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Introduction

▪ INFN NA and RM3 groups have played a major role in the development and 

construction of the largest MPGD-based detector system ever built: the 

Micromegas (MM) detector for ATLAS

▪ Based on that established experience we started in 2015 an R&D program to 

further develop the resistive MM with the following objectives

o Consolidation of the technology for use at future colliders, also aiming at 

very high rates up to 10 MHz/cm2 

o Optimization of the spark protection resistive scheme to achieve stable 

operation at high rate and gain

o Demonstration of the scalability to large surfaces

o Exploitation of the robustness and stability of configurations achieved at 

high rates to redirect R&D efforts towards a simplified and optimized 

version for operation at low/medium rates

o Industrialisation/production at industries (ongoing with ELTOS)

▪ Effort developed within INFN MPGD_NEXT and RHUM projects and 

RD51/DRD1 collaborations

▪ Fully aligned with ECFA readmap and strategic themes for future experiments 

of DRD1
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Established results for high rate
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Consolidate double DLC layout and pad readout  

▪ Result from test with beam
Rate capability measured with X-rays Gain vs HV for different gas mixtures

Efficiency map for perpendicular tracks
Space resolution down to 65 um:

1/15 of the pad size

1 mm pad size

Time resolution down to 6 ns



Established results: from small to large size 
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Paddy-2000 dimension fit the needs of detector units 

for most of applications to future experiments   



Ongoing activity: low/medium rate

▪ Single layer DLC: at low rate the double DLC configuration to 

quickly evacuate the high-density current not needed 

→ simplified (and cheaper!) construction

▪ Capacitive sharing: to reduce number of readout channels 

while preserving the spatial resolution
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Side SSide L

▪ Top readout layer (direct signal induction): 1.25x1.25 mm2

▪ Side L: Four layers / four steps capacitive sharing: 1.25x1.25 mm2 → 

2.5x2.5 mm2 → 5x5 mm2 → 10x10 mm2 readout pads

▪ Side S: Four layers / three steps capacitive sharing: 1.25x1.25 mm2 → 

2.5x2.5 mm2 → 5x5 mm2 → 5x5 mm2 readout pads

Prototype with single DLC and capacitive sharing

Space resolution:

▪ 220 um with 5x5 mm2 pad size (1/23)

▪ 380 um with 10x10 mm2 pad size (1/26)

No efficiency lost for the capacitive coupling



Ongoing activity: knowledge transfer

▪ Future experiments might need mass production. 

Not fully affordable in Institutes: industrialization needed

▪ Following on the successful experience for the Micromegas 

for ATLAS we established a collaboration with ELTOS SpA for 

the KT of DLC resistive bulk-Micromegas

o Reminder: for ATLAS 1280 m2 of Micromegas board, not bulk  

▪ The DLC foils can be produced in-house at CERN 

with the CERN-INFN sputtering machine 

(trained personnel from our group)

▪ Single layer DLC 10x10 cm2 prototypes 

constructed and tested with good results
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Single DLC prototype constructed at ELTOS

Good stability (gan up to 20k
Space resolution: 400 um with 1.6 mm pad size



Conclusions and Outlook

▪ DLC resistive Micromegas is a solid technology available for applications to future experiments

o Excellent performance: gain, stability, time and space resolutions, simple operations

o High-rate variant (2-layer implementation) up to 10 MHz/cm2 

o Medium/Low-rate variant (single DLC layer) with capacitive sharing for readout channels saving

o Scalability to large size

o Industrialization

▪ HEP applications

o Very forward extension of muon tracking system at existing experiments

o Muon tracking/tagger or TPC for next accelerators (FCC, Muon Collider)

• Expression of Interest submitted for Muon system at FCC-ee ALLEGRO and IDEA

o Beam-dump experiments

• Part of the SHADOWS experiment proposal, not approved by CERN in 2024

o Readout element for sampling calorimeter (see fire talk by L. Generoso)

o Considered for proton structure/QCD Physics with AMBER (M. Alexeev et al)

o Tracker for the PADME experiment upgrade at LNF, under test (some of the authors + LNF group) 
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RHUM…
…what else?

Thank you!

If RHUM can’t fix it, you’re not using enough RHUM*

* l’alcol nuoce gravemente alla salute
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