MinPET =4IR, Tech Transfer, innovation, Commercialisation -
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Diamonds are rare but valuable

* 1.7 cpht ~ 3.4 parts per billion.

* In“lumps”, not finely dispersed.

« Extreme case for high value buried in waste

« Global rough diamond market 153 M ct, 2017 ~ 15.4 B$
« Breakage also significant driver

MinPET Benefits

» Less plant, less processing less energy, less water, greener

7 « Marginal mines viable, longer life of mine, mine in arid regions
” « Audit tailings and return to greenfield

» Protect diamonds from breakage
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Earliest use of diamond by humans

Archeological evidence that the
Chinese could polish
Corrundum, implying they had
some diamond
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DiamondHistory g
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The Valley of the Diamonds
Diamond mining in the Indian Kingdom of Motupalli

1600’ s

From “The Hope Diamond”
by Richard Kurin
(not original ref)
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MInPET = 4IR, Tech Transfer, Innovation, Commercialisation i}~
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Dark Matter

\

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

,,,,

MiInPET developments have
benefitted from ATLAS at CERN

e Sensor development

e Simulation

* High data throughput

* Big Data analysis

* High Performance Computing
* Human resources

\
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What s PET ........ Medical PET ...... the idea I
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Beta decay photon POSitron
bositron T~ / Emmission
~ ol Tomography
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Inject patient with radio-
labelled sugar / biomolecule.
Targets a metabolic function.
e Cancer metabolizes fast

. * Active areas of the brain
" too
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labelled '
Targetsam Olic function.
e Cancer metabkplizes fast
; ' e brain
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Mirny Diamond Mine
in Siberia, Russia, very
big ....

But now mined out !

A lot of rock must be
processed !
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e 6000 known

kimberlite pipes.

e 1% commercial

53 Largest Diamond Mines

* 60 diamond -
mines ?:.
Production (Carats pa) iz
° 50000 Q 16 8000 000
Revenue (MS pa)
4 2,048
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2015

127-million carats
100 million tons
S14 billion
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e, destructive %i%
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Grease
table

Expensive - breakage
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The Diamond breakage issue
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The Diamond breakage issue

‘‘‘‘‘
......

Diamond Breakage — Loss of Revenue

51.27 carats
19.46 carats

US$ 6 900 000
US$ 215 000

Total value as two stones: US$ 7 135 000
Total value as one unbroken stone: US$ 17 700 000

US$ values are approximate
Estimate loss of $10m
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The Diamond breakage issue
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The Cullinan, about 3107 ct, was maybe twice as big ?
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MinPET in @ Nutshell <>
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PETLinesof Response (lof) 1
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Irradiation converts normal 12C
to 11C by irradiation with high
energy photons

11C beta decay

photon
positron T /
~~ | 0 /,/’?oo\
b ; '}
.... Detection ......
.... Reconstruction ......
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PET Lines of Response (LoR) <>
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Reconstruction of a Point Source
Back projection

P e L

Need
1,000,000 Lines
of Response per rock.

Technological developments
compensated unforeseen systematic
problems exactly.
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| kimberlite
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Activated kimberlite vs normal kimberlite
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First “killer” experiment (2007)
Karolinska Hospital
Medical Gamma therapy + Medical PET
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Detectordevelopment 1
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NeT

“instruments

Detector Development — with Italian Partner

BGO segmented scintillator
crystals

High throughput front end electronics
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Detectordevelopment 1
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* |AEA Country Programme Framework Technical Cooperation: circa R2.8M
» Development of Mk3 detectors with NeT Instruments
* TIA seed fund: visit to commission detectors
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Tpicalresuts 1
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12.5 carat diamond

10 cm cube kimberlite
2.3kg
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7 mm diamond
2.9 carat

10 cm cube kimberlite
2.3kg
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CaCoO,

40Cq -> 38K
160 -> 150
12C > 11C

All three are PET isotopes

Worst case of “background”

NNNNNNNNNNNN
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Topicalresalts 1F

UNIVERSITY
OF
JOHANNESBURG

10.3 ct diamond

1.431 kg of Calcite
L =15cm
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2.9 carat diamond

350g kimberlite (50mm)
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Tpalresuts 1
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0.23 carat diamond
4 x5.5x0.6 mm3 S
F=3mm '~.\‘J‘_’

350g kimberlite (50mm)
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5.0 carat diamond

410g drill core
f=74 mm
L =40 mm
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Tpalresuts 1F
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22.9 carat diamond

wo Q|

18 cm

3.33kg kimberlite
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0.91 ct

95mm long
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170 mm long
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Signin  Directory

Download |User Forumd

6\ G E ANT4 Contact Us | Bug Reports

A SIMULATION TOOLKIT
Applications

User Support Publications Collaboration

Full physics model of MinPET

* Electron accelerator

* Mixed radiation field from the Activation stage
e Treat Nuclear Physics with TENDL
* GDRX(y,n)Y
* Other channels and 2"d order processes
* Simulate moving rockstream
* Each time slice separate geant4 run

e Simulate Radiation Damage in Diamond

* Simulate Activation in Kimberlite R | 20 MINUTE
HOLD

* Simulate Detector Response HOPPER
e Produce Data nTuples (Sim or Exp) " 4
* Create 4D Sinogram

e Perform 3D Reconstruction (MLE - GPU)
e Perform Al Classification

4 Dec 2020 34



g 10
?e Co“pamc\e X

Estimate vacancies produced by shower and

secondaries from 40 MeV e-g beam -
GR1 @ 0.3 ppb \
Paleo-dose s .
10 Bq/g integrated back in time for 2 billion years > AN
3 °-\ : Paleo-exposure
T8 .
Estimate primary vacancies produced by natural E: | '-Otﬂ to diamond
photons > 185 keV = .5 ..
—
238U S —— .
Nature = 104 x MinPET dose %
(+ some annealing of V and aggregation of defects) 0 Th :
4.5 Ga present
Time

MinPET’s effect on diamonds is many orders less than exposure in nature ...
Damage study concludes beow low temp laser induced Photo Luminescence
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\Artificial Intelligence, Big Data, High Performance Computing

Training data from Simulation

* Big effort to develop accuracy in SIM
 Benchmarking to experiment

e High performance computing

* Large data sets
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I Non diamonds

5mm diamonds

I 6mm diamonds

7mm diamonds

I 8mm diamonds

10mm diamonds

-
Q

We now have an

“all singing and all
dancing’

Artificial Intelligence
to classify the diamonds.
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Detection - Classification b s =

t<5s

Number of classifications

-
o

~ significance
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% Sy %Yy
Demonstrated MinPET in a FULL-DRESS-REHEARSAL ‘9@9(,/"0@:%%

Rate equivalent to 1 MinPET unit ... Run of Mine ... 500 tph %, %,
Benchmarked Computer Simulations for FDR

Complete exclusion of “unknown unknowns” to 10%
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Scale-up : Data Rates - we need to process 16 GBs
How does ATLAS do this with 160 GBs ?

S
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Partition data into Regions of Interest, analyze in parallel, then data fusion

ATLAS MinPET
Event rates Trigger DAQ Data rates ‘ f.
(peak) Calo/| (Pixel (peak) ™ b At
Muwon| |/scT) |Other 5 .% X
— 0(100 PBIs) ‘ S
40 MHz 8 & i Anarin
- @
H‘;‘r‘gfa":e Fe ) (Fe | (Fe ] 2
P~ Level 1 Accept ¢ - 16 GB/s
@
\/ rRooJ (Rop] (Rop) f
100 kHz Regions of Y
Interest ~ 160 GB/s el
‘ 100
(1) =
Readout System ]
~ 40k 2
Fragments o
H[[ Processing Unit > B v
Full event B} ~25Gals
¥ 0010
[[ Data Logger ]
\/ Y ¥
~15kHz g ~1.5GB/s
f CERN L S— 1 GB/s stored
|____Permanent Storage___ ) for 25s
https://cds.cern.ch/record/2244345/files/ATL-DAQ-PROC-2017-007.pdf
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https://cds.cern.ch/record/2244345/files/ATL-DAQ-PROC-2017-007.pdf

‘Gem Diamonds own Letseng mine n Lesotho 1F

UNIVERSITY

Joint research with Gem Diamonds
Producer of especially large
S Gem Diamonds
to be scann detecting diamond
sgrel “ within kimberlte Annual Report
”’E.‘:..’.‘::Z'!”:.’&‘.’:’ and Accounts
’? \ t‘echnology 2 O 1 7
> Rough y = > Elel(wkal power
GEM DIAMONDS o= f& - B Loy
exposed . liberate diamond

.gemdiamonds.com

The Lesotho Lesotho Promise LetSeng Star LetSeng Legacy Leseli La LetSeng
Legend 603 carats 550 carats 493 carats 478 carats
910 carats
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Measure Coal quality

« Carbon as a proxy for Calorific value
« Oxygen as a proxy for Moisture content

Must be on-line, real-time

4 Dec 2020 Simon Connell : Tastes of Nuclear Physics
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hHPGe_0011
- Entries 32768
- Mean 5101 5 —— Data
6000 - Std Dev 23.81 g 104 B Background
B © —— Fit Combined
- 10° ——— Fit Oxygen-15
5000 ——— Fit Carbon-11
B 102 B ——— Fit Potassium-38 and Iron-53
4000~ 2 Fit long
N 10 N
3000(— =
N =
2000 for
1000[ e
: 10—3 |_ 1 'I 1 1 I 14 1 1 I 1 1 1 1 ~f 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
_________ 0 100 200 300 400 500 600 700
%90 500 530 540 Time [minutes]
« Time differential detection of PET activity
» Each isotope has its own half life
« Elemental analysis by lifetime analysis
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POlPET - Element sensitve PET 1
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PolyPET sampler
3kg sample every 5 min

Activation
40 MeV electrons

Main supply belt Bremsstrahlung target

PET Scanner
5 min sampling
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« 40 x more efficient
* Lower dose, multiple scans
« Time variation (mili seconds) — PET Video
« Time variation (minutes) - Dynamics
Disruptive Medical Technology.
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1. Fundamental Research + Idea SORANIESRURG
2. Disclosure then Protection of IP with TTO
e 11 Patents related to MinPET

* Secrecy
Market Research

Economic Modelling Students Welcome

Business Case ] ]
https://panip.febe.uj.ac.za

Plant Integration

Benchmark Competitor Technologies
Fund Raising

Proto-type Development
Technology Readiness Levels

O o N U AEWDN

[EEY
©

Scale —up

=
N

Legal Issues (challenges to IP)
Various impediments (need grit)

[HEY
w

Discussion to levels of CEOs in companies
Venture capital

=
=

[HEY
o

Technology Partners
16. Customers
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/' For Nico, and all of you .... Thank You
The warriors of the Zulu Impi called out to the young men

Grow up to be yet braver than we !
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