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IDEA detector layout

Beam pipe: 𝑅~1.0 𝑐𝑚

VERTEX: 5 MAPS layers
𝑅 = 1.2 − 34 𝑐𝑚

Drift Chamber:   
112 layers, 4m long, 
𝑅 = 35 − 200 𝑐𝑚, 
1.6-5% 𝑋0

Outer Silicon 
wrapper: Si strips

Superconducting 
solenoid coil: 2T, 
𝑅~2.1 − 2.4 𝑚,                  
0.74𝑋0,  0.16𝜆 @ 90°

Preshower: ~1 𝑋0

Muon System: 3 layers of m-Rwell

Dual-readout
calorimeter: 2𝑚,  7𝜆𝑖𝑛𝑡

IDEA is a general-purpose detector designed for 
experiments at future e+e- colliders.

The preshower detector and the muon system are 
designed to be instrumented with m-Rwell technology.
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The micro-Resistive well is a resistive MPGD composed of two
elements:

1. Cathode

2. m-Rwell PCB

• a WELL patterned Kapton foil acting as amplification stage

• a resistive Diamond-Like Carbon (DLC) layer, 
𝜌 ~ 50 ÷ 100 𝑀Ω/

• a standard readout PCB with pad or strip segmentation

m-Rwell technology

The well acts as a 
multiplication channel
for the ionization
produced in the drift
gas gap

The resistive stage 
ensures the spark
amplitude quenching

G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-protected single
amplification-stage MPGD, 2015 JINST 10 P02008
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∆𝑉~1150 𝑉

∆𝑉~530 𝑉



Provides high spatial resolution after the 
magnet to improve cluster reconstruction

Foreseen readout:
• Strip pitch: 0.4 mm
• Strip length: 50 cm
• Area : 130 m2

• Channels: 1.3 M 

Requirements:
• Efficiency > 98%
• Spatial resolution < 100 mm

IDEA’s preshower

Example of detector sector made of 
square mRwell tiles overlapped to 
minimise dead area

Layout simulated in DD4HEP

Detector technology:
m-Rwell

50x50 cm2  tiles with X-Y 
readout
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Studies under 
simulation



Identifies muons and searches for LLPs

Requirements:
• Efficiency > 98%
• Spatial resolution < 400 mm

[*] Need for mass production ⟹ Technology Transfer to Industry

Foreseen readout:
• Strip pitch: 1.2 mm
• Strip length: 50 cm
• Area : 1530 m2

• Channels: ~5 M 

[*]

To cover the entire volume 
may be necessary to use 
blocks of different size

IDEA’s muon detector
Layout simulated in DD4HEP

Iron yokes

Detector technology:
m-Rwell

50x50 cm2  tiles with X-Y 
readout
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Studies under 
simulation



m-Rwell technology: readout with TIGER electronics

• TIGER ASIC: developed for BESIII CGEM-IT

• First tests:

• First working setup installed and tested with 
10x10 cm2 m-Rwell prototype 

• 64 channels

• Noise level very low (~1 fC)

• APV25 used for R&D waiting for TIGER 
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Noise (fC)

Courtesy of R. Farinelli

https://iopscience.iop.org/article/10.1088/1748-0221/16/08/P08065
https://agenda.infn.it/event/34841/contributions/208328/attachments/111404/158956/ECFA%20-%20Workshop%20Paestum%20(4).pdf


Test beam results with APV25 : 1D m-Rwell

2021 - Resisitivity scan at fixed pitch
• Active area = 400x50 mm2

• Resistivity = 10-80 𝑴𝜴/

• Strip pitch = 0.4 mm

• Strip width = 0.15 mm

• Pitch/width ratio = 2.66

⟹  Same performance for the 20 − 80𝑀Ω/  
 Efficiency knee at 550 V,   𝝈𝒙 < 𝟏𝟎𝟎 𝝁𝒎
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Farinelli, Riccardo. (2022). The u-RWELL technology at the IDEA detector. 333. 10.22323/1.414.0333. 



Test beam results with APV25 : 1D m-Rwell

2022 - Pitch scan at fixed resistivity
• Active area = 400x50 mm2

• Resistivity = 30 𝑀Ω/

• Strip pitch = 0.4-1.6 mm

• Strip width = 0.15 mm

• Pitch/width ratio = 2.66-10.66

⟹  Larger the strip pitch, lower the charge signal 
requiring a higher gain to reach full efficiency.

 Efficiency knee at 600 V, 𝝈𝒙 < 𝟒𝟎𝟎 𝝁𝒎 
 for 1.6 mm pitch
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2021 - Resisitivity scan at fixed pitch
• Active area = 400x50 mm2

• Resistivity = 10-80 𝑴𝜴/
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Courtesy of M.Poli Lener

https://agenda.infn.it/event/38139/


m-Rwell technology: possible 2D layouts

(*) Y. Zhou et al. NIMA 927 (2019) 31 (*) K. Gnanvo et al. NIMA 1047 (2023) 167782
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• Works at lower gas gain wrt
the «COMPASS» readout

Charge transfer and charge
sharing using capacitive coupling
between a stack of layers or pads
and the readout board.
• Reduces the FEE channels.

• Total charge divided between X 
and Y readout (similar to the 
«COMPASS» readout).

• Good performance

• No easy optimization of 
the charge sharing on X-Y 
views

• Requires higher gas gain 
due to the coupling of the 
X and Y strips

• Works like 2x1D with a lower 
gas gain

• X-Y readout are decoupled

• X coordinate on the TOP of the 
amplification stage introduces
same dead zone in the active
area



m-Rwell technology: possible 2D layouts
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between a stack of layers or pads
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• Total charge divided between X 
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• Works at lower gas gain wrt
the «COMPASS» readout

• Works like 2x1D with a lower 
gas gain

• X-Y readout are decoupled

• X coordinate on the TOP of the 
amplification stage introduces
same dead zone in the active
area



Test beam results with APV25 : 2D m-Rwell

Active area = 100x100 mm2

Resistivity = 50 𝑀Ω/
Strip pitch = 0.76 mm
Strip width = 0.3 mm
Pitch/width ratio = 2.53

Efficiency knee at 500 V, 
𝝈𝒙 < 𝟐𝟎𝟎 𝝁𝒎
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2 x 1D readout

Courtesy of M.Poli Lener

https://agenda.infn.it/event/38139/


Test beam results with APV25 : 2D m-Rwell

Active area = 100x100 mm2

Resistivity = 50 𝑀Ω/
Strip pitch = 1.2 mm
Strip width = 1.1 mm
Dead zone = 0%

Active area = 100x100 mm2

Resistivity = 50 𝑀Ω/
Strip width = 0.7 mm
Y Strip pitch = 0.8 mm
X Strip pitch = 1.5 mm
Dead zone ~ 15%

Preliminary results
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Capacitive 
Sharing readout

TOP readout

Courtesy of M.Poli Lener

https://agenda.infn.it/event/38139/


Test beam results with APV25 : 2D m-Rwell

Preliminary results

• Total charge is divided 
between X and Y views

• Cluster size increases up 
to 4 strips (proof that the 
charge sharing mechanism 
works)

• Efficiency knee at 600 V

• High efficiency plateau 
(~95%) 

• Spatial resolution 
improves at higher gain 
reaching 150 mm with a 
strip pitch of 1.2 mm

• The total charge is not 
divided between X and Y 
strips 

• Cluster size does not 
change on X  axis (TOP 
layer), while improves on 
the Y  axis, due to the DLC 
spread

• Efficiency knee at 500 V 
(like the 1D prototype)

• Low efficiency plateau 
(~70%) due to the dead 
area introduced by TOP 
readout

• Digital spatial resolution 
on the X axis (strip size 1.5 
mm), improving on the Y 
axis
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Capacitive 
Sharing readout

TOP readout

Courtesy of M.Poli Lener

https://agenda.infn.it/event/38139/


Technology transfer with ELTOS*

Eltos | Circuiti Stampati 
Professionali
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*

• Financed by AIDAInnova and carried on by LNF

Detector design

DLC foil production

m-Rwell PCB:
• PCB production
• DLC patterning 
• DLC gluing

DLC Magnetron 
Sputtering machine 
co-funded by    
INFN-CSN1

MPT Workshop @

Final assembly

• TOP copper patterning
• Kapton etching 

https://eltos.com/


2024 Program

[*] These studies have been performed with 
GEM detector but never with m-Rwell. 
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Test

Production

Development

Study

• Study gas gain optimization with different geometries of the 
amplification stage (pitch well, external/internal well diameters) with 
100x100 mm2 prototypes. [*]

• With a reduction of the well pitch from 140 mm to 90 mm, a possible 
increase of the gas gain of about 2 is foreseen.

Development of a new ASIC based on the knowledge acquired with TIGER

n°2 500x500 mm2 prototypes (second half of 2024): the choice of 2D 
layout will be based on the results obtained in the previous test

• Equipe a m-Rwell chamber with TIGER.
• Beam test at CERN on 40x5 mm2 prototype with TIGER readout.
• Test at LNF with X-ray and cosmics (with tracking system).



The End
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IDEA geometry
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IDEA’s Muon System

Starting from a simple cylindrical shape for both 
Muon System and Preshower, it is possible to 
simulate different layouts for the detectors.
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Charge collection and multiplication
R

e
sisitiv

ity
 

Charge distribution for different r

• The “WELL” acts as a multiplication channel for the ionization produced in the gas of the drift gap

• The charge induced on the resistive layer is spread with a time constant

𝐶 = 𝜀0 × 𝜀𝑟 ×
𝑆

𝑡
≅ 50 𝑝𝐹/𝑚   

 (pitch width 0,4 mm)

G.Bencivenni et al, NIM A 886 (2018) 36 
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Charge collected by the APV25 on the 
strip readout (resistivity ~ 10 𝑀Ω/ )

APV25 and 400 mm strip pitch: 
capacity = 15 pF

G. Bencivenni et al., NIM A 886 (2018) 36

𝝉~𝝆 × 𝑪



Capacitive Sharing readout: Principle & Motivation (K.GNAVO)

• Vertical stack of pad layers: charge transfer via capacitive 
coupling

• Pads have dedicated position from one layer to the layer 
underneath

• Doubling in size at each layer

• Transverse sharing of the charges between neighbouring pads 
of layer (i+1) from vertical charge transfer from layer (i)

• The scheme preserves spatial information i.e. the spatial 
resolution obtained with the largest readout strips or pads.

 ⟹ Goal: 50 mm for 1 mm strip r/o
  150 mm for 1 cm2 pad r/o

• Proof of  concept established with 800 mm X-Y strips

AIM:

• Develop high performance and low channel count readout 
structures for MPGDs

• Reduce the number of readout electronic channels for large 
area MPGDs

• Low-cost technology for large area and standard PCB 
fabrication techniques
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