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Medium-Energy Radionuclide Production
Context at LANL IPF
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Medium-Energy Radionuclide Production
Context at LANL IPF
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Radionuclides of Interest at LANL

Red for those with nuclear data being actively or recently pursued.

Isotope Half-life Main Use
828r 25.5d | Parent of 82Rb used in cardiac perfusion studies with PET
68Ge 270d | Parent of ¢8Ga being tested for diverse PET applications
22Na 26a PET isotope used as a tracer and sources material
328 153 a | Environmental tracer; produced in partnership w/ TRIUMF
BAs 80.3d | Tracer for toxicology studies
109Cd 462.6 d | Source for X-ray fluorescence
225Ac 10d Alpha emitter used in cancer therapy clinical trials
1869Re 90.6 h | Bone pain palliation, cancer therapy
44Tj 58.9 a | Generator for PET isotope 44Sc
236Np 1.5 10° a | Standard for Np quantification by IDMS
1198b 38.5 h | Auger emitter for cancer therapy
A
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Summary

* Nuclear Excitation Functions — Targeted measurements in the context of
global isotope/data needs and existing production facilities
= Needed to predict Yield and Impurities and to guide Target Design
= Needed to resolve discrepancies
= Useful for V&V of codes and nuclear models

* The necessary quality and breadth of capabilities

=  Accuracy in Standard Foil Stack Activation experiments
- Energy and distribution, intensity... Analyzing magnets, Faraday cups
-  Target characterization
Target preparation and pre/post-irradiation characterization
Signal attribution due to overlapping gammas

=  Charged and neutral particles

* Nuclear Decay Data
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Cross section [mb]

To Predict Yields and Impurities

232Th(p,X)225AC
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To Predict Yields and Impurities
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To Predict Yields and Impurities
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To Guide Target Design

Example: 7°As(p,4n)’2Se, "Br(p,x)’2Se

natBr(p,X)nSe
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Cross Section (barns)

New Measurements are Also Needed to

Resolve Discrepancies

natSb(p’X)HQng

natSb(p’X)ﬂQme
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Data as a Standard for V&V of Nuclear Codes

- Titarenko et al., 2003
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Data as a Standard for V&V of Nuclear Codes

Assumed accuracy in code predictions for charged

particle-induced reactions:
* Magnitude: Factors of 1-5
e Structure: Within 10 MeV

A
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The Standard Stacked Foil Activation Method

1. Activation of well-characterized thin Side View
200, 100 MeV Beam
samples
2. Quantification of produced radioactive
residuals
3. Calculation of reaction probability - X
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The Standard Stacked Foil Activation Method

* Driving, Reported Uncertainties at Present:
— Incident particle flux during measurement: 4-12%
— HPGe Assay: 3-5% efficiency calibration. 1-3% peak fitting.
— Characterization of atomic density of irradiated sample: 1-?%
(challenging when not using metallic foils)

— Peak deconvolution / Radionuclide identification: a problematic,
systematic source of misattribution error

Combined Uncertainty is generally >6%.
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Particle Intensity

* Commonly tracked with monitor reactions, which lend their

own uncertainty

27Al(p,x)24Na
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A solution: Faraday Cups

* Of course they have their own challenges:
— secondary electron suppression,
— target electrical insulation,
— particle and flux dependences are not
always simple
* Alternative real-time, verifiable particle
flux monitors
— Offline-Faraday Cup calibrated SEEM or LEM
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Primary Beam Energy

* Energy degradation has a limited effective range,
Commonly “verified” by monitor foils giving reactions with known

thresholds (indirect measurement),

— or calculated by established codes (computational)
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Tunable Beam Energies, Analyzing Magnets
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Target Characterization

°* Some measurements are avoided because of the
challenge of characterizing targets (e.g.,’?Se)
— We need better ways to prepare them and measured mg/cm?

— - ?
e.g.. XRF" SbK, CuK,

~ 3y N

+ K, map shows very low intensity al
Intensity decreases by a factor of ~2 in the green region relative to the blue
« The unexpected presence of Cu lines reveals estimated 40-50% contamination

I aroun the edg of the oiI

from Cu
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Residual Quantification

* At higher energies, or for more massive target nuclei,
spectral analysis is challenging

Example Spectrum of 800 MeV p + Th-232 ——
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Identification and Quantification of Residuals
by Gamma-Ray Spectrometry
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What is possible

AU, "7sb, '2Te, "1, #°Ac, and ''"™Sn Decay Curves
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Neutral Particles

* Neutrons (the very fast ones)

* Also for gammas
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neutron lethargy flux (n.cm2s ")

Data to Buttress Capability Development at
New Facilities
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Spallation Neutrons Energy Spectra I
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(10+)

Nuclear Decay Data — An example
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Thank you for your attention
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Related initiatives
Engagement in IAEA data evaluation efforts

* Cross section measurement effort gained @ IAEA ey | Docame
national and international attention INDC International Nuclear Data Committee

* Invited to participate in an IAEA Consultants’

Summary Report

Meetlng |n 2011 First Research Coordination Meeting on
* Follow-up invitation to participate in a 3 year N DA edicat Tsotope Producton
IAEA Coordinated Research Project starting in s s
2012 (11 countries represented) P
Prepared by
* First of three Research Coordination Meetings L et
occurred in Dec 2012 S
* Summary Report published in February 2013 Yo Do S
February 2013
/\ IAEA Nuclear Data Section, Vi International Centre, A-1400 Vienna, Austria
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