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Advantages:

» 2D pixelized readout of high granulc
» Megapixel resolution from commerc
» Integrated imaging approach

Applications:

» Real-time neutron imager

» B imager for sub-becquerel activity r
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ARTICLE INFO ABSTRACT
f— Optically recarding scintillation light emitted by MicaPattem Gaseous Detectors (MPGDS) with imaging

Tadistion imaging sensors is a versatile and performant readout modlity taking advantage of modern high granularity imaging

Optical readout sensars. To allow seintillation light readout of a detector based on MicroMesh Gaseous Structure (Micromegas)
MPGD technology, we have integrated a Micromegas on a glass substrate with a transparent anode. In addition to
:i‘:’:‘:;w} optical detection of scintillation light emitted during electron avalanche multiplication betwsen the micromesh
Scintillstion and the anode, this setup ako achieves a good energy msolution. A glass Micromegas detector was operated
o i an Ar/CF, gas mixtwe and showed a response comparsble to conventional Micromegas detectors. The

spectrum of the emitted scintillation light was recorded and shown to be equivalent to the ane obtained with
afher gaseous detectors in the same gas mixture. Optically read out images were recorded with CCD) cameras
and integrated X-ray radiographic imaging with good spatial resolution was demanstrated. A spatial resolution
af 440 um (10% MTF) was found. Single X-ray photon detection with a high-sensitivity camera was achieved,
which patentially permits energy-resalved X-ray fluorascence imaging.

1. Intwduction insulating pillars to create a uniform amplification region with an

) ) clectric field strength sufficient for dlectron avalanche amplification
Optical readout of MicroPattem Gaseous Detectors (MPGDS) ke oy oo the micro-mesh and an anode [7]. However, Micromegas are

advantage of combining the high gain factors achievable by MPGD iy iniegrated on PCBS, which has previously inhibited the aptical

wechnologies with the high granularity pixel readout permitted by oo S S

modern imaging sensors. This allows for the realisation of radiation We have developed a Micromegas detector on a glass substrate

detectors with spatial resolution and sensitivity to a wide range of ra-
diation ranging from Minimum lonising Particles (MIPs) to low-energy
Xerays, as well as highly ionising radiation such as alpha particles
Detector concepts based on optically read out MPGD-based detectors
have been previously developed for applications such as radiation
imaging [1,2], 3D track reconstruction in optically read out Time Pro-
jection Chambers (TPCs) [2,4] or dose imaging in hadron therapy [5,6]
Previous MPGD-based detector concepts employing optical readout
with imaging sensors were predominantly based on Gaseous Electron
Multipliers (GEMs), a variety of MPGDs consisting of perforated multi-
layer foils. This geometry makes GEMs well-suited for optical readout
as scintillation light emitted during electron avalanche multiplication
can be easily recorded by a camera placed behind the detector. In
contrast, most other MPGD technologies are integrated on substrates
such as Printed Circuit Boards (PCBs) which are opaque and thus inhibit
scintillation light recording. This is also true for MicroMesh Gaseous
Structures (Mi which employ a sh supported by

* Comespanding author.
E-mail address: emmanuel pollaceo@eea.fr (EC. Pollacco)

https//doiorg/10.1016/j.nima 2019163320

with a transparent anode made of Indium Tin Oxide (IT0) to enable
the optical readout of Micromegas-based detectors. Thus it is possible
to take advantage of the superior energy resolution reached by this
MPGD technology as well as profit from the high spatial resolution and
intuitive 2D imaging capabilities associated with optical readout with
state-of-the-art imaging sensors.

s enables fheread dary seintillation ligh 1 du-
ing electron avalanche multiplication in the amplification gap between
the micro-mesh and the anode. As with the optical readout of GEM-
based detectars, the glass Micromegas were operated in an Ar+CFy gas
mixture. Gas mixtures containing CF feature wide scintillation light
emission bands in the ultraviolet (UV) and visible (VIS) wavelength
ranges [5], which ble with the wavelengthdependent quan-
tum efficiency (QE) of common CCD and CMOS imaging sensors.
Optical readout of GEM-based detectors operated in Ar+CFy gas mix
tures has been reported and used for X-ray radiography [1,2] as well
as 3D track reconstruction [3,4].
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LIGHT PRODUCTION MECHANISMS

Camera [ Scintillation ]

Glass y/
Fluorescence
ITO Amplification gap \~ :,? 128 um | Prompt emission of
Mesh ---------------'-'-----'--------"? photon after absorption of
incident radiation.
(1 nsto 1 ps)
~» Secondary Scintillation
Drift gap
\
incident particle ~~" . Primary scintillation Secondary scintillation
Cathode Coming from the
excitation of the gas Coming from avalanche
due to incident amplification.
particles.

Gas mixture : Ar/CF,
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LIGHT DETECTION DEVICES

Hamamatsu CMOS camera ORCA-(Quest

Readout noise

Standard scan  0.43 electrons rms Photon number resolving
Ultra quiet scan  0.27 electrons rms

0s

Readout noise

= (.27 electrons

PlXEIS —— (.50 electrons

Number Size 1.00 electrons
— 1.50 elect

4096 x 2304 4.6 um x 4.6 um 900 slontrons

Dark current

Cooling Sensor temperature Dark current
Air -20°C 0.016 e /pixels/s

Probability density

Minimum exposure time

Mode Rate
Standard 1 us/frame : : . . ; - : .
Ultra quiet 100 ms/frame

Detectors 2022 Photoelectron (electrons)
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DETECTOR CHARACTERIZATION WITH X-RAY SOURCES
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DETECTOR CHARACTERIZATION WITH X-RAYS

Bulk on glass from CERN and IRFU

» Charge readout test in Argon+5%lso:
gain above 10%and FWHM reaches 16%

» Coated glass with 150 nm of ITO (Indium Thin Oxide)

» Pillars with hexagonal pattern and large pitch (6 mm)

Micro Pattern Gaseous

Detectors 2022

Counts

Experimental set-up for x-rays
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DETECTOR CHARACTERIZATION WITH X-RAYS (CERN GDD)

X-ray radiography (20 kV) — Ar/CF,(20%)

» High gain: 1 min exposure time gives images with good contrast

400 400
600 500
800 . -
1000 1000 £¥:
1200 1500 :;-_;.a
1400 i
1600- -
400 600 800 1000 1200 1400 1600 A
60 sec exposure time bat radiography with simple 400 600 800 1000 1200 1400 1600

Micro P G . . . .
Detectors 2022 background suppression and beam profile correction. 60 sec full detector image with simple background suppression.
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SOLEIL BEAM TEST (16/11-18/11) [ NI =iy

Synchrotron Soleil (4 keV — 15 keV)

Goals

» Determination of Point Spread Function

» Spatial resolution dependence on drift gap, drift field

and beam ener
gy Test of OPTIMED-BETA detector at hard

. X branch of METROLOGIE beamline
» Detector homogeneity

3
g | ::';:i
¢

o e atiora] Cofarer e o IxImm beam, Primary Scintillation IxImm beam, Amplification 0.035x0.035mm beam, Amplification
Micro Patter Caseous (Va=0V, Vd=0 V) (Va=400 V, Vd=210 V) (Va=400 V, Vd=210 V) 10
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B-IMAGING

PRELIMINARY RESULTS WITH TRITIUM SAMPLES
NEUTRON RADIOGRAPHY

PRELIMINARY RESULTS WITH A NEUTRON SOURCE

12



B-IMAGING g

Tumor heterogeneity: different cell types inside a tumor

Tumoural cells collected from an animal — Tritium tracking Cellular culture

» Heterogeneity effect on drug targeting?
» Will help the developing of more efficient drugs

» Requires better detection sensibilities

M o | ecu | e Ia be I | I ng dan d tra Ckl ng Wlth trltl um Cell deposit by microfluidics techniques | Tritium activity counting with gaseous detector

Pharmaceutical needs at the cell level for drug development:
» Assess the drug distribution among cells
» Evaluate the impact of the cell heterogeneity on drug biodistribution

> At the cell level: Quantification of 3H concentration in single cell samples

Micro Pattern Gaseous 13
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PRELIMINARY RESULTS WITH TRITIUM SAMPLES

First deposit : tritiated glucose

Camera
Light cover
Glass / \
O ITO
Mesh Amplification gap 128 um |
Drift gap Smm
E]

Cathode H samples 2 B

Tritium deposits schema and picture OPTIMED-BETA set-up scheme

» Activity measurement limits and dynamic range - Activities: 0.3 Bg and 60 Bq

» Spatial resolution - gap between drops: 2cm—-1cm -5 mm

1e 7" International Conference on
Micro Pattern Gaseous 14
Detectors 2022



PRELIMINARY RESULTS WITH TRITIUM SAMPLES

Integration method :

» 60 Bq drops positions are well assessed

» 0.3 Bqg drops hardly visible

Ar/CF,(20%)

Light intensity profile

180 frames of 10 sec (30 min) added with simple background suppression 20% of CF4

x 10!

% 10!

% 10!

x 10!
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PRELIMINARY RESULTS WITH TRITIUM SAMPLES

Clustering method :

Clusters barycenter histogram

Clusters centroid Histo

1000
o 10°
600 T s
, L2 | 107
600 s o
400 e
] 10!
2001 g '
0 r . - . i 10°
0 200 400 600 800 1000 1200

20000 frames of 100 msec (33 min), individual pixel background thresholding, 20% of CF4

» Both 60 Bq and 0.3 Bg drops positions are well assessed

l International Conference on

MicroPatte Gaseous » Better signal-to-noise ratio and counting events capability 16



NEUTRON RADIOGRAPHY

Electron amplification
pre-amplification
.
Micromegas-based neutron imager \- i Mirror
neutron \ -
N
< - —— ¥
10B,C neutron-to-charge converter 5 é 5
» Thermal neutrons absorbed by 2 um thin 1°B,C layer Cathode N c_‘\
Glass + ITO

V4
Camera
OMNIS set-up schema

» (a or Li) fragments causes strong ionisation compared to electrons
» Drawback: fragments long range in the gas (5 mm)
Acquisition modes:

» Event-by-event: track reconstruction:

potentially higher resolution (100 um), better y-to-n suppression

> Integrated: real-time radiography:

pe—  Y-t0-n suppression less efficient Boron converter principle

Micro Pattern Gaseous 17
Detectors 2022




PRELIMINARY RESULTS WITH A NEUTRON SOURCE

L s e

Experimental set-up

Light cover l
Glass /

ITO

Camera

Mesh  aAmplification gap

10 mm
Drift gap
Cathode o & L

Slow neutron

Neutron
source

18

OMNIS set-up schema
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PRELIMINARY RESULTS WITH A NEUTRON SOURCE (CERN GDD) a

50 V/cm dr/ft fle/d 800 V/cm drift field 2000 V/cm dr/ft f/eld
Transverse diffusion in 80% Argon + 20% CF4 gas mixture.

-— ArB0%, CF4 20%

50 V/ern 800 V/ern 2000 \/erl > Drift field affects the diffusion in the gas

» Diffusion spreads the light

\
LT \&g\
\ W Q‘?&’\'\@

Trans. diff. coef. {um bar™~1/2 cm”™-1/2)

T Tw o w W R

Reduced drift field (V/cm/bar)
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CONCLUSION

What we have done

» Several types of Micromegas on glass were built and tested

» Setups of optical readout detectors for neutron and beta detection

» Detector characterization at X-ray facilities, with beta samples and neutron sources
» Image processing in progress

Outlook

» Beam test at Soleil accelerator: spatial resolution measurement and determination

of point spread function

» Investigate image treatment methods

» B-imaging: tests on isolated single tumor cells

» Neutron radiography: Irradiation at neutron facilities

20
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PRELIMINARY RESULTS WITH TRITIUM SAMPLES

Clustering method :

Charge readout coupling

Optical readout
Mean activity = Mean STD
(Ba) (Ba)
High activity 8,4 0,74
Low activity 0,087 0,022

23



Light production mechanisms

Scintillation : excited atoms or molecules emit photons during de-excitation.

[ Scintillation J

\

Phosphorescence

Fluorescence

Electroluminescence

Delayed emission of
photons after absorption.
(1 ms to 100 s)

Prompt emission of photon
after absorption of incident
radiation.
(1nsto1 us)

Electrons with energy
lower than ionization
threshold just excite
atoms or molecules.

Primary scintillation

Secondary scintillation

From the creation of primary
electron coming from the
excitation of gaz due to
incident particles.

From the creation of secondary
electrons taking place during
avalanche amplification.

Cathode

Drift gap

Incident particle A/‘F

Camera

~» Secondary Scintillation

lesemadl Light yield : amount of light determines the signal to noise ratio. It depends on electric field, pressure and gas mixture.

Micro Pattern Gaseous

Detectors 2022
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PRELIMINARY RESULTS WITH TRITIUM SAMPLES
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Micro Pa

X-ray radiography

» MTF measurement

Detectors

400

600

800

1000

1200

1400

1600

60 sec exposure time lead target radiography with simple background suppression.

DETECTOR CHARACTERIZATION WITH X-RAYS
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Va=550V, Vd=210 V

Micro Pattern Gaseous
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SOLEIL BEAM TEST

16/11-18/11)
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