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2025 Planning: Detector, FEE,  Simulation, TB
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FCC Papers & EOI documents
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FCC-PED-Final-Report-Detector-Concepts-branch 🡪 completed

1 page for the Muon apparatus

(Paper on all technology suitable for FCC)
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FCC Papers & EOI documents

3

IDEA_Detector_EUupdate2026  🡪 completed

Paper of  IDEA in FCC

https://www.overleaf.com/project/66bb6199fac6a0dddd45dd4c
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FCC Papers & EOI documents
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2 slides presented @ 8th FCC Physics 
Workshop – 17 January 2025
https://indico.cern.ch/event/1439509/timetable/#b-59
7055-satellite-meeting-pre
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FCC Papers & EOI documents
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The EOI (2 pages) is sent to FCC organization 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µ-RWELL in IDEA
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μ-RWELL for muon apparatus in IDEA
The IDEA detector is a general purpose detector designed for  experiments at future e+e- colliders.
The Muon system are designed to be  instrumented with μ-RWELL technology.
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Muon requirements:

Tiles: 50x50 cm2 with X-Y readout

Efficiency ≥ 98%

Space resolution

                  ≤ 100 ÷ 400 µm (Muon)

Particle Flux 

          < 1 HZ/cm2 (Muon)

Instrumented Surface/FEE:

           1500 m2, 6000 det., 5×106 ch. (1.2 mm strip pitch)

Mass production 🡪 Technology Transfer to Industry

FEE Cost reduction 🡪 custom made ASIC (TIGER, TORA,…..)

 

Italian Institute involved: Laboratori Nazionali di Frascati, Bologna, Ferrara, Torino

Muon system
Reconstruct and tag the muon 

with 3 - 4 layers in between 
the iron return yoke and 

reconstruct LLP

 🡪 to reduce the number of FEE

🡪 average over the whole solid angle
w/out machine background

µ-RWELL pre-shower replace with EC cristalls
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History of µ-RWELL R&D for IDEA
2D layouts optimization

New u-RWELL 
ideas

(in collaboration 
with RD51)

20
21

20
22 20
23

20
09

R&D for FCC start

1D Layout optimization

20
20

IDEA slice test:
DC + pre-shower 

+ dual_calo + 
muon

20
24

2x1D layout

Capacitive Sharing layout

TOP layout

8
electronics optimization
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Research lines for µ-RWELL in IDEA

µ-RWELL 
technology
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Electronics 
integration

Muon system 
simulation in IDEA

- Baseline design with reliable performance (2x1D)
- Large area R&D to validate design and performance
- New µ-RWELL design under evaluation to improve the performance 

and define cutting-edge technology for the muon apparatus

- Evaluation of the performance with existing readout systems
- Minimize the noise in existing readout systems
- Simulate the detector response and study the performance with 

different configuration of detector/electronics
- Defines the µ-RWELL needs to optimize its integration 

with the readout system to improve performance
- Extend the acquired know-how to new readout systems

- Description of the baseline design in IDEA fast and full simulation
- Evaluation of the stand-alone tracking performance for muons
- Suggest possible layout of the muon system and the needed 

performance
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DETECTORS LAYOUT
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TB Analysis finalization -2D layouts – 10x10 cm2

n.2 μ-RWELL 1D [2×1D]

Y-strips

X-strips

Drift gap

Common Cathode

Drift gap

● Lower gas gain w.r.t. the “COMPASS 
R/O” (X / Y are not sharing any charge)

● Tested @ TB2022

● Stack of layers of pad
● Reduce the FEE channels
● The charge is divided between X and Y 

→ Higher gas gain required w.r.t. 1D
● Tested @ TB2023

● Lower gas gain w.r.t. the “COMPASS 
R/O” (X / Y are not sharing any charge)

● The “Top” coordinate introduces dead 
zone in the active area

● Tested @ TB 2023

Capacitive Sharing [*]

Cathode

Drift gap

Cathode

Drift gap

Y-strips

X-strips

Top R/O
[*] K. Gnanvo et al., NIM A 1047 (2023) 167782

Y-strips
X-strips
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TB Analysis finalization -2D layouts @ TB
2D layouts – 10x10 cm2 2D layouts – 10x10 cm2

The results of TB-22-23, where the 2D layouts have been compared, gaving the following results: 
2x1D layout: spatial resolution < 200um (pitch 0.8 mm), low voltage operating point ~520V, efficiency ≥98% (large eff. 
plateau)
CS layout: spatial resolution <200um (with pitch 1.2 mm), very high voltage operating point, ≥ 600V, efficiency ≥98% 
Top layout: spatial resolution < 200um (pitch 0.8 mm), low voltage operating point ~520V, efficiency ~ 70% 
(dead-zone) 12
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R&D program 2025
Solution under study to increase detector stability:

1. µ-RWELL "well optimization" 
🡪 This study was done with GEM detectors but never with uRWELL 🡪 well pitch from 140 µm to 90 µm with an increase in 
gain of about a factor of 2 
🡪 ARRIVED

New layouts under study for Muon systems:

1. (Hybrid) CS µ-RWELL 50X50 CM2
🡪 GEMs PRODUCED IN THE FIRST PART OF 2025

2. µ-RGroove layout
🡪 new layout, where the amplification stage is not based on the «wells» but  on the «grooves». This facilitates the 
realization of the strip readout on the top, without introducing dead-zones (introduced by Z. Yi in RD51). 
🡪 ARRIVED with 2 different layouts ( 3 OR-STRIPS, 2 OR-STRIPS both with 400 um) 

3. "GEM + µ-RWELL CS" (strip)
🡪 GEM pre-amplification stage, to lower the operating point, greatly improving the RWELL stability and maintaining high 
spatial performance with millimetric pitches.
🡪 GEMs PRODUCED IN THE FIRST PART OF 2025

The production of the 2024 layouts has been delayed due to the increased workload at the Rui’s workshop
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CS µ-RWELL layout - 50x50 cm2

During the test we observed that only the half 
of the strip are connected to FEE due a 
problem in the production of the detector 🡪 
send the detector to Rui’s workshop to repair 
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Hybrid µ-RWELL @ preliminary TB
GEM+ 𝜇-RWELL hybrid (G-RWELL) uses a GEM as 
pre-amplifier and allows to reach gas gain larger than 104.

No good sharing between views: 
wrong strip width ratio
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µ-RGroove @ preliminary TB
𝜇-RGroove is the development of the “TOP” layout without 
dead-zone and no sharing between X/Y strips

X strip
s

Y strips

Z. Yi

No good sharing between views: 
wrong strip width ratio

https://indico.cern.ch/event/1413681/contributions/5994709/attachments/2876610/5042827/First%20results%20of%20the%20cylindrical%20%CE%BCRGroove%20prototype%20for%20STCF%20inner%20tracker.pdf
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Detector layout plans 2025
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FRONT END
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Performance with TIGER electronics
Detector under test:

- 4 µRWELL w/ 40 cm strip length 
1D strip pitch of 0.4/0.8/1.2/1.6 mm

Readout under test:
- TIGER FEE (INFN-TO)
- GEMROC FPGA (INFN-FE)

Goals of the testbeam:
- Define the state of art of µRWELL+TIGER for IDEA Muon system 

optimization studies
- Compare the APV-25 performance studies with TIGER
- Performance in Ar:CO2 and Ar:CO2:CF4 comparison
- Collect data to compare experimental measurement and simulation

Measurements:
- Gain scan to evaluate the amplification/saturation/performance
- Drift scan to evaluate the signal collection
- Threshold scan to optimize S/N
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TIGER electronics
• The readout chain consists of ON-detector and OFF-Detector 
electronics

• The OFF-detector electronics is based on GEM Read-Out Cards 
(GEMROC) and Data Low Voltage Patch Cards (DLVPC)

• GEMROC is an FPGA based back-end module for configuring the 
ON-detector electronics, powering it, and managing data flow during
acquisition

The ON-Detector electronics is composed by Front-End-Boards 
(FEBs). Each FEB host two TIGER ASIC chip

• TIGER (Torino Integrated GEM Electronics for Readout) is a 
64-channel mixed signal ASIC capable of performing simultaneous 
charge and time
Measurements

• A cooling system ensures a constant operating temperature
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Performance with TIGER electronics @ TB

Performance confirmed the ones evaluated with APV 25
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Performance with TIGER electronics

Charge [fC]

Effective threshold of 8 fC -> to be optimized
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Noise campaign for TIGER studies

Test of TIGER coupled with micro-RWELL detectors

● Studies of sensible components of the setup

● Noise studies  with different ground-scheme

● Noise studies  with different shielding of sensible components

The test are performed in a simplified system composed of one 
GEMROC e one FEB. The study is still ongoing, but some good 
promising results has been achieved.

An electronic noise of 1 fC is measured on average on the channels 
and an effective threshold improved of a factor 2 is achieved.

Charge [fC]Effective threshold -> 4 fC
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µ-RWELL
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Readout chain HW improvement
1. Frontend board design upgrade

 - better grounding connections
 - remove external protection net (needed for GEM detector)
 - simpler design
 - more stable connectors

2. Improve and test the grounding scheme
 - cleaner scheme with possibility to separate different reference GND (e.g. frontend and readout)
 - improve shielding
 - improve connection with HV
 - test different configuration

PC



22/04/2025 Riccardo Farinelli - R&D plans for the muon detector in 2025 25

Front-End plans 2025
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DETECTOR
SIMULATION
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µ-RWELL detector simulation
Ionization

Electron Drift

Amplification

Resistive

Induction

Readout

Reco
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µ-RWELL simulation results

A simulation with tuned parameters can reproduce the APV results looking 
at the following parameters:

● Total charge collected
● Number of readout channel above threshold
● Efficiency
● Spatial resolution
● and many others
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µ-RWELL simulation plans

Extend the simulation to the TIGER electronics

Scan the parameter of interest to evaluate optimization in a new ASIC, i.e.
● Noise value
● Saturation level (dynamic range)
● Shaping time

And explore new possible sampling methods:
● Double threshold for Time-Walk correction
● Constant fraction discriminator
● Peak finder 
● Multi-sampling



Muon Apparatus
SIMULATION
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Delphes study: Tracks from Standalone Muon-system 

� Tests have been done by emulating LLPs decays in two 
muons in the calorimeter volume @ 3.5 m away from the 
IP, muon maximum PT =45 GeV.

� 10 K events 🡪 20 k muons.

� Cuts on the selected events:

- Choosing only events have two muons at final 
states.

- Maximum PT =100 GeV for combined two muons.

8th FCC Physics workshop
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Delphes study: Tracks from Standalone Muon-system 
Varying number of Detector layers:

� The primarly design of IDEA muon-system consists of 3 
detector layers and 2 return yokes.

8th FCC Physics workshop

6 Layers

5 Layers4 Layers3 Layers

30 cm

10 cm

� All 400 µm space resolution
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Delphes study: Tracks from Standalone Muon-system 
Varying level arm distance:
� The distance between every 

two detectors layers

8th FCC Physics workshop

50 cm

10 cm

� All 400 µm space resolution
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Delphes study: Tracks from Standalone Muon-system 
Varying detector space resolution:
� 4 Layers with level-arm = 50 cm, and only two yokes.

8th FCC Physics workshop

400 µm 300 µm 200 µm

100 µm
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Scanning over transverse momentum:

� To summarize, 4 different muon-system 
apparatuses in comparison.

� # Layers – detector space resolution- level-arm 
distance(cm).

8th FCC Physics workshop
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Conclusion
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µ-RWELL 
technology

Electronics 
integration

Muon system 
simulation in IDEA

- There is always room to optimize the technology, and cutting-edge 
results could significantly enhance its performance. Several 
solutions are currently being developed and they will be tested in a 
test beam

- The development of electronics and detector technologies must 
progress in parallel to fully exploit their combined potential. 
Research activities are currently on going to optimize both the 
front-end board and the readout chain. The test beam planned is 
expected to validate the proposed layout

- A full simulation of the muon system is of fundamental importance 
for defining the detector layout and performance requirements within 
the IDEA concept. The development of dedicated tracking and 
vertexing algorithms will enable a comprehensive characterization of 
the muon system and its potential capabilities


