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Abstract: In the last years, optical readout of Micromegas gaseous detectors has been achieved
by implementing a Micromegas detector on a glass anode coupled to a CMOS camera. Effective
X-ray radiography was demonstrated using integrated imaging approach. High granularity values
have been reached for low-energy X-rays from radioactive sources and X-ray generators.

Detector characterization with X-ray radiography has led to two applications: neutron imaging
for non-destructive examination of highly gamma-ray emitting objects and beta imaging for the
single cell activity tagging in the field of oncology drug studies.

First measurements investigating the achievable spatial resolution of the glass Micromegas
detector at the SOLEIL synchrotron facility with a high-intensity and flat irradiation field will be
shown in this article.
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1 Introduction

The optical readout of gaseous detectors is an emerging technology being already used in many
different fields. Optical Time Projection Chambers (OTPC) are able to reconstruct 3D tracks in
dark matter experiments [1] and could also be used in the medical field for proton therapy beam
monitoring [2]. Gaseous Electron Multipliers (GEM) detectors coupled with optical readout have
also shown good performances regarding the gain and light yield for many different applications [3].
Recent studies have shown that the Micromegas detector [4, 5] is well suited for imaging when it
is implemented on a transparent anode and coupled with a CMOS camera. This detector obtained
high spatial resolution under X-ray and neutron irradiation and was able to detect very low activity
𝛽-ray emitting samples [6, 7].

One major strength of optical readout is the ability to integrate the light scintillated by the gas
for real-time imaging. The device gives images with high contrast and granularity thanks to the
Micromegas detector high gain and micromesh structure coupled with a CMOS camera of several
mega pixels resolution.

A beam test at the SOLEIL synchrotron facility [8, 9] took place in November 2022 for
characterization of the glass Micromegas detector. This test aimed to measure the spatial resolution
and scintillation light response of the detector. This article describes the measurement of the Point
Spread Function (PSF) of the detector for different configurations.

2 Beam test at the SOLEIL synchrotron

For a precise characterization of the optical readout Micromegas detector, it is essential to measure
the impulse response of the detector. This is given by the PSF which describes the response of the
detector to a point source. The SOLEIL synchrotron is a first-class solution, providing a very thin
parallel beam of hard X-rays at very high flux. This test studies the origins of the blurring of the
final image, namely the diffusion, the optical aberrations and the light reflection inside the detector.
In this section, preliminary results from a test at the SOLEIL synchrotron are presented.
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2.1 Experimental setup

This experiment was conducted at the SOLEIL Metrologie beam line [8, 9], the main characteristics
of which are described in this paragraph. The beam size is set at 5 × 5 µm2. We assume that 5
µm is at a scale far lower than the intrinsic spatial resolution of the detector and the beam can be
approximated to a point source. The photons are extracted from the storage ring of the synchrotron
more than 20 m away from the detector and are expected to have parallel trajectories. The energy
of the beam was set at 6 keV and the measured beam flux at the detector was 3.69 × 105 photons/s.
The beam size was measured by a Basler camera [10]. The camera, the power supply, the table
position and the beam energy were controlled remotely from the control room.

The properties of the detector are depicted in details in [6] while the main features are presented
here. The drift gap was set at 3 mm for this first measurement while a wide range of operating
voltages was scanned. The Micromegas detector was built on a 5 mm quartz coated with 150 nm
of Indium Thin Oxide (ITO). A standard mesh (18 µm wire diameter, 45 µm opening between
wires) is attached to the crystal by the bulk process [11] with pillars of 500 µm diameter and 6
mm pitch. The gas mixture is composed of 90% of Argon and 10% of Carbon tetrafluoride (CF4)
which scintillation spectrum contains a wide emission band around 630 nm [3]. The camera is
an ORCA-Quest qCMOS imaging sensor from Hamamatsu [12], sensitive to single photons. The
camera was coupled with a fast lens from Schneider group [13] of large aperture (f/0.95) for low
light imaging applications. The detector and the camera are fixed on one solid plate to ensure the
optical alignment and interconnected by a "light-tight" black cover made by 3D printing. The mesh
was grounded while the cathode and the anode were at a negative and positive voltage respectively.
The drift field (Edrift) is defined between the cathode and the mesh and the amplification field (Eamp)
between the mesh and the anode. For every measurements, 100 frames of 1 s of beam signal were
acquired.

2.2 Analysis and results

Here we describe the image treatment processes and the different operations involved in the analysis.
The background noise coming from the dark current and the readout noise of the camera constitutes
the pedestal of the image. The pixels intensity of dark images correspond to 0 photons and varies
from one pixel to another. For this reason, the mean value over 100 frames of every pixel i intensity
(`𝑖) is computed and subsequently suppressed from the beam signal. Hence, the pedestal and most
of the hot pixels are removed. In the follow-up analysis, the beam signal is characterized by the two
1D shapes instead of one 2D shape (Figure 1 left) by integrating the image over the horizontal and
vertical axes (Figure 1 right). No intensity threshold is applied because the light spreading effects
of low light intensity could be removed.

Figure 1 (right) represents the beam intensity profile projected along the horizontal and the
vertical axes. Two main contributions to the light spreading have to be considered: the electron
diffusion in the gas and the optical effects. The diffusion of charges by multiple collisions in the gas
follows a Gaussian distribution with a standard deviation (STD) given by 𝜎𝑥 =

√
2𝐷𝑡 after a time

𝑡, drifting through a distance 𝑥. The diffusion coefficient 𝐷 is a function of the charge velocity and
strongly depends on the drift field. Thus, the diffusion increases as a function of

√
𝑥 and is given

in units of `𝑚/
√
𝑐𝑚. When a hard X-ray penetrates the gas volume, it can interact at any position
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in the drift gap, given a certain probability 𝜖𝑥 (absorption coefficient). Any photon interacting
at a specific distance from the mesh implies a diffusion process of unique 𝜎𝑥 that differs from
other photons of a different position of interaction. Therefore, the contribution of the diffusion in
Figure 1 (green cone) is defined by a sum of an infinite number of Gaussian curves with different 𝜎𝑥

values. All the Gaussian distributions have the same mean value (`𝐷) because the X-ray beam is
meant to be parallel to the drift field lines. Hence, the diffusion is modeled as one single Gaussian
distribution of STD value 𝜎𝐷 described in (2.1) where 𝜖𝑥 is the X-ray absorption coefficient at a
distance 𝑥 from the cathode and 𝑑 is the drift gap thickness.

Figure 1: 2D intensity image (left) and 1D projections on horizontal and vertical axes (center,
right) for Eamp = 37 𝑘𝑉/𝑐𝑚 and Edrift = 330 𝑉/𝑐𝑚.

Nevertheless, optical effects such as optical aberrations or light reflections in the detector
produce an additional contribution in the beam signal shape. Unlike optical TPCs where low
luminosity events are captured, this detector aims to integrate high light intensity exposing the
camera to third order aberrations. An important spreading pattern is brought from the optical
aberration called Coma [14]. Positive Coma causes a "comet-like" blur directed away from the
optic axis which grows quadratically with the distance of the source from the optic axis. The lens
has a large aperture ( 𝑓 /0.95) allowing photons that are far away from the optical axis to interact
with the lens, increasing the aberration. As shown in Figure 1 (orange curve), if the X-ray beam
does not hit the detector at the exact center in alignment with the camera, the beam signal shape
becomes asymmetric. In other words, the Gaussian distribution associated to the optical effects of
mean value `𝑂 is off-centered with the diffusion contribution. Furthermore, the inox micro-mesh
being shinny, it produces reflections and adds some extra spread of the light. For the same reason,
the cathode is made black to diminish reflections. In addition, the two 5 mm-thick quartz windows
that light crosses before reaching the CMOS camera are sources of light reflection and refraction.

In order to calculate the uncertainty on the measurement of the beam size, the standard deviation
of the sum of all the contributions is computed. The STD of N added up Gaussian shapes is given
by (2.2). Since `𝑂 ≠ `𝐷 , the STD for N=2 (2.3) contains an additional term involving the shift
(`𝑂 − `𝐷)2 between the distributions. The STD and amplitude of the optical effects distribution
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are respectively 𝜎𝑂 and 𝑝𝑂.

𝜎2
𝐷 =

∫ 𝑑

0
𝜖𝑥𝜎

2
𝑥 𝑑𝑥 (2.1)

𝜎2
𝐹𝑖𝑛𝑎𝑙 =

𝑁∑︁
𝑖=1

𝑝2
𝑖𝜎

2
𝑖 +

𝑁−1∑︁
𝑖=1

𝑁∑︁
𝑗=𝑖+1

𝑝𝑖𝑝 𝑗 (𝜎2
𝑖 + 𝜎2

𝑗 + (`𝑖 − ` 𝑗)2) (2.2)

𝜎2
𝐹𝑖𝑛𝑎𝑙 = (1 − 𝑝𝑂)𝜎2

𝐷 + 𝑝𝑂𝜎
2
𝑂 + 𝑝𝑂 (1 − 𝑝𝑂) (𝜎2

𝐷 + 𝜎2
𝑂 + (`𝐷 − `𝑂)2) (2.3)

The electric fields in the Micromegas detector are key parameters of the diffusion and amplifi-
cation and directly affect the final signal standard deviation. Measurements were realized with five
different amplification fields and six different drift fields in order to study the STD dependency on
these fields. The minimum value of the STD was measured at Edrift = 330 V/cm (Figure 2, left)
which corresponds to the minimum of the simulated diffusion coefficient (Figure 2, right). At low
amplification field (Figure 2, left plot, red curve), the amount of light is small and the Signal to
Noise Ratio is dominated by the readout noise, increasing the STD value. At high amplification
field (Figure 2, left plot, purple curve), the Micromegas detector enters the non-linear region and
suffers from instabilities, increasing the light spreading.

Figure 2: STD of the beam signal as a function of the amplification and drift fields (left). Simulated
diffusion coefficient for a gas mixture with 10% of CF4 (right).

3 Conclusion

A test run at the SOLEIL Metrologie beam line was performed for measuring of the Point Spread
Function (PSF) of the optical Micromegas detector. The PSF of the device was computed at different
electric field values allowing us to establish the dependency of the resolution on the diffusion and
the amplification of the detector. Various sources of the light spreading have been identified as well
as the effect of optical aberrations and the lens settings and will be studied further. Blackening of
the mesh will be implemented in future set-ups for reflection investigation. The full analysis of
the data is in progress and will allow us to exctract the response of the detector for different beam
energies and sizes, detector positions and drift gaps. This will open the way to deconvolution of 2D
images for high resolution imaging.
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