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Igh Flux Accelerator-Driven Neutron Facility

« Bought from Neutron Therapeutics

« Hyperion type linear accelerator,
up to 2.6 MeV protons at currents
> 30 mA

* Proton beam incident upon lithium
target, formed of 16 rotating water-
cooled petals

» Neutrons produced via ‘Li(p,n)’Be
reaction, mostly forwards focused.

e Flux >102ncm?st?
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Novel Medical Isotopes

« Many promising medical isotopes...
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* Conventionally produced in nuclear reactors (EU, Canada...)
* |s smaller scale, on-site production feasible?
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OpenMC
OpenMC Simulation #)Open

* OpenMC: neutral particle
transport code (MCNP) ol — Eo200me
» Created a custom starting 14 AN e
source term for simulations  '* L omey
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OpenMC Simulation

* 3D CAD of target and surroundings built in OpenMC

‘‘‘‘‘
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OpenMC Simulation

* 3D CAD of target and surroundings built in OpenMC

Target Vessel

e b
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OpenMC Simulation

* 3D CAD of target and surroundings built in OpenMC

°ding Target Vessel

Concret s

2 Boronated Polyethylene
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OpenMC Simulation

* 3D CAD of target and surroundings built in OpenMC
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OpenMC Simulations

Copper
B Water
B Graphite
‘ Titanium
e Simulating neutrons in this geometry... (X X > > @ Vacuum
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From XS-Plot.com (TENDL 2019 data)

15/8/2024 STFC Nuclear Physics Summer School 2024



OpenMC Simulations

Copper
B Water
B Graphite
‘ Titanium
e Simulating neutrons in this geometry... (X X > > @ Vacuum
1e6 (%
—— Ep = 2.00 MeV
I
8_
64 Macroscopic cross section of Ti (n,total)
o D .
[ E 101
” 2
] £
(O]
0 10
|
21 §
§10—1,
@
0 : , , , , ' =
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.00 0.05 0.10 0.15 0.20 0.25 0.30
Energy (MeV) Energy (MeV)

From XS-Plot.com (TENDL 2019 data)

15/8/2024 STFC Nuclear Physics Summer School 2024



Use Case: 16Ho Production

* Theragnostic isotope:
* Therapeutic 3
« 80.6 keV y for imaging (diagnostic)

» Currently used for treatment of liver
metastasis?

* No method of production in the UK

2Stella M et. Al. Cardiovasc Intervent Radiol. 2022 Nov;45(11):1634-1645
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Use Case: 16Ho Production

* Theragnostic isotope:
* Therapeutic 3
« 80.6 keV y for imaging (diagnostic)

» Currently used for treatment of liver
metastasis?

* No method of production in the UK

Experiment proposed by NNL and
completed as a collaboration between
NNL and UoB.

2Stella M et. Al. Cardiovasc Intervent Radiol. 2022 Nov;45(11):1634-1645
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Use Case: 16Ho Production

Direct Indirect Ho 166
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Use Case: 16Ho Production

Direct Indirect Ho 166
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Irradiation at HF-ADNeF

 Three irradiation conditions:

lell

—— Max E, = 200 keV, 3 hrs
—— Max E, = 400 keV, 6 hrs
—— Max E, = 800 keV, 3 hrs
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Gamma Spectroscopy

« Measured irradiated foils with HPGe
» Shielded from Pb X-rays with copper foils

« Geometric and self-attenuation correction of
folls calculated with Monte Carlo
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Experimental Results (Preliminary)

Dy Foil 200 keV 3 hour irradiation Dy Foil 400 keV 6 hour irradiation Dy Foil 800 keV 3 hour irradiation
—— Weighted Mean
-  Measured Ag
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Experimental Results (Preliminary)

Ho Foil 200 keV 3 hour irradiation Ho Foil 400 keV 6 hour irradiation Ho Foil 800 keV 3 hour irradiation
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Conclusion and Future Work

* Developed a computational framework for testing radioisotope
production at HF-ADNeF

« Experimentally produced *°*Ho and compared to simulation

* Aim to repeat experimental work with thin window HPGe

* Develop simulation to use OpenMC depletion module

« Simulate moderators and other additions for yield optimization
« Compare to other codes (Geant4, MCNP)

* Produce new iIsotopes!
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Background Impact

Affects Eu-152 efficiency measurement

122.06 keV
Location of peaks of interest !
80.6 keV  82.5 keV 94.7 keV ﬂ
74.97 keV Co-60 (Fe-57)
Lead X-rays Contaminant
84.7 keV
72.8 keV

136.47 keV

180 220 260 300 340
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Use Case: 16Ho Production

Dy 164

28.260

c 1610 + 1040

15/8/2024

Ho 166 * Initial chemical separation
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