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Introduction
ML approach promising for what?

George E. P. Box (1919-2013) said...

“All models are wrong;
but some are useful”

As an example, he shown “gas state equation,” and
claimed “the equation is wrong for any real gas”.

In my opinion, experiment procedures or principles are based on physics,
we can use machine learning models in a lot of data analysis process.

ML model proposed in viewpoint from physics is also attractive.
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Introduction

Radiation metrology requires models!

can be analytically derive.

L e —— 1 Example: Cosmic-ray muon and
wopoomd T electron identification by means of AE-E
E I N - . -___ -:-.: - _ method/

REEE . | = This method is based on physics

ésn R L T ] l

B Mean function for muons and electrons
.‘g-

é}

1072

However, any model is okay for
U . e A separation, double gaussian fitting,
Deposit Energy in Top detector [MeV] AE Landau, and ML (classification)!!
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Introduction: Our history of ML application
1. Neutron spectrum unfolding of multiple-foils activation method
24Na: xxx Bq

%6Mn: xxx Bq M L
59Fe: xxx B ‘
57Niiz xxx Bq model

64Cu: xxx Bq

r

Induced activity DDTTNY

N

Neutron Energy /

Neutron Yield

2. Gamma-ray spectrometry
(" Gamma-ray spectrum Activity A

Ll 134Cs: xxx Bq
e 137Cs: xxx Bqg
8" - 80Co: xxx Bq

"1 ‘ ’ | | 152Ey: xxx Bq

°: 1300 154Eu: xxx Bg

\ Gamr%og-ray Ener1g%;m(keV) )
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Introduction: Our history of ML application

3. Measurement of terrestrial cosmic-ray muon
spectrum around low energy range

Full-Absorption Muon Energy Spectrometer+ (FAMES+)

Iron _ ~ Kinetic energy: yyy MeV
Absorber Deposit energy pattern is
dependent to particle type
Plastic and its energy.
Scintillators

Application of Japanese Patent
#5EE2019-160460 (Sep. 3, 2019)

Single event model B
deposit energies -
1st layer: xxx MeV
2nd Jayer: xxx MeV model A discard
3rd layer: xxx MeV (classification)

(20% of total events)
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Gamma-ray Spectrometry: Background

ERatnma-ray spectrometry by ML Fukushima Daiichi

O O Meteorological Nuclear Plant Accident
phenomena

é o6 o
é 6 o é o6 O
¢ & o Release to the air
Fallout Direct pollution ﬁ
of agricultural crops
_ 1]
Barn animal Distant = : Leakage to the sea
area
AbSOfption and diffusion to soil Leach into groundwater @ *
Huge number of samples must be measured, Accumulatioiicige
and in many cases, the sample has low activity. "SNNNNRNN

- To confirm “ND,” long measurement time is required.
Key is “automation “ and “rapidity.” ... ML has potential.
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Gamma-ray Spectrometry: Methods

B Conventional Method: Covell Method

Simple linear estimation method to subtract
background component under an interested photo peak
- implemented on all gamma-ray spectrometry software.

Nyet = Np — BN, — BrNg
By = (Lo+Ro—Ly —Ly)(Rg— Lo+ 1)
. (R, — R+ 1Ry +R, — L, — L,)
7 3 _(Ri+Ry—Lo—Ro)(Rg— Lo+ 1)
N

2 Y Ly —Ly+1)(Ry+ Ry — L, — Ly)

_I'/ Ry Ly R;
N, NP:E”" NL:Z"" NR:Z""
NR i:LO i:Lz i=R1
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Gamma-ray Spectrometry: Methods

B How can we reduce measurement time?

As long as using only photo peak, no method drastically improve
measurement time of Covell method.

RALELLLE Ll L If discarded events, i.e., Compton component,
- Ge detector efficiency - in Covell method can be taken into account,
i Fotal efficiency | 3 times faster measurement is possible (ideally).
0.01/\ —f ‘
) ok ficienes 1 UNFOLDING!!
=0 | A ] v" Once we achieved around 10 times faster

measurement of Nal(Tl) gamma-ray spectrometry
by the iterative unfolding method (awarded by

0001E 511 keV

- (annihilation)

Lo 1t

[ o urce-detecDe distances: 562 K Minister of the environment of Japan in 2015)
) f (P7Cs) v' Any codes are okay, but we have experience of
100 1000 successful unfolding by ML model.

Gamma-ray energy (keV)
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Gamma-ray Spectrometry: Methods

B Spectrum “shape” has information
— Convolutional Neural Network (CNN) is promising.

/\ Compton component ends

102
64
Photo peak = .., S11keV cu
¢ 10 24
69m
/‘ ETS ., SSZn+SNi / K
i Eﬁcu ESNi
g 101 NV e \,
Ak N |
= 1072 |
5 Doublet
S I
o 10-3 M| -l L.
104
0 500 1000 1500 2000

Energy [keV]
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Gamma-ray Spectrometry: Methods
R. Takahashi (M1 student) coded everything last year for his bachelor thesis

Activity prediction of 13’Cs including 134Cs and 4K
(randomvac’uwty for each nuclide, fixed measurement time 60s)

(=N 5] & = w

Q 2 :T_JI § 1 L_HY Tensorflow + keras
~— ()
L 0 5 L = to develop the ML model
el = ! n
~ 0 0 o | — - @ . .
N : ¥ \ Using GPU server machine
- O 2 .
3 T 3 Ef A1 1 B1 having 2 boards of
S o < . Convolution —Pooling Geforce RTX 3020
Q_'_)". 8 Q D 1 64 1 32 1
O = = :I__I_;/LL‘\ j__l'—';.j\
QO Q
O S
< S > > .
& Bt 4| |A2 | | B2 !
EJ" Pooling Convolutlon- Poollng

Loss: MSE
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Results and discussion: 3’Cs

[=2 Covell method [=2

o m
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True radioactivity (kBq) True radioactivity (kBq)
How to estimate the measurement time reduction factor, while we have only 60 sec. dataset.
2
n 0 n L] n n
Squared ratio of SDs: ( C"l) = ¢ gives sensible estimation;
o
CNN

as a measurement time multiplication factor.
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Results and discussion: 13’Cs activity

What does “c” express?

® By analyzing with Covell
method,

“c” times longer measurement

time is necessary to obtain the

same for the ML model.

® |Largerthan 1 forcis
expected and higher activity
range (~1.5), we achieved.
However lower range did
not...
— Cost (loss) function
trials has continued... At this
moment, we have flatter c.

)2
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Summary

B ML model of 1D CNN is promising for Gamma-ray spectrometry
to reduce measurement time

10°

Convolutional Neural
Network
v' may use also non-photo peak

events for higher activity
samples,

o
=
o

o©
=]
U1

o©
o
&

101!

may not directly count photo-
peak events, considering the
worse performance around lower
activity sample.

Deduced radioactivity (kBq)
(=]
o

10°

0.0085 i
.00 001 002 003 004 005 0.06
True radioactivity (kBq)




	Machine learning �    in radiation metrology
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18

