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Microcalorimeters

Micro-calorimeters:

* Measure micro-heat produced by radiation absorption using quantum sensors
* Excellent energy resolution (order of 10 eV) for 100 keV gamma-rays

e Technical Readiness Level 7-8, user facility deployable
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Microcalorimeters for Gamma-ray Non-Destructive Assay

Hoover et. al., IEEE Trans. Nuc. Sci. 60 (2013)

Kim et al., J Rad Nucl Chem 318:803-808 (2018)
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e Key application: High-resolution gamma spectroscopy for actinide
‘ composition analysis.
* TES microcalorimeters are planned to be deployed for nuclear
safeguards and material accounting
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INL TES Gamma Spectrometer

Detector array: 96 microcalorimeters

Bias resistors and inductors

SQUIDs and pwave resonators for readout
Microwave signals

DC signals and protection diodes
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Accuracy: What Can Microcalorimeters Achieve?

= Dominant systematic uncertainties: Nuclear data (y Branching Ratios)

>1% for known gamma lines Often >10% uncertainties for newly resolved gamma lines
S U-233 Spectrum -
BRs 0.82 - 1.24 o —— **U " Line in ENSDF
o .
Half Life 0.13-0.19 = 103l Ge Doesn’t exist
Line Energies 002-0.15 0.18-3.1 *"-'5"
X-Ray Linewidths 0.01-0.65 0.16-0.97 S
Example 1) Uncertainty budget in TES-based
1 ! | |
Pu Assay (Hoover et al 2014) | 19465 TG 570 475
o Energy [keV]
Reduced uncertainties by o _
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MiND-2023 (Microcalorimetry and Nuclear Data) Workshop

" MiND Workshop
June 27-28, 2023

Sponsored by DOE NNSA
Office of Internatlonal Nuclear Safeguards (NA-241)

Goal: Prioritize nuclear data needs and discuss roadmap for improving data
Participants: Microcalorimeter experts and users, Nuclear data evaluators and managers, NA-241. (Six US
national labs, NIST, NASA GSFC, NNSA, IAEA, and CEA France)

‘ Lawrence Livermore National Laboratory

NS

Mational Nuclear Security Adminis

6



Workshop Outcome

= |dentified nuclear data priorities.
— Key needs include improved U, Pu, Am, and Np gamma-ray data in the 50-250 keV energy
range to support current and emerging microcalorimetry capabilities.

= Planned nuclear data Improvement campaign.
— Nuclear data evaluators, microcalorimetry experts, microcalorimeter users
— Round-robin Measurement Campaign between LLNL, LBNL, PNNL, INL, LANL
(Funded by NP and NA-241)

Nuclear Data Needs for Microcalorimetry and Non-destructive Assay

. .
P rOJ ect p Ia n Geon-Bo Kim!'*, Begona Aranguren-Barrado?, Shamsuzzoha Basunia®*, Daniel Becker’S, Lee
— Eva I uate existin g data Bemstein®*, Mark Croce’, Joel Ullom™5, Andrew Voyles*®

— 169Yb and 233U production for calibration A summary paper at the INMM 2024 proceeding

— Round-robin measurement campaign
— Integrate and publish results.
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Data Needs Example: 234Th 92 keV for U Enrichment Measurement
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BR uncertainties (10%) limits the 23°U/%38U analysis

precision in microcal analysis.
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Example: Direct Quantification of 238U

Microcalorimeters might be able to quantify 233U with 49.46 keV gamma line,

which is 90+116 eV apart from the 23%U line. Erom NuDat 3.0
4 _ .
10 {Labels indicate parent nuclei of decays | 238y m Energy [keV] [
f 90 eV + 116 eV 238 49.55(6) 0.064(8)
«—> i
103- sy | w 236y  49.46(10) 0.078(12)
) 1 HPGe (Data [
] W 232 57.78(5) 0.1999(18)
S $13% = 234 53.20(2) 0.1230(20)
102 ] 236 uncertajnty +20% s
1 Microcal (Geant4) ? ?I I Jncertainty J >1.21(5) 0.034(7)
: "\ v 235 54.25(5) 0.015(15)
1 . . ; ; : : 238
10 e s =0 = " = U 113.50(10) 0.0102(15)

Energy [keV]

* This will be the first-ever direct quantification of 238U by gamma-spectroscopy
« 238y interference could be resolved by microcalorimeters (unknown)
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Status of y ray emission probability (Py) data

= Py data from the literature and databases have been investigated for MiND

0 0.0 4468x10°y 3
<» New measurements are needed for Py of Qu=4269729 | cocio0
238 236 235 234 239 & 2(;38U]46
2 U, #3°U, 2°°U, #3%Th, and +*°Pu N
. : o / Ea« la  HE

% Py data are in good standing for g % 163.0 4038 0078 40
- 238PU, 240PU, 241PU, and 237U 3:7

2 & 49.55/ 037ns3 4151 209 14

0! 0.0 4198  79.0 1.0
= 169y} calibration source for Microcalorimeter 2T,
% 169Yh was produced at the 88-Inch cyclotron Fig. 1: Decay scheme of ***U

= Deuteron beam, E=25 MeV, on Tm target

= Based on 2024 LLNL feedback on low specific activity, UCB/LBNL fabricated a new solid target holder
to improve production

= Production of 169Yb activity per gram increased by nearly a factor of 22
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LLNL 238U/233U Measurements
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Experiments have been conducted with combinations of
e Source: 238 238J4+169yp 233|) 233)4+169yh

* Detector: HPGe, MMC

To improve 233U data as a new microcal calibration standard

To improve 238U data (49 keV, 92 keV, 113 keV) using 233U
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Los Alamos measurements with SOFIA

SOFIA: Spectrometer Optimized for Facility Integrated Applications

e 256 gamma-ray pixel microcalorimeter array

e LANL will perform plutonium measurements for the nuclear
data project

 Removed lead shielding which was making an interfering
peak around 49.5 keV

No lead, 2025
With lead shielding, 2021

5 %

50
Energy (keV)

Figure 1-2: 49.55 keV peak shown in spectra of NBS071-107 (natural uranium) taken with (black) and
without (blue) lead shielding. Interference from lead x-ray escape peak is removed in the later spectrum.

Moving SOFIA from ORNL to LANL in a box truck
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PNNL - Alpha-Gamma Coincidence

— Absolute branching ratio measurement with alpha-gamma coincidence

e
¢

g

i e Support co-measurement of sources via
' microcalorimetry
e Source measurements:
e ~21 ugof 99.9998% pure U238
* Preliminary measurements with
traditional DU
 Measure dissolved sources via alpha-
gamma coincidence
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Summary

= Microcalorimeters with Technical Readiness Level (7-8) are now available for users.

Ultimate accuracy of microcalorimetry is predominantly limited by gamma and X-ray
branching ratios (>1%).

New analysis capabilities are identified with microcalorimeters; however, this is limited by
large BR uncertainties (>10%).

Multi-institutional collaboration effort is improving U and Pu gamma data.
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