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VISUALIZRADIOACTIVITY
RADIATION IMAGING PRINCIPLE
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VISUALIZE RADIOACTIVITY
X  HALUENGEORNUMEROU®\PPLICATIONS

Operational Radiation Dismantling & Nuclear waste
Protection decommissioning management

Accidental situations Homeland Security Border monitoring
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VISUALIZE RADIOACTIVITY
X HEOBJECTIMBFGAMMA IMAGING
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A Superimpositionof aradiation imageonto a visibleimage
A Remote visualizatiorof hot spots

A Information onintensity / dose rate
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FROMCARTOGAMOGAMPIX

OVER 30 YEARS OF EXPERTISE
ON IMAGERS @CEA
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CARTOGAM
THEHRSTGAMMA CAMERA

CARTOGAM

A Pinholecollimator
A Scintillator
A CCD Camera
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Scintillator
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GAMPIX / IPIX
THEBREAKTHROUGHPIXELATESC BTECTORS

Coded Mask

\

Multi -pinhole collimator
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Improvedsensitivity/
Improvedangular
resolution

electronics chip single pixel

read-out cell

/

256 x 256pixels(55 pum)

1.4 x 1.4 cm? active zone

\1 mmthick CdTesensor

Visible camera

USB Interface

MIRION

TECHNOLOGIES

IEAP CTU in Prague
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TIMEPIX &SPECTREAMAGING MIRION
ADDITIONDFSPECTROSCORIBORMATIOMIA TOT MODE TECHNOLOGIES

241Am (60 keV) 133Ba(81 keV)

400 500 600

ToT value

# Capability to discriminate sources by — o + © +
energy in the same field of view

Hermine Lemaire; 2015¢ Development othird generationgammaimager
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DEPLOYMENTFORRADIOLOGICAL AND SECURITYPPLICATIONS
SOMEEXAMPLES

Radiation Protection Applications Homeland Security Applications

equipmentsdiagnosis {k
(ToreSuprag WESK W
Tokamak)
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INSTITUT DE RADIOPROTECTION TECHNOLOGIES
ET DE SURETE NUCLEAIRE
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PUSHING COMPACTNESS
TO THE LIMITS
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FROMGAMPIX /IPIX TO NANOPIX
A FORMFACTOHRPROBLEM

ORANO La Hague
Fuelprocessinglant

Hot cellsfor fuelrods
(re)processing
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Needsfor the developmentof a

Instrumentation miniaturizedgamma camera
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NANOPIX 2
A MINIATURIZEGAMMA IMAGER orano 'EE'
A Miniaturization of detector meptedetctor b o

USB command and control CdTe sensor + wire-bonding
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NanotYux

ThHe ssanattent and Warvuests
QamEnma cameaera o Yae s o\




NANOPIX oAy %
m TIME TO MAKEIT SUART& AUTOMATED orano - cUroPs A /

zd E - IEAP CTU in Prague

a IN;EEE@(\Z/IINS(ISOANNN /" AUTOMATION "\

Integrationof
nanomotorfor remote
intelligence control
/~ CONNEXION AND "\ ACQUISITION AND "\
POWER SUPPLY ‘_;TREATMENT
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o Improvement of
Improvemenbf software for embedded
connexioniPob / \ application
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SMART -NANOPIX

100x70x55 Mm?3
450 G
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NANOPIX
IN-LABPERFORMANCES

AngularResolution from 1.5 to &
Field ofView: 50°

- Sensitivity
RN Activi
- Background rejectionYes

241A M 74 MBq < 1s Spectroscopycapability. Yes
Dose rate range25nGy.ht to > 50 Gy.H irradiator limit) 1370 33MBq 60 s Dose Rate inf bley
ose Rate info possibletes
Energyrange:8 keVto 1.5 MeV 60Co 4,6 MBq 1200 s
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NANOPIX
ON STEPERFORMANCES

Remotehot spot locationafter fuel

——

Contamination on ircellguide rail]

orano

Contamination in a pipbend

Liquideffluent contamination
underadecomissionedank

¥

Contaminatedilter
(ratio )

o s
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IR ROBOTIC VECTOR EMBEDMENT

REDUCE OPERATORS EXPOSURE
WITH UNMANNED VEHICLES
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ROBOTIC VECTOR EMBEDMENT (::.33 ERRIEFIC
UNMANNEONTERVENTICROLLOWIN®G MALEVOLENACT .S A<CHERATED caRne Resronse

Embedment of Nanopix imager &GV / UAV for remote unmannedssessmenin the
frame of H2020 TERRIFFIC Project
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Qeroccess

aiNroorne engineening research
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ROBOTIC VECTOR EMBEDMENT
UGV MsSIONFORLOCATIONDFA HDDENSOURCE

TERRIFFIC

ACCELERATED CBRNE RESPONSE

UNKNOWN

1 (]
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Results acquired during TERRIFFIC trials with French
Firefighters infChambeéryMarch 2021)

Location of 8800MBqg Cs137 Source@5m in 20 seconds
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(7% TERRIFFIC

ACCELERATED CBRNE RESPONSE

ROBOTIC VECTOR EMBEDMENT
UAV MSSIONORLOCATIONDFHIGHLMRRADIATINEIOTSPOTS

192, (50.685B9 from 50m
|n 6 min

Ir-192 & Ser5 in 90
sec,from 50m and

Results acquired during TERRIFFIC trials [ISSES . R i ; e
with Slovak and Czech Firefighters in PRRED i@ SN s ; W:Lt,“t g,
Bratislava (September 2021) ¥ L A Ao | F* ﬂi; 3}5{& A
Se75 (79.15GBq from 60m fraghtt e
. . . 3 d
In 2 min RS
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NEW DEVELOPMENTS FOR
FUTURE CHALLENGES
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TIMEPIX3 & HYBRID IMAGING MIRION

TECHNOLOGIES

Carry out Hybrid Imaging
(Compton and Coded Aperture)
with a single detector

Compton scattering Recoil
electron
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' m,c
Sourcehyperphysics.phgstr.gsu.edu

GuillaumeAmoyalg 2019¢ Development of ahybridgammacamera
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Timepix3basedcamera
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CALIBRATIONNDALGORITHMS
Fineenergycalibration of Timepix3

xbasedcamera

Becquerel
N |

imepi

[ Ability to reconstruct60-Copeaks }

Laboratoire National
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