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INTRODUCTION

> General context :

I. Introduction

« Research & Development program to fight against CBRN-E threats (Chemical, Biological, Radiological, Nuclear and
Explosives)

1. Approach
« Focus on the development of technologies for civil zones monitoring (stadium, airports, train stations...)

Tense Geopolitical context : Press paper October 27, 2022 Example of classical Nal based radiation monitor

1ll. Proof-of-
CoucsRipene @he Washington Post

U.N. looks to ‘cool’ fears of dirty bomb
with visit to Ukraine

IV.
Performances

> Objectives :

V. Conclusion

&Prospects  « Development of a new generation of Radiation Portal Monitors (RPM) able to detect, identify and discriminai:
radioactive and nuclear threats IS
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I. Introduction

1. Approach

1ll. Proof-of-
concept setup

IV.
Performances

V. Conclusion
& Prospects

INTRODUCTION
> Background developments :

« CEA List know-how in the development of plastic scintillators based Radiation Portal Monitors (RPM)

- Know-how and experience in the synthesis of organic scintillators for neutron/gamma discrimination

Example of plastic scintillator based RPM Example of a 1.70 wt% °Li loaded lab. synthesized Plastic Scintillator : 15 mm height, 30 mm diam.

C. Frangville, M. Hamel, et. al, “Large solubility of lithium carboxylates reaching high rates of 6Li

results," 2015 4th International Conference on Advancements in Nuclear incorporation in polystyrene based plastic scintillators for fast/thermal neutron and gamma roy

Instrumentation Measurement Methods and their Applications detection”, Mater. Chem. Front.,2019, 3, 1626

(ANIMMA), 2015, pp. 1-4 (IS
b Y

G. Sannie et al., "Scintilla European project, the successful research
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1. Approach

1ll. Proof-of-
concept setup

IV.
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> Lithium-doped NalL™:

Kan Yang et. al (2017)

« high Z molecules (Na,|,Tl) and density close to ~3,7 g.cm™3
m) Gamma spectrometry possible

« 5Li concentration up to 8-9 %

- Sensibility to thermal neutrons : ®Li(n,,,a)t

COMBINED USE OF INORGANIC LITHIUM-DOPED NAIL™ & PLASTIC ORGANIC SCINTILLATORS

> Plastic Scintillators :

Eljen Technologies Inc.
——ET e,

-

- Low Z molecules (C,H) and density close to ~ 1 g.cm3

m) Neutron thermalization properties

« Fast light response ~ 100 ns

« Neutron and gamma rays sensibility

Approach : Plastic scintillators signal confirms the presence of a NR threat (Go/No go), identification by means cfa
gamma ray spectrometry, enhance the neutron sensitivity in the NalL™ if N threat presence

\ )
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THE CISLAB FACILITY AND ASSOCIATED EQUIPMENT

I. Introduction

Zoomed-in

Front View
1. Approach

1ll. Proof-of-
concept setup

IV.
Performances

- Two NalL™ inorganic scintillators of 5 x 10 x 20 cm?3 dimensions and three EJ-200° plastic scintillators of 10 cm3

- Irradiations sources for the simulation of a radiological environment : 1>2Eu, ®°Co,37Cs, %8Ge,?>2Cf

V. Conclusion
& Prospects

« CAEN DT5730SB 8 channels digitizer with a sampling @500Mhz | Canberra and ORTEC High Voltage modul s
u \‘
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ELECTRONICS, ACQUISITION AND SIGNAL ANALYSIS

> Main parameters :

I. Introduction

HV for the NalL™ at +1kV | HV rounding -1.8 kV for the EJ-200° scintillators

Signal acquisition : Channels 0 & 6 for both NalL™ | Channels 2,3,4 for the EJ-200°® scintillators

1. Approach

Optimisation of Q ../ Q. integration parameters for n/y discrimination for Ch. 0 & 6

1ll. Proof-of-

concept setup
100 _— 1000
wl O w0 "
- F @
o = Max. signal < :
.&\ B . o 600 10
Iv. = &l _difference for O
Performances — - sample 475 —— Neutrons - ,
: - 3 400 — 10?
S — Gammas =
= = g" 200
U L 2 10
20 _— of
| 1
v. ConCIus'on 0 B ! ! ! | Il Il I 1 1 1 | 1 1 1 | 1 1 1 I 1 1 Sample
& Prospects 0 200 40¢75 smp. ] 600 800 1000 . 475 smp.
Sample
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NEUTRON GAMMA DISCRIMINATION

I. Introduction _— Timestamp = 3115414124 o
o= HGD=um)| bsp L Qi _| Quang=QShort
U)(V)‘l‘(x)(l’l) QLong QLong
800 4
0.8 1
0.8 4
1. Approach
600 1
0.6 , | 0.6
g
3 2 o gamma signal
2 2 £
Il. Proof-of- g o
concept setup oA ' 0.4 | |
neutron signal
200 1
0.2 A
0.2 1
V.
Performances 7
0.0
6 2(|)0 460 660 860 lOIOO 0.0 0.’2 0:4 0.’6 0:8 1.0 oo o] 2'0 4‘0 5‘0 8‘0 160 12‘0 1“‘&0 160
Sample PSD Qiong(x103)

v conclusion . ©  Figure of Merit of 4.37 (> 3.89 from Lai Caifeng, et.al (2020)) and accurate neutron/gamma discrimination
& Prospects capabilities by means of Pulse Shape Discrimination

L\
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EXPERIMENTAL SETUP CHARACTERIZATION

> NalL™:

1600

1. Introduction NalL™ energy calibration and linear fits

1400
1200

1000
1. Approach

Energy [keV]
2]
[w]
(=]

600
200 e Nall1 y=1,1433x 15,151
1ll. Proof-of-
concept setup oo B NalL2 y=1,0813x-18,59
0
2,000E+02 4,000E+02 6,000E+02 8,000E+02 1,000E+03 1,200E+03 1,400E+03

Channel

V.

performances  * Classical approach by means of Gaussian fits in the Rol

« Energy resolution at 661.7 keV :

Slightly higher than Classical

Na”_TM n°l: 9.26 % Nal:Tl

V. Conclusion »

& P, t ™ o).
1ospees Nall™ n°2: 9.14 % y identification possible

Commissariat a I'énergie atomique et aux énergies alternatives

> EJ-200° :

1150
EJ-200 energy calibration and linear fits
1050
950
850
_f:: 750
&
g 650
w
550
©E-2001 y=2,0992x+ 30,125
450 B EI2002 y=2,095x+ 20,838
o0 +FJ-2003 y=1,8361x+ 39,191
250
5,00E+01 1,50E+02 2,50E+02 3,50E+02 4,50E+02 5,50E+02
Channel

Siciliano et. al (2008) approach :

Counts
3

Entries 1157008

Mean 232.8
/ E FC Exp Std Dev 1937
r
\ E
E

— _FC Exp

FC_theory™ 0.895

L

=3

D\W Crmn

N —

Channels

1 I I 1
500 1000

E

E h — - Y
FC_Theory (1+ %)

Energy ch2 can

‘\‘
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PLASTIC SCINTILLATORS ENERGY RESPONSE

« Sources activities on the day of

3!
I Introduction 3 measurements :
© — PVT n1 + background
— PVTnl + *Ge
10° [} —— PVTnl+'7Cs Ag, .15, : 325.03 kBq
— PVTnl+%Co
- —— PVTn1+ Eu A : 289.83 kB
Il. Approach 02 __ PVT ni + 2°Cf Co-60 q
- Acc 137+ 396.39 kBq
- Ao, : 168.52 kBq
10 =—
1ll. Proof-of- E
concept setup - MMWH' » Acquisition time fixed to 5 min
1 =— ” i“IJ i
= Simulant placed at a 40 cm
v o B distance from the setup
Perfornf;ances E |
1000 2000 3000 4000 5000 6000
Energy [keV]

v conclusion . © 30/N0 go information thanks to the over-signal from the energy deposit on the PVT with respect to the passive
& Prospects background measurement

NS
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NAIL™ AND GAMMA EMITTERS IDENTIFICATION

« Sources activities on the day of

. measurements :
I. Introduction m _

§ —— background

3 ) - ‘ e Ac.1s, : 325.03 kBq

101 % — " Cs
1. Approach = o 0
152
- — TEu Ac137 : 396.39 kBq

10° =
1. P -0f- E e ey . . 3
concer:ffe:{,p N « Acquisition time fixed to 5 min
10 - Simulant placed at a 40 cm
n distance from the setup
Iv. |l
Performances | "

| lh |

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Energy [keV]

V. Conclusion

&Prospects . piscrimination of the main radiological threats possible and identification by means of gamma-ray spectrcadétiv

R | \"
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NAIL™ AND NEUTRON EMITTERS IDENTIFICATION

° i PSD_ch0_keV o 1 PSD_ch0_keV o 1 i PSD_ch0_keV
= Entries 115883 = £ . | Entries 1038811 = £ ) Entries 569868
I'.(‘Eul BaCkground Mean x 6145 EI 0.9 E Cf-252 Mean x 7178 E‘tul 0.9 ; CS-137 o . Mean x 535.9
L. Introduction a Meany  0.2613 o F . Meany  0.2473 o F . Meany  0.2495
o StdDevx 4963 2 sk |stdpevx 635 2 sk StdDevx 284.9
Std Devy 0.08681 i F | std Devy 0.03281 o “E Std Dev y 0.03192
0.7:— 220 0.7:— 260
200 06F jgg 06
F E —200
0.5F —1160 0.5
—{150 F {140 E
0.4 0.4 —
= —120 F 150
- 0.3 —100 0.3 .
1. Approach 100 e e oo
0.2 0.2
—60
F ‘ o . i —| —150
AE 0.1 o : 40 0.1 -
£ : 20
0I‘I\Il\llllll\l‘\l\\l\\Illll\Il\\l\ll\llllll\ll-u 0 ']\ll\ll‘llllll\l\‘I\\I‘\IIIlI\II‘\I\Il\IIIlI-G DI|-II‘II\.Il\II\llllllll\\l\\l\‘Illll\ll\‘l\ll‘l-o
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
Energie (keV) Energie (keV) Energie (keV)
1ll. Proof-of-
T T . FSD _ch0_kev 61— PSD_ch0_keV o 1 PSD_ch0_keV
= Entries 878508 = F Entries 871017 = E . | Entries 1155133
l:(‘x:tlI Mean x 788.2 EI 0 BI_EU-152 . . Mean x 606.6 I:C‘E“I 0 ga Cf-252 fOl‘ the Na"—TM Connn T Mean x 715.1
a Meany  0.2492 a g’ T s Meany  0.2493 a TE L : PR Meany  0.2479
¢ StdDevx  417.7 P StdDevx  393.1 g osb setup StdDevx 6865
Std Devy 003173 | E Std Dev y 0.03499 TE Std Devy 0.0394
F 250 07E
160 E E
140 ;_ 200 9'6;_
—{120 F 0.5
Iv. E E
100 —150 0.4 E
Performances 5 |
—{100 03%
P S [ 1, |
0.2
o e 50 S
: _ g 0.1 S :
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 500 1000 1500 2000 2500 3000 3500 4000 4500 500 1000 1500 2000 2500 3000 3500 4000 4500
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V. Conclusion

&Prospects . Djscrimination between radiological and nuclear threats thanks to the FoM of 4.37
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NEUTRON SIGNATURE INCREASE BY THE COMBINED USED OF NAIL™ wWITH PLASTIC SCINTILLATORS

> Nall™: | > NalL™ /EJ-200:
I. Introduction [ ‘ \
1. Approach
Cf-252 source of 18 705 n.s!
neutron emission
Acquisition time fixed to 5 min
Ill. Proof-of- .
conceptsfet{lp e 16 Extraction of the useful neutron g 'f
3] - F
= nof y signal in the Ellipsoid Rol g 09 "
£ 08F B b8E
07E " , , 07E 8
g i X—Xp) =¥~ _ E
0.6 ;— (Xmax_XO )2 (Ymax_YO )2 0.6 ;_ g
IV. 0.5;— —8 _ 0.52—
Performances 04F 11616 s Xo = 2850 0.4F 17 543 ,
03F neutron : neutron
: — X =3200 0.3
0.2 counts p— ) i e 0 2:_ counts
0.15— = 2 Yo=0.16 : i
: . 0.1 .
GDIIl:jélolII1‘0|O(I)II1‘5|0(I)II2‘0!:)6II2‘5|0(‘)H3I'0|0(I)H3IS|O(I)H4‘O|OO 0 ymax=0'185 G:||||||||||||\||||||‘||||||||||||||‘||||| 0
Channels L 0 500 1000 1500 2000 2500 3000 3500 4000

Channels
V. Conclusion

& Prospects
- Signal increase of 51.02 % in the neutron Rol validating the use of combined NalL™ with Plastic Scmtlllatorsﬁ -
b Y
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CONCLUSION AND PROSPECTS

» Conclusion:

I. Introduction

Optimization of the signal acquisition parameters to reach a FoM of 4.37

Proof-of-concept experimental setup characterization and radiological/nuclear simulants detection and

1. Approach . e . . . o .
discrimination by means of gamma ray-spectrometry and Pulse Shape Discrimination (PSD)

Validation of the use of combined NalL™ with plastic scintillators to increase the neutron signal from 51.02 %
1ll. Proof-of-

concept setup
> Prospects:
o « Study of additional signal information by the use of coupled detectors
Performances

Performance assessment in terms of signal sensitivity with respect to international regulations

Optimization and sizing of a combined NalL™/Plastic Scintillator based RPM by means of Monte Carlo modeling

V. Conclusion
& Prospects

NS
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