N

N

M HvbBb Q7 ; KK @ v bT2+i" rBi? bT2+i H
S i AA, 2+ HB# iBQM 7Q  i?2 [m MiBi iBp
>S:2 K2 bm 2K2Mib
CB tBM sm- C0 -K2 "Q#BM- MM2 /2 oBbK2b Pii- *? B

J H7  Bi

hQ +Bi2 i?Bb p2 ' bBQM,

CB tBMsm-C0 -K2"Q#BM- MM2 /2 oBbK2b Pii- *?"BbiQT?2 "Q#BM- S n
TvbT2+i° rBi? bT2+i° HmMKBtBM;-S i AA, 2+ HB# iBQM7Q i?2[m
bm 2K2MibX TTHB2/ _ /B iBQM M/ AbQiQT2b- kykk- R3k- TTXRRyy3k:
B 'bM@y9ydkd8y

> G A/, BbM@y9ydkdS8y
?2iiTbh,ff? H@B bMX "+?Bp2b@Qmp2 i2bX7 fB bM/
am#KBii2/ QM R3 T  kykj

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X

Bbi'B#mi2/ mM/2  * 2 iBpRi*BEMOKIBRM @ LQM*QKK2'+B H @ LQ.2 Bp if
AMi2 M iBQM H GB+2Mb?2


https://hal-irsn.archives-ouvertes.fr/irsn-04072750
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Journal Pre-proof

- e
*E Applied Radiation and
Isotopes

Analysis of gamma-ray spectra with spectral unmixing, Part II:
Recalibration for the quantitative analysis of HPGe measurements

Jiaxin Xu, Jérdme Bobin, Anne de Vismes Ott, Christophe Bobin,
Paul Malfrait

PII1: S0969-8043(21)00472-3
DOI: https://doi.org/10.1016/j.apradiso.2021.110082
Reference: ARI 110082

To appear in:  Applied Radiation and Isotopes

Received date: 3 March 2021
Revised date: 20 December 2021
Accepted date : 22 December 2021

Please cite this article as: J. Xu, J. Bobin, A. de Vismes Ott et al., Analysis of gamma-ray spectra
with spectral unmixing, Part I1: Recalibration for the quantitative analysis of HPGe measurements.
Applied Radiation and Isotopes (2022), doi: https://doi.org/10.1016/j.apradiso.2021.110082.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the
addition of a cover page and metadata, and formatting for readability, but it is not yet the definitive
version of record. This version will undergo additional copyediting, typesetting and review before it
is published in its final form, but we are providing this version to give early visibility of the article.
Please note that, during the production process, errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Ltd.



REVISED Manuscript (text UNmarked) Click here to view linked References %

Analysis of gamma-ray spectra with spectral unmixing
- Part II: recalibration for the quantitative analysis of
HPGe measurements

Jiaxin Xu®, Jérome Bobin®, Anne de Vismes Ott**, Christophe Bobin®, Paul
Malfrait*

® Institut de Radioprotection et de Streté Nucléaire (IRSN), PSE-ENV, SAME, LMRE,
F-91400 Orsay, France
PIRFU, CEA, Université Paris-Saclay, F-91191 Gif-sur- Yvette, France
¢ Université Paris-Saclay, CEA, List, Laboratoire National Henri Becquerel (LNE-LNHB),
F-91120 Palaiseau, France

Abstract

In the context of radioactivity measurements, the quantitative analysis of a
gamma-ray spectrum depends on the analysis algorithm. To that end, we re-
cently introduced a Poisson statistics-based spectral unmixing approach. How-
ever, it also relies on a proper instrument recalibration as well as on an uncer-
tainty estimation, for which no solution has been proposed so far. The goal of
this article is twofold: i) we first present a novel method to correct for the in-
strument calibration of an HPGe detection system, which is tailored to spectral
unmixing algorithms, and ii) we apply this new approach to the quantitative
analysis of real data as well as on the evaluation of the uncertainty. Along with
the characteristic limits determination investigated, this paper introduces the
first full metrological analysis sequence of aerosol filter measurements based on
spectral unmixing, which allows to quantify both the radionuclides’ activities
and their associated uncertainties.
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1. Introduction

Gamma-ray spectrometry is a widely used technique for the determination
of radioactivity in some sample (e.g., aerosol, soil, water, etc.). The main chal-
lenge of gamma-ray spectrum analysis is the need for the rapid detection of
radionuclides, which requires more efficient activity estimation methods. In line
with this objective, the Poisson statistics-based spectral unmixing (Xu et al.,
2020) has been developed as a new gamma-ray spectrum analysis tool, which
allows providing a precise and sensitive activity estimation of radionuclides.

In order to achieve a truly metrological analysis with spectral unmixing, we
need two key ingredients: the first one is the determination of characteristic
limits with precise statistical analysis tools, which has been thoroughly inves-
tigated in Xu et al. (2021). The second ingredient, which is key to apply the
spectral unmixing to real data analysis, is instrument recalibration.

In contrast to standard peak-based methods, spectral unmixing considers the
full energy range of a measured gamma-ray spectrum. In the next, the spectrum
is assumed to be composed of M channels: x = [z;,...z)7]. The background
spectrum is denoted by b and the spectral signatures of radionuclides by ® =
[y, ...pp]. The mixing weights are defined by a = [a,...ay]. Each column of
P represents the spectral signature of a radionuclide and N is the number of

radionuclides. The underlying detection process leads to the following model:
x; ~ Poisson ([®al; + b;) (1)

As described in Xu et al. (2021), the activity estimation problem is equivalent
to the estimation of the mixing weights vector from an estimator that maximizes
the likelihood of the above Poisson distribution, which leads to minimizing the

following neg-log-likelihood:
a = argmin®a + b — x ©log(®a + b) (2)

where @ is the Hadamard product (i.e. the element-wise product).
Such Poisson-statistics based spectral unmixing has been shown to provide

a more accurate estimation of a than the peak-based spectrum analysis (Xu

































































































































