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The RHUM project and its target
ÅResistive High granUlarity Micromegas (RHUM project) is a collaboration of

INFNand University of Napoli and Roma3 together with CERNand CERNPCB
workshop (R. de Oliveira)
ÅThe project was born almost 10 years ago to push the resistive micromegas

technology towards stable and efficient operations in very high-rate
environment (order of 10 MHz/cm2).
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ÅSeveralkeypoints:
ÅSmall pad readout to reduce the occupancy of the detector;

Åfew mm2 to achievehigh-rate capability and goodspatial resolution.
ÅDefinition of a spark protection layout to ensure stable and efficient

operation at highgainand high rate;
ÅDemonstration of scalability of the detector over largesurface;
ÅTechnologytransfer to industry to reduce the production cost;
ÅOptimization of the readout scheme for low-medium rate

applications to avoid the explosion of the number of the readout
channel over largesurfaces.
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The path of RHUM project over the years
ÅThe R&D project was born and has grown within RD51 Collaboration 

and now is well established inside DRD1 Collaboration
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Pad patterned 
resistive 
layout scheme

2015
Double DLC 
resistive 
layout scheme

2017

Sequential 
Build Up (SBU)
technique

2018

Double DLC 
medium size 
(20 x20 cm2)  
detector

2022

First prototype 
built by ELTOS

2022

First Large size  
detector 
(50x40 cm2)

2024

First prototype using 
Capacitive sharing

2024

The ancestor: 
Resistive strip 
micromegas 
for ATLAS NSW

2013
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Size grows over the years
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Small size prototypes Medium size prototypes Large size prototypes

Many prototypes with different 
resistive schemes

ACTIVE AREA:4.8 x 4.8 cm2

ANODE PAD SIZE:0.8 x 2.8 mm2

TOATL NUMBER OF PAD: 768
48 pads pitch 1 mm (x view)
16 pads pitch 3 mm (y view)

Two prototypes PADDY400-1 and 
PADDY400-2

ACTIVE AREA:20 x 20 cm2 (partial 
readout in central region 40%)
ANODE PAD SIZE:1x 8 mm2

TOATL NUMBER OF PAD: 4800

The BIG One: Paddy2000

ACTIVE AREA:50 x 40 cm2 (finer 
granularity in central region 
6.4 x 6.4 cm2)
ANODE PAD SIZE:
1x 8 mm2 in central region
10 x 10 mm2 in surrounding region
TOATL NUMBER OF PAD:
512 in central region  2048 outside
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Resistive Pad-Patterned Micromegas
ÅPad patterned resistive layout based on resistive pads 

superimposed to the readout copper pads
ÅEmbedded resistors between resistive and readout copper pads
ÅEach pad completely independent from neighbours
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Inspired by M. Chefdeville and co-authors [NIM. A 824 (2016) 510 , NIM. A 1003 (2021) 165268] (1 cm2 resistive pads)
and by (non-resistive MM + GEM hybrid) detector in COMPASS [JINST7 (2012) C03006 , JINST 9 (2014 ) C02005] 
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Resistive Pad-Patterned Micromegas
Ågood stability up to 

gain of 5 x 104

Åsignificant charging 
up effect also 
affecting severely the 
linearity with rates
ÅIndependence of rate 

capability with the 
irradiated surface 
("independent cells")
ÅModerate energy 

resolution (non 
uniformity of gain, 
edge effects for each 
pad)
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Double DLC Resistive Layer Micromegas
ÅInspired to uRWellresistive layer (G. Bencivenniet al  JINST_10_P02008);
ÅThe resistive layer are made of Diamond Like Carbon foils;
ÅA network of dot connections between layers (few mm pitch) is used to evacuate 

the charge in active area through the read-out copper pads;
ÅIn first prototypes the dots were filled manually with conductive paste;
ÅLater, a sequential build up technique (SBU) was implemented exploiting 

copper-clad DLC foils. It allows best alignment of vias and connections (R. De 
Oliveira INSTR2020)improving detector stability and performance
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Typical resistivity is ranging 
ŉƖŸůШΡШƣŸШΡΜШ~̡оsq in different 
configuration between the 
upper and lower layer 
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Double DLC - Performances
ÅNegligible charging up effect even at high rate.
ÅCharging up of the pad patterned detector mainly due to charges 

accumulating on the dielectric facing the amplification volume.
ÅReversible process by applying a reverse electric field as demonstrated 

by P. Iengo& G. Sekhniaidze in  JINST (2023) 18 C06007. 
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PAD-P DLC
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Double DLC - Performances
ÅHigh stability, even with very high gain т105тusing 2% of iC4H10

ÅGood energy resolution (~18% at 5.9 keV Fe55 X-rays) 
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DLC
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Double DLC - Performances
ÅVery good rate capability with stable gain up to 10 MHz/cm2 with DLC ~20-30 
~̡оsq;
ÅDuring usual operation in HEP, with Gain= 6k, 10% gain drop at 10 MHz/cm2

that can be recovered increasing amplification voltage of few volts
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PAD-P

DLC X-rays irradiations 
from Cu тX-ray gun (~8 
keV) on a circular spot 
1cm diameter.

Primary ionisation  > 
250 e-, for MIP n0~50 in 
5 mm.
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Double DLC - Performances
ÅThe dependence of the gain with the irradiated area has been studied 

with the medium size detector, irradiating with X-rays over different area 
ranging from 0.63 to 25 cm2.
ÅObserved a logarithmic gain drop increase with the surface
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Surface resistivity of 
about 20-ΟΜШШ~̡оsq
with grounding 
connections dots vias 
every 8 mm  

Scaling up to 40 x 50 
cm2  for 3 MHz/cm2 of 
high ionizing particle 
leads the gains drop to 
less than 30%
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Test-beam results
ÅSeveral test-beams 

have been carried over 
ten years.
ÅTypical setup with: 
Å2 scintillator for trigger
Å2 resistive strip 

micromegas for 
independent tracking

ÅMuons or pions beams 
from CERN SPS  
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Spatial resolution
ÅSpatial resolution is measured from the cluster 

residuals with respect to the fitted track 
obtained from tracking chambers.
ÅThe cluster position is evaluated as the centroid 

of the collected charges on the pads. 
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ÅThe parameter p is chosen minimizing the width of the 
distribution;
ÅThe improvement is of about 35% reaching  a resolution of 65 

um for medium size chamber with pad size of 1 mm ; 
ÅSaturation of front-end electronics degrades the resolution at 

high amplification voltage and makes this technique useless.
ÅStatistical uncertainty negligible, systematic one quoted 5% 

(fitting procedure) 

Paddy400
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Time resolution
ÅUsing two medium size chambers with a common cathode 

configuration, and ArтCF4тiC4H10 (88т10т2) gas mixture, time 
resolution has been measured as the width of the difference of the 
cluster time for the same track crossing both detectors.
ÅInclined tracks have been used, and the contribution of the 

electronics is still included 
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Efficiency
ÅEfficiency is measured looking for fired cluster 

around the extrapolated track. 
ÅFor perpendicular tracks, inefficiency is due to 

pillars, whose size depends on each detector, 
ranging from 0.3 to 0.7 mm 
ÅOutside pillars region, or with inclined tracks, 

efficiency is close to 100%
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DLC20 (pillar size 0.3 mm)

Paddy400
perpendicular tracks

Paddy400
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Large area prototype preliminary results
ÅChamber tested for the first time six months ago at CERN H4
ÅPreliminary results show performances very close to all the other 

prototypes
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Capacitive sharing readout
ÅA capacitive sharing of the collected charge 

can be used to reduce the number of readout 
channels preserving the spatial resolution.
ÅOriginal idea by R. De Oliveira and K. Gnanvo

et al., NIMA 1047 (2023) 167782
ÅFirst prototypes built and tested with a single 

DCL resistive layer divided in two halves:
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ÅSide-L: four stages of capacitive sharing in four layers
ΝЮΞΡǂΝЮΞΡШůůΞШӛШΞЮΡǂΞЮΡШůůΞШӛШΡǂΡШůůΞШӛШΝΜǂΝΜШůůΞ

ÅSide-S: three stages of capacitive sharing in four layers
ΝЮΞΡǂΝЮΞΡШůůΞШӛШΞЮΡǂΞЮΡШůůΞШӛШΡǂΡШůůΞШӛШΡǂΡШůůΞ
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Capacitive sharing
ÅSpatial resolution defined as half of the 

width around the maximum of residual 
distribution containing  68% of the event.
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Very promising results:

for 10x10 cm2 pads
1/26 of pad size

for 5x5 cm2 pads
1/23 of pad size
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Technology Transfer to industry
ÅBulking a Micromegas, i.e. how to trap and sustain the mesh in the 

pillars, is a nonstandard PCB production process that requires 
experience and, above all, time: that means costs!
ÅIn 2022 we started a collaboration with ELTOS S.p.A. an Italian 

company leader in manufacturing PCB, that was already involved 
in ATLAS Micromega production.
ÅThe aim of the collaboration is to transfer the technology of the 

most critical steps to the industry to simplify, automatize and 
possibly reduce the costs.
ÅAfter a first single DLC small detector production, a new batch of 

production has been done in ELTOS in June 2024. 
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Technology Transfer to industry
ÅThe produced prototypes were operational after first assembly/closure, 

though with some instabilities that has been solved by experts (the process 
need to be perfectioned)
ÅPerformances measured with Fe55 sources and in test-beam campaign are 

comparable with detectors produced at CERN
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preliminary

„= 400 um
pad size 1.6 mm
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The horizon of the project  

ÅAfter 10 years of studies, several prototypes designed, built and tested, 
achieving impressive performance in terms of:
ÅRobustness and stability during operations;
ÅVery high-rate capability (gain drop < 20%  up to 10 MHz/cm2) with double DLC resistive 

layer;
ÅVery good spatial resolution (~70 um with a pad size of 1 mm);
ÅVery good time resolution (5-6 ns with high drift velocity);
ÅVery good efficiency (~100% for inclined tracks), only geometrically limited by pillars in 

case of perpendicular tracks.
ÅExploited different layouts to cope with different requirements:
ÅIn case of low-medium rate, capacitive sharing read-out can help maintaining good 

resolution drastically reducing  the number of channels.
ÅStarted a fruitful technological transfer collaboration with ELTOS company 

(Italy) for producing the "bulk resistive micromegas" in industry:
ÅVery promising results from first prototype
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The horizon of the project  
ÅPossible application in HEP:
ÅVery forward muon tracking extension in existing experiments;
ÅMuon tracking/tagger or TPC for next accelerators (FCC-ee, Muon Collider, 

FCC-hh);
ÅExpression of Interest submitted for both ALLEGRO and IDEA muon systems;

ÅReadout element for sampling calorimeter (see L. Generoso poster);
ÅProton structure тQCD Physics with AMBER (see C. Alice poster).
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The horizon of the project  
ÅIntense program for next years:
ÅInvestigate the limit of the capacitive sharing balancing number of 

layers/pad-size/signal response; 
ÅOptimisation of the resistive protection scheme - Understand the limits 

of single DLC foil for large size modules (resistivity / detector-size / 
Voltage drop) 
ÅAdvance the technology transfer for construction in the industry; 
ÅOptimisation of readout electronics. 
ÅEnhancement of time resolution while minimizing the use of high-GWP 

gases. 
ÅAgeing studies, aimed at ensuring the integrity and operational stability 

of the systems over extremely long data-taking periods. 
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Thanks for the attention
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Backup slides
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Our ancestor: Resistive Micromegas for 
ATLAS New Small Wheel upgrade

ÅA metallic micro mesh separates 
the drift volume (2-5 mm thick) 
from the amplification volume 
(~100 ͓ ůthick);
Åelectrons and ions produced in the 

amplification volume are collected 
in ~1 ns and ~100 ns respectively;
Åspatial resolution < 100 ͓ ů

independently from the incoming 
track angle;
Åresistive anode strips on the top of 

the readout strips (with insulator in 
between) to suppress discharges.
ÅThe "ATLAS" resistive strip 

micromegas with a wide surface 
(about 2 m2) will operate at a 
moderate rate of about 20 
KHz/cm2.
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DLC SBU procedure
ÅSequential build up allows a better 

alignment of the conducting vias 
below the pillars increasing 
detector stability
ÅUse of copper-clad DLC foils
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Resistive layout schemes
ÅMixed DLC тScreen printing

20/02/25 M. Della Pietra 29



Resistive High Granularity Micromegas for Future Detectors  - VC!2025

Medium size detector sketch
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Summary of construction parameters
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Experimental setup in lab

20/02/25 M. Della Pietra 32



Resistive High Granularity Micromegas for Future Detectors  - VC!2025

Energy resolution vs gain
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Ion Back Flow measurements
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Decrease with rate and with Vamp
Inverse dependancefrom Eamp/Edrift
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Rate capability vs resistivity and vias pitch

20/02/25 M. Della Pietra 35



Resistive High Granularity Micromegas for Future Detectors  - VC!2025

Spatial resolution
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Spatial resolution vs Drift gap size
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need higher gain with 1.5 mm drift gap to reach full efficiency (as expected)


