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Optical readout

.- Readout of detectors with imaging sensors or fast photon detectors

- Modern CCD and CMOS sensors allow high resolution and low
readout noise

- Inherent stabllity to electronic readout noise

- Wide range of optical elements (mirrors, lenses, fibers) available




Readout of MPGDs
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Optical readout
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Optical readout

Image immediately available without need for reconstruction.

Two acquisition approaches:
- Integrated imaging collects all light within exposure time without deadtime with long exposure time
- Event-by-event recording with short exposure time for track reconstruction
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Radiation imaging with optically read out MPGDs

Visualising tracks, events & imaging

X-ray photons Alpha track Muon tracks with o-ray Hadronic shower Cosmic event

Proton beam profile X-ray fluoroscopy X-ray tomography X-ray fluorescence

X-ray radiography



Optical readout as a tool for detector R&D
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Secondary scintillation light emission



Optical readout scintillation spectra

Using wavelength shifters Using CFs-based gas mixtures
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Optical readout scintillation spectra
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Optical readout scintillation spectra

Scintillation light spectra of different gas mixtures match CCD
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Micromegas on glass
Enabling optical readout
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Optical readout of gaseous detectors

Employing high electric field regions for signal amplification by electron avalanche multiplication.
Scintillation light emitted during avalanche multiplication can be recorded with imaging sensors.

(Gaseous Electron
Multiplier (GEM)

CCD camera

Micro-Mesh Gaseous
Structure (MicroMegas)

Pillars
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Optical readout of gaseous detectors

Employing high electric field regions for signal amplification by electron avalanche multiplication.
Scintillation light emitted during avalanche multiplication can be recorded with imaging sensors.

(Gaseous Electron Micro-Mesh Gaseous
Multiplier (GEM) Structure (MicroMegas)

ITO Pillars
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Optical readout of Micromegas setup

Incident radiation
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Scintillation light from Glass Micromegas

Secondary scintillation spectrum

Visible scintillation spectrum (VIS + NIR lines) are comparable for
GEMs and Glass MM. Light below =300nm is suppressed in
Glass MM due to ITO anode and glass substrate.
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L ight emission profile

Uniformity of amplification region determined light emission profile and achievable spatial resolution of optically
read out MPGDs.

Micro-Mesh Gaseous
Structure (MicroMegas)

(Gaseous Electron
Multiplier (GEM)

35

Triple-GEM Micromegas
Hole structure Uniform
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Imaging and spatial resolution
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Optical response of Micromegas detector to X-

rays

Pillars are clearly visible in flood exposure images as dark
spots uniformly spaced at 8mm pitch

Darker edges and brightness variations attributed to X-ray
beam profile
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X-ray radiography with Glass MM

X-ray radiography works well and appears to give higher
resolution images than optically read out GEMSs

Pillars are visible as inefficient areas

Image recorded by 10x 10s exposures, BG subtracted,
derided by “white” image to correct for beam profile

VRS

Triple GEM
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Glass Micromegas developments
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SIPM readout of Glass Micromegas

- Read out scintillation light from glass Micromegas with SiPM to profit from high time Ar/CFE4 scintillation emission
resolution and (limited) granularity with over tens of ns
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Wavelength shifting in Glass MM

. Optical readout of MPGDs relies on CF4 for visible light emission

- Wavelength shifters (e.g. TPB layer) may be used to convert VUV light to
visible light to allow optical readout in wider range of gases and operating

conditions

. Study of light yield, spectroscopy and spatial resolution when using WLS

Influence of WLS placement on
spatial resolution
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Point Spread Function measurement
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Solell Synchrotron

(Glass

Micromegas

Beam exit -ens

Camera
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Solell Synchrotron
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Solell Synchrotron

Micromegas pillar study

Y=4.5mm

50

100

0.5 mm 150

200

250

300

350

400

0 100 200

Glass Micromegas hexagonal mesh
(650x50 um x-ray beam)

Beam across pillar

- - - -
B~ (@) (00] -
1 | 1 |

Light amount ratio (%)

o
N
I

O
o

3.7

3.8

3.9

4.0 4.1
Beam position (mm)

4.2

4.3

4.4

29



Solell Synchrotron

Micromegas mesh study
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Solell Synchrotron

Micromegas mesh study
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X-ray imaging

Micromegas mesh study
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X-ray imaging
History of imaging with MPGDs

Electronic readout
GEM-based detector

Optical readout
Triple-GEM detector

i

Optical readout

Glass Micromegas

{

1cm

Glass Micromegas, Optical readout,
deconvolution
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Activity measurement on tritiated cells
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Joliot institut

IRAMIS CEA

Beta Imaging

Cellular culture

Tumor heterogeneity: different cell types inside a tumor
* Heterogenelty effect on drug targeting?
* Develop more efficient drugs

* Requires better detection sensibilities

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

At the cell level: Quantification of *H concentration in single cell samples
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Beta Imaging

First deposit : tritiated glucose
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Beta Imaging

Integration
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Beta Imaging

Clustering
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Beta Imaging

Clustering
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Neutron imaging
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Neutron imaging

Cathode : '"B,C neutron-to-charge converter

Thermal neutrons absorbed by 2 um thin 1°B,C layer

Conversion efficiency: 5%
(a or Li) fragments cause strong ionisation

Drawback: fragments long range in the gas (5 mm)

Camera

Light cover

Glass
ITO

Mesh

Amplification gap 128 um

Cathode /,/ a & 7Li
B,C .

‘—. Slow neutron

e
source

41



Neutron imaging
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Perspectives

Simultaneous activity measurement with 14C and 3H
Single cell activity measurement

High flux neutron facility
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