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Neutron Production of Radioisotopes

Why Neutrons?

« Alternative production routes for isotopes compared to charged-particle
reactions

* No Coulomb barrier to overcome (no charge)

* Neutrons come free from proton-induced reactions on a production target
« Constant flux from proton-irradiated target stack upstream

 Large flux of fast neutrons >14 MeV unavailable at reactors

Challenges?

* Energy Is a spectrum, not a (quasi-) monoenergetic beam
« Emitted from targets in an angular distribution
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FLUKA Simulation
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Strategy

Work at LANL (Engle/Mosby)* as a guide to initial irradiations
1. Irradiation of target stack

2. Quantification of activities (flux monitors, medical isotopes)

3. Calculation of neutron flux using nuclear data

*NIM A, Volume 754, 1 August 2014, Pages 71-82

I - *NIM B, Volume 381, 15 August 2016, Pages 29-33
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Irradiation Campaigns

Energy | Current

June 2700 Ti. Co, Bi Evaluation of producing select radionuclides in
2021 the n-slot

February 200 300 Ni. Bi Determining inhomogeneity in quadrants of the
2022 n-slot
June 200 75 Al Co. Ni. Zn. Y, Au, Bi Cal_culatlc_)n of neutron spectrum using
2022 radionuclides produced over full energy range

Experimental Procedure

1. Irradiation of foils at BLIP using neutrons behind a target array
2. Measurement of gamma rays from radionuclide decay

3. Data analysis for determination of activities/production rates
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Irradiation,
Measurement,
& Analysis
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Irradiation of Foils — June 2021

. e BI, Co, Ti foils chosen for
E‘" \‘" irradiation
o -\ ‘\lu * 25 mm X 25 mm, 0.25 mm
thick

« 23 hour proton irradiation at
116 YA, 117 MeV, rastered
beam

« Time maximizes production of
Isotopes to 200 mCi control
limit which includes short-lived
Isotopes (minute half-lives)

 Foils counted at BLIP after
cooling period
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Produced radioisotopes (EOB)

Bi Foil
205B;j 15.31 0.29 £ 0.03 mCi
206 6.24 1.03 = 0.08 mCi
207B;j 1.15x10% 1.27 £ 0.05 pCi
Co Foil
%6Co 77.24 14.49 £ 0.72 pCi
5Co 271.74 32.45 + 0.83 pCi
%8Co 70.86 0.38 £ 0.01 mCi
60Co 1925.28 0.33 £ 0.01 mCi
9Fe 44.495 44.81 £+ 18.13 pCi
Ti Foil
46Sc 83.79 46.98 + 1.61 uCi
47Sc 3.35 1.39 + 0.10 mCi
48Sc 1.82 0.69 + 0.03 mCi
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Cross Sections for Monitor Isotopes

Co Monitor Products Bi Monitor Products
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Neutron Spectrum Calculation

R =] N x g(E) x ®(E)
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Discrete energy points for cross section
Cross sections from TENDL

Monte Carlo variation of ¢(E)
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Results of MC Calculation e 1o p oy data
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Irradiation — June 2022

« 7 elements (natural abundance)

« 3 planes of foils
1. 4 Bi for tracking flux distribution
2. Al, Ni, Zn
3. Co, Y, Au

« Proton irradiation of thorium target array
« 200 MeV
« 150 pA
« 30 minutes
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Co Monitor Products

Bi Monitor Products
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Al Monitor Products Au Monitor Products

Ni Monitor Products
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New Products

Radionuclide ty, (days)

Zn Foil
64Cu 0.5 449.13 £ 3.45 uCi
67Cu 2.6 12.62 + 0.04 uCi
Y Foil
8oy 0.6 77.20 £ 0.14 uCi
88y 106.6 2.03 + 0.01 pCi
Au Foll
194AU 1.6 163.61 + 1.24 uCi
196Au 6.2 68.69 + 0.34 uCi
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Quadrant Variation

0.28
1 =¥ Quadrantl == Quadrant? == Quadrant3 == Quadrant 4
¥
o -
= .
E 0.27 ] T
D 0-26- -_-‘--'- -.._'_-_- ; ...i"'-. = =
s 4 — == ~
o - e - - ~
L n T e o o e -y —
— J > T
S 025 1 .
= . T -~
- 024 - 'S i By N |
i i d
e
st ]
£ 0234
L T 1 T T T 1 T T T | L T T | 1Ll T T L | T T
L N L "\ 5
AD e o) 2 2%
S o S & $

k:.‘ Brookhaven
Hionat Lanomeary Michael Skulski | RaDIATE Collaboration Meeting 2023 | June 27, 2023




Results
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Radionuclide Production

Activity at Saturation
Ener Current ol EOB Rate
Date 9y Time (UCi) (UCi/A/g)
(MeV) (h)
B
June 2021 117 116 23 1.39x10%  44.81 94.77 18.62
June 2022 200 150 0.5 0.77 28.76

47Sc produced from Ti foil, >°Fe produced from Co foil
*co-production of 48Sc is a challenge to radionuclidic purity
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Spectrum Adjustment

— FLUKA
— Adjusted
103 -
c
o
+—
o
=
£ 10!+
~
£
v
°
= 101
=
£
x
=
L 10—3_
-
o
=
fra]
=3
8]
= 10—5_

10? 1077 107> 1073 1071 101
Energy (MeV)

@ Brookhaven

Ratio Flux (Adjusted/FLUKA)

1.08
1.06
1.04
1.02
1.00
0.98
0.96

0.94 1

0.92 1

— FLUKA

4 —— Adjusted

ey WVA\——’ W/

10? 107 1073 103 1071
Energy (MeV)

Hionat Lanomeary Michael Skulski | RaDIATE Collaboration Meeting 2023 | June 27, 2023

10!




Summary

 Neutrons provide a way of producing additional radioisotopes that may be accessible
through other means, and are already being generated at BLIP

« The initial tests for mapping the neutron spectrum from BLIP has gone successfully, and
the irradiation this past June will help solidify the neutron flux behind BLIP for newer
target arrays

*  Production of medical isotopes such as 4/Sc, >°Fe has been demonstrated, and future
medical isotopes will be explored in this manner using natural or enriched targets
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