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How directional detection can be done?

200 µm

424 µm

• 512 channels 
65000 pixels
• Frequency : 
20 ns (50 MHz)
• Energy (mesh) :
ADC (50 MHz)
• External clock
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• Energy threshold  (Mesh) < 1keV

Gap 256 à 512 µm

n
Expected signal



Micromegas µTPC Development
256 to 512 µm amplification gap

2007

3 x 3cm2

64 x 64 channels

2009 2011 2012 2016 2022

5,4 x 5,4cm2

96x96 channels

10 x 10 cm2

256 x 256 channels
Piggy Back Bulk

200 x 200 cm2

512 x 512 channels
Bulk

262 144 pixels/via

10 x 10 cm2

256 x 256 channels
Bulk

65 536 pixels/vias

10 x 10 cm2

256 x 256 channels
Piggy Back
Grille Cu

Materials
• Kapton / Cu
• DLC
• PMMA

10 x 10 cm2

256 x 256 channels
Piggy Back DLC
Copper Mesh

Materials
• PCB / Cu
• Stainless steel mesh
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2026

Materials
• PCB or Kapton
• DLC ou Ge
• Cu ou stainless steel 
• PMMA
• ~ 802 816 pixels / via

35 x 35 cm2

896 x 896 Channels
Piggy Back DLC/Ge

stainless steel 
mesh



µTPC 3D Model of 35 x 35 cm
Spécifications
• Vacuum resistance: Operation at 30–50 mbar with low leakage rate
• Custom connector: Zebra (elastomeric connector)
• Low Insertion/compression force: easy assembly
• Custom Holder
• Contact alignment: 1792 pads aligned in a single operation
• Main challenge: Perfect matching between detector/mechanic/board
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The electronic board 
 1792 channels (LPSC) + ASIC MIMAC (LPSC)

450 mm

4
5

0
 m

m

• 28 ASIC s(64 chs)
• 5 FPGAs
• 2 ADCs
• 3 DC/DCs
• 2 PACs
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Field Cage
• Uniform electric field

• Radiopure materials : PMMA / Kapton / Cu

• 300 resistors (10 MΩ, )
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Holes for low energy X-Rays



2 Detector Layout
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Gap 500 µm
Grille : Inox 18/25
Résistif : DLC / Ge
• Kapton DLC : 30 - 50 MΩ/□
• Ge : 100 – 200 MΩ/□
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Grille Inox

Thermobounding 500 µm

Ge

Kapton TOP 50 µm

Cu TOP Piste X 12 µm

Kapton 50 µm

Cu BOTTOM piste Y 12 µm

Kapton BOTTOM 50 µm
Colle

Copper 4 mm

Colle

Stainless steel 4 mm

64 µm

Grille Inox

Vacrel 512 µm

DLC

Kapton 50

Colle 25

FR4 (HTG)

Cu Interne Piste X 12 µm

FR4 (HTG) 100 µm

Cu interne Piste Y 12 µm

FR4 (HTG) 1800 µm

µm

Cu BOTTOM 12 µm

Vernis épargne BOTTOM 20 µm
Colle

Inox  8 mm

DLC Ge

PCB

Kapton

Copper

Inox

Colle

PCB (CERN - GDD) Kapton / Cu 
(USTC – Hefei, China)

Low Background

Readout pattern

Thermal bonding Micromegas



Characterization Kapton version : Gas gain, 
drift speed, …
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X generator

C4H10/CHF3 30 mbar

Resolution : 
1.5 keV : 27,4 % (FWHM)
3.1 keV : 22, 6 % (FWHM)

Gain ~ 30 000

~ 1,3 eV/bin
Energy range : 5,8 keV
Threshold : 100 eV

X axis

Y axis

V Drift = ?

Al 1,5 keV

Cd 3,1 keV
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Reconstruction of angles
with respect to the z-axis



Event discrimination
Flash energy analysis (I. Ourahou)
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Nuclear Recoil

Electron

Raw Flash Derivative Tracks
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Event discrimination
Track Width (w)

Distribution of track widths 
for calibration electrons 

1.5keV 3.1keV        8 keV  



Discrimination training : 
A low energy table top ion/electron beam facility

for gaseous detector calibration (COMIMAC)
A table-top ion and electron beam facility for ionization quenching measurement and gas detector calibration (J.F. Muraz)

• Highly Miniaturized Source
• Energy range : 0 to 50 keV
• Ion and electron beam.
• Stainless steel interface with Ø1 μm hole
• µTPC with 512 channels
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Outlook / Conclusion
• New µTPC (35 × 35 × 29 cm³ × 2), 70 L, 3600 channels

• Dark matter (C₄H₁₀ / CHF₃) (2027 @ LSM)

• Exploting Coherent directional neutrino detection (He/CF₄)

• Fast neutron spectrometry (He/CO₂ at 1 bar)
 Metrology and spectrometry of neutron fields 
 Nuclear waste characterization
 Neutron background in underground laboratories (C₄H₁₀ / CHF₃)
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Thank you for your attention 

Thank you for your attention.
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