innovation
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Research at ATLAS
1. Physics Discovery searches
2. Upgrade
3. Operation
4. Detector Development

Knowledge Hub, Networking and then Technology Transfer
1. Modern, pre-commercial high-performance sensors (detectors)
2. High throughput electronics
3. Intelligent DAQ
4. Big data
5. Data visualisation, reconstruction
6. High Performance Computing, Multi-CPU, GPU, AI, ML
7. Full Physics Modelling
8. Full Dress Rehearsal Experiments and Simulation
9. Digital Twins 
10. Innovation, IP Protection, Commercialisation

(9 Patents filed in last 3 years)
(Many patentable disclosures pending decision)

Commercial Programmes 
1. MinPET (discovery of diamond in Kimberlite)
2. Medial PET, PEPT for Mining, Poly PET, SPECT for Security
3. FOS in reactors, real-time, on-line, in-core
4. Public Health - CFD, Wearables AI, Epidemiology
5. Blaze-DEM
6. Ubuntu Reactors (Geant4)



Towards Innovation
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planar PET 
array

ejection 
system

irradiation 
hopper
produce 

PET 
isotopes

hold hopper 
~30 min 11C 
dominates

Accelerator Activation

Novel PET Detection System

Big Data processingAI, ML, Classification

30 MINUTE 
HOLD 

HOPPER



Low Hanging fruit for PET Innovation …. Diamond discovery

25 Aug 2021 MinPET Technology for Kisch 17

A high quality 254 
carat Type II white 
diamond, on 
29 April 2021.

Note many clean recent 
breakage surfaces 

Clip from Letśeng movie

Typical run of mine, 400 tons/per/hour … (MinPET: 700-1400 tph)

CaCO3
40Ca -> 38K
16O -> 15O
12C -> 11C 

All three are PET 
isotopes

Worst case of “background”



Low Hanging fruit for PET Innovation …. Diamond discovery

25 Aug 2021 MinPET Technology for Kisch 18

Piel Wolson

Martin Cook

BrombergerRoberto Bassini

MinPET – proposed Technology Partners first Full Meet and Greet – Zoom 3.6.2021 



Ubuntu Reactors – Geant4
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Green Sustainable Energy
1. Developing open-source Reactors Physics modelling.
2. Extensions to Geant4 enable Burn, Decay and Core follow
3. 29 page paper accepted in Annals of Nuclear Energy



High Performance Computing, Blaze-DEM, GPU, AI, etc
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Prof Nicolin Govender



High Performance Computing, Blaze-DEM, GPU, AI, etc
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High Performance Computing, Blaze-DEM, GPU, AI, etc
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High Performance Computing, Blaze-DEM, GPU, AI, etc
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High Performance Computing, Blaze-DEM, GPU, AI, etc
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28 Nov 2018 FOS (DST and TIA) 25

Tech Transfer : Fibre Optic Sensors (from ATLAS ITk à Reactors)

Nuclear Energy 
Radiation Hard, Moderate Temperature (300°C - 400°C)
• Koeberg (ESKOM) : Monitoring of temperature, neutron flux (power)
• Sense Temp, Dose, Water-level etc – in-core, on-line, real-time 
• Fiber survival beyond 1 x 1021 n/cm2 (epi-thermal) in SAFARI tests.
• R&D in progress.

Tests so far equivalent to 
at least 2 G Gray, or two 
weeks in a 1GW PWR.

Improved 
reactor 
efficiency and 
safety.

Use existing 
measurement 
infra-structure 
provision

+ other 
colleagues



Public health
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Some of our projects …..
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