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Ø Overview of FCC detector-related activities in Italy

Ø rd_fcc@lists.infn.it – attività FCC in Italia

Ø FCC-PED-DetectorConcepts-Idea@cern.ch – detector concept IDEA

Ø fcc_roma2@lists.roma2.infn.it – mailing lost interna a Roma2

Ø https://agenda.infn.it/event/49076/ – collaboration meeting RD_FCC (12/25)

Ø https://agenda.infn.it/event/50492/ - primo pomeriggio tematico organizzato 
da Roma 1 (18 Maggio)

Ø https://agenda.infn.it/event/50493/ - secondo pomeriggio tematico
organizzato da Roma 1 (15 Giugno)

Ø https://indico.cern.ch/event/1552126/overview - FCC week
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RD_FCC in Italy
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How to get involved
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How to get involved

● As a bonus, signing up to any of the above adds you to 
"FCC-PED-DetectorConcepts@cern.ch". For free! Not even a click!

● Indico categories have been created for Detector Subsystems and 
Concept Studies 

● FCC-PED homepage with upcoming meetings
● Indico meeting calendar

Group name Email Signup Indico

Calorimetry FCC-PED-DetectorConcepts-Calorimetry@cern.ch click click

Luminometry FCC-PED-DetectorConcepts-Luminometry@cern.ch click click

Magnet FCC-PED-DetectorConcepts-Magnet@cern.ch click click

Muon FCC-PED-DetectorConcepts-Muon@cern.ch click click

TDAQ FCC-PED-DetectorConcepts-TDAQ@cern.ch click click

Tracker & PID FCC-PED-DetectorConcepts-Tracker@cern.ch click click

ALFA FCC-PED-DetectorConcepts-ALFA@cern.ch click click

ALLEGRO FCC-PED-DetectorConcepts-ALLEGRO@cern.ch click click

CLD FCC-PED-DetectorConcepts-CLD@cern.ch click click

IDEA FCC-PED-DetectorConcepts-IDEA@cern.ch click click

ILD FCC-PED-DetectorConcepts-ILD@cern.ch click click
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Original presentation with all the links

https://indico.cern.ch/event/1664040/contributions/6995582/attachments/3238779/5836763/Detector%20Concepts%20Monthly%20May%202026.pdf


FCC integrated program – timeline 
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FCC layout
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4 experimental areas
Point A
Point D
Point G
Point J



Stage 1: FCC-ee
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The physics of FCC-ee
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Physics requirements
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Detector requirements
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FCC-ee detector concepts
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Silicon tracking in IDEA
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Ø Attilio Andreazza (Milano), Fabrizio Palla (Pisa)

Ø 2028 – 2030: Narrow down to just a couple of vertex detector concepts as 
input to detector CDRs, and to be studied in more detail in the TDR phase



IDEA (and ALLEGRO) layout
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Ø ARCADIA à TO, PD

Ø ATLASPix3 à MI

Ø System integration à PI, LNF

Ø Air cooling à PI



The drift chamber
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I. Vivarelli - DIS2026 - 5 May 2026

(see Figure 2).
A system of tie-rods directs the wire tension stress to the outer endplate rim,
where a cylindrical carbon fibre support structure bearing the total load is
attached. Two thin carbon fibre domes (”gas envelope”), suitably shaped to
minimise the stress on the inner cylinder and free to deform under the gas pres-
sure without a↵ecting the wire tension, enclose the gas volume.
This assembling technique allows to manage large number of wires with con-
siderably simplified procedures and it has been successfully applied to the con-
struction of the MEG2 drift chamber.

Figure 1: Schematic representation of the separation between gas containment
and wire tension relief. In evidence the ”wire cage” and the ”gas envelope”.

Figure 2: Schematics from the MEG2 drift chamber construction to illustrate
how the chamber is built: printed circuit boards (in green), to which the wires
are soldered, are stacked radially alternating with spacers (in red), which set
the proper cell dimensions.

4

Light-weight tracking - Drift chamber
Tracking with drift chamber (similar in concept to MEG II chamber). 

• Requirements mainly arising from recoil mass measurements and Z 

boson width. 

• Minimising multiple scattering, adding only 2% X0 to material in front 

of calorimeter.

• Single point precision better than ~ 100 μm. Up to 112 on each track.

• Max drift time 350 ns.

• Particle ID via cluster counting technique yields interesting 

performance. 

9

INFN Bari, 
Lecce



The IDEA Silicon wrapper
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Ø Enrico Robutti (Genova)



Resistive Silicon Detectors
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RD_FCC Collaboration Meeting16/12/2025

Monolithic RSDs
All RSD productions so far oriented to hybrid devices

- though no dedicated ASIC developed yet for hybridisation


However, for very large areas, cost of silicon and hybridisation becomes dominant

⟹ especially interesting to explore monolithic options

Gain structure inclusion in CMOS 
process already demonstrated in 
ARCADIA production

From simulations, RSD technology 
can be implemented in standard 
CMOS platform

Plan to have first engineering run in 
110 nm CMOS technology next 
months

12

IV. Monolithic CMOS-RSD

M. Mandurrino, INFN FCC-ee Workshop: Tracking Detectors and Software, BNL, 7–9 May 2025 12

To combine the RSD performance with the advantages of a monolithic integration, 
we started developing CMOS-RSDs

(a)

p-gain p-gainJTE JTE
p-stop

(b)

p-gain
n+-cathode

AC-pad AC-pad AC-pad DC-contact

LGAD

RSD

electrode electrode

coupling
oxide

n++-cathode
oxide

JTE+

MAPS w/ gain RSD

CMOS-RSD
► 110 nm CMOS technology parameters
► µm-level spatial resolution
► 10-20 ps temporal resolution
► low power density (∼10 mW/cm2)
► low material budget
► low cost per unit area
► scalable technology
► low complexity (w.r.t. std. integration)

Pending patent (and extent of 
protection) on the technology 
enabling the RSD embodiment 
into the standard CMOS process

see M. Mandurrino at FCC-ee workshop, 
BNL, May 7-9, 2025



HTS magnets
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I. Vivarelli - DIS2026 - 5 May 2026

HTS magnet

11

Roughly 1.5  of material between 
the calorimeters

X0

From analytical evaluations:  
• B= 3 T, =2.5 m e L=6 m  18.65 MA-turns 

Peak field on the conductor equal to 3.37 T  
• Considering HTS REBCO tape in pure aluminum or aluminum alloy 

stabiliser.  
• Internal radius increased to allow for EM Calorimeter. 
• Dual readout ferromagnetic HCal implemented in the computation 

model! 

•

να ×

Parameter Value

Bore Field 3 [T]

8068 [A]

Coil Thickness 91.7 [mm]

Turns 1760 (220x8)

Inductance 12.4 [H]

Stored Energy 402 [MJ] 
19.41 [kJ/kg]

Operating 
Temperature

20 [K]

I. Vivarelli - DIS2026 - 5 May 2026

HTS magnet

11

Roughly 1.5  of material between 
the calorimeters

X0

From analytical evaluations:  
• B= 3 T, =2.5 m e L=6 m  18.65 MA-turns 

Peak field on the conductor equal to 3.37 T  
• Considering HTS REBCO tape in pure aluminum or aluminum alloy 

stabiliser.  
• Internal radius increased to allow for EM Calorimeter. 
• Dual readout ferromagnetic HCal implemented in the computation 

model! 

•

να ×

Parameter Value

Bore Field 3 [T]

8068 [A]

Coil Thickness 91.7 [mm]

Turns 1760 (220x8)

Inductance 12.4 [H]

Stored Energy 402 [MJ] 
19.41 [kJ/kg]

Operating 
Temperature

20 [K]I. Vivarelli - DIS2026 - 5 May 2026

HTS magnet

11

Roughly 1.5  of material between 
the calorimeters

X0

From analytical evaluations:  
• B= 3 T, =2.5 m e L=6 m  18.65 MA-turns 

Peak field on the conductor equal to 3.37 T  
• Considering HTS REBCO tape in pure aluminum or aluminum alloy 

stabiliser.  
• Internal radius increased to allow for EM Calorimeter. 
• Dual readout ferromagnetic HCal implemented in the computation 

model! 

•

να ×

Parameter Value

Bore Field 3 [T]

8068 [A]

Coil Thickness 91.7 [mm]

Turns 1760 (220x8)

Inductance 12.4 [H]

Stored Energy 402 [MJ] 
19.41 [kJ/kg]

Operating 
Temperature

20 [K]

INFN 
Roma1, 
Milano



Hybrid dual-readout calorimetry
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Hybrid dual-readout calorimetry in the IDEA detector

● A cost-effective homogeneous 
dual-readout segmented crystal 
EM calorimeter in the IDEA detector

● First studies and concept descriptions in:
○ Conceptual design: 2020 JINST 15 P11005

○ Jet performance: 2022 JINST 17 P06008

○ New IDEA baseline since March 2025: 
arXiv:2502.21223

● Activity at 360 degrees:
○ Simulation studies (from standalone to full sim)
○ R&D on technology and proof-of-principle
○ Prototyping of a calorimetric module

3

18/05/2026 FCC-ee detector requirements and IDEA - Paolo Giacomelli 

Dual Readout Calorimetry

27

Alternate 
Cherenkov fibers 
Scintillating fibers

Newer	DR		calorimeter		
(	bucatini	calorimeter)

~2m long capillaries

18/05/2026 FCC-ee detector requirements and IDEA - Paolo Giacomelli 

Dual Readout Calorimetry

27

Alternate 
Cherenkov fibers 
Scintillating fibers

C = E[fem + (h/e)C(1   fem)]
S = E[fem + (h/e)S(1   fem)]

E = S   𝑅C
1   𝑅

𝑅 = 1   (h/e)S

1   (h/e)C
with:

Newer	DR		calorimeter		
(	bucatini	calorimeter)

~2m long capillaries

❖ Measure simultaneously: 

➢ Scintillation signal (S) 

➢ Cherenkov   signal (Q)

❖ Calibrate both signals with e-

❖ Unfold event by event fem to obtain 

corrected energy



Hybrid dual-readout calorimetry
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I. Vivarelli - DIS2026 - 5 May 2026

Dual readout calorimetry

• Non-compensating calorimeters: response to em part 
different from that to non-em part. h/e < 1.


• <fem> energy dependent ⇒ Non-linear calorimeter 
response to hadrons. The response depends on the shower 
details: different response for different particle types.  

12

40 60 80 100 120 140 160
Reconstructed energy (GeV)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

En
tri

es
 / 

su
m

 o
f e

nt
rie

s

By measuring fem event-by-event 
one recovers the linearity

… independently of the hadron type

I. Vivarelli - DIS2026 - 5 May 2026

Dual readout calorimetry

• Non-compensating calorimeters: response to em part 
different from that to non-em part. h/e < 1.


• <fem> energy dependent ⇒ Non-linear calorimeter 
response to hadrons. The response depends on the shower 
details: different response for different particle types.  

12

40 60 80 100 120 140 160
Reconstructed energy (GeV)

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

En
tri

es
 / 

su
m

 o
f e

nt
rie

s

By measuring fem event-by-event 
one recovers the linearity
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Ø Non-compensating calorimeters: response 
to em part different from that to non-em
part à h/e < 1

Ø <fem> energy dependent à Non-linear 
calorimeter response to hadrons. The 
response depends on the shower details: 
different response for different particle 
types

Ø HiDRa project (Bologna, Catania, Milano, 
Pavia, Pisa, Roma 1, TIPFA) – test beam



Muon detector: 𝝁RWELL
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The μ-RWELL: detector scheme
The μ-RWELL is a Micro Pattern Gaseous Detector (MPGD) composed of only two elements: the μ-RWELL_PCB and the
cathode. The core is the μRWELL_PCB realized by coupling three different elements:

1

2

3

a resisitive DLC layer(*) (Diamond Like Carbon) for discharge 
suppression w/ surface resistivity ~ 50÷100 MΩ/□

1 a WELL patterned kapton foil acting as
amplification stage (GEM-like)

2

3 a standard readout PCB (*) The DLC foils are currently provided by CID DLC machine @ CERN

1
3

[13] G. Bencivenni et al. JINST 2015 10 P02008
13M. Poli Lener - RD_FCC Italia
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I. Vivarelli - DIS2026 - 5 May 2026

Muon detector : µ-RWELL technology

16

Modular assembly with a large array of 50x50 cm2 2D µ-

RWELL detectors (tiles) 

-RWELL include: ν

[R. Farinelli et al 2025 JINST 20 C06064

The results are promising and the layouts already satisfy the 
performance requirements, although some optimisations are possible

reference

optical system

Vantaggi:
Carica letta: 1-50 fC

Basso livello di rumore (~1 fC)
Rate sostenuto: 60 kHz per canale

Risoluzione dei TDC < 50 ps
Potenza assorbita: ~12 mW/ch

La -RWELL consiste in un rivelatore MPGD con un singolo stadio di 
amplificazione resistivo, 
composto da un catodo e un 
PCB multistrato.

develped for BESIII CGEM-IT

Il rivelatore di muoni

Prossimi passi

Requisiti:
• Efficienza > 98%
• Risoluzione spaziale < 400 m
• Affidabilità
• Facile realizzazione
• Produzione su larga scala → trasferimento tecnologico 
• Ridotto costo per l’elettronica → ASIC progettato ad-hoc

Schema:
• Rivelatori -RWELL da 50x50 cm2 con lettura X-Y 
• Area: 1525 m2

• Canali: ~ 6 M

Bobine di ritorno

Rivelatori -RWELL

Performance richieste:
• Efficienza > 98%
• Risoluzione spaziale < 100 m
• Rate sostenuto ~ 0,1-10 MHz/cm2

Componenti del PCB multistrato:
• lamina di Kapton con 

micro-pozzi come stadio di 
amplificazione 

• foglio di carbonio resistivo (DLC): 
𝜌 ~ 50 ÷ 100 𝑀Ω/

• PCB con lettura 1D dei segnali

• Le configurazioni di lettura 2D 
sono state testate utilizzando 
l’ASIC APV25

• Ciascuna configurazione ha 
pregi e difetti

Lettura 2x1D:
ꭗ Ingombro meccanico non 

ottimizzato
✓ Buone performance

• Le configurazioni per una lettura 2D richiedono ulteriore ottimizzazione
• Le performance del rivelatore -RWELL con TIGER e APV25 sono 

comparabili
• E’ in corso lo sviluppo di TORA (Torino Readout for AMBER): un ASIC di 

nuova generazione per le lettura di rivelatori MPGD
• L’esperienza guadagnata con TIGER sarà di grande importanza per 

l’ottimizzazione di TORA per rivelatori -RWELL

Funzionamento :
1. Una particella carica ionizza il gas
2. Gli elettroni primari derivano

verso il PCB di lettura (anodo) 
dove avviene la moltiplicazione,
mentre gli ioni si muovono verso il 
catodo

3. Il segnale è indotto 
capacitivamente sulle strip di 
lettura attraverso il DLC

Il rivelatore IDEA

La tecnologia -RWELL

Contatto: francesco.chiapponi@bo.infn.it

Lettura 2D

Risultati dei test

Bibliografia
• G. Bencivenni et al., The micro-Resistive WELL detector: a compact spark-protected single 

amplification-stage MPGD, 2015 JINST 10 P02008 
• G. Bencivenni et al., The μ-RWEL detector, 2017 JINST 12 C06027 
• R. Farinelli et al., μ-RWELL muon system and pre-shower for FCC-ee, Journal of Instrumentation, 

2024, 19 P07031. 
• A. Amoroso et al., The CGEM-IT readout chain 2021 JINST 16 P08065

• Identifica e ricostruisce i muoni attraverso tre strati di rivelatori 
• Ricostruisce tracce dal decadimento di LLP

La tecnologia -RWELL 
per il rivelatore di muoni di IDEA
Francesco Chiapponi[1], per il µ-RWELL muon system group di IDEA

[1]INFN - Sezione di Bologna, Italia
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-RGRoove

ASIC TIGER come alternativa ad APV25:
• Sviluppato per la lettura delle CGEM 

nell’esperimento BESIII
• Testato con prototipo di -RWELL da 40x5 cm2
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Sono sotto studio diversi approcci per una lettura 
bidimensionale delle -RWELL
1. due camere 1D accoppiate con strip di lettura 

ortogonali
2. Pad di lettura ad accoppiamento capacitivo
3. strip 1D collocate sullo strato «TOP» in 

aggiunta a quelle nel PCB
4. strato di kapton scavato per formare strisce 

anziché pozzi, con lo strato «TOP» che fornisce 
una coordinata di lettura

1
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Lettura Capacitive Sharing:
ꭗ Richiede guadagno maggiore
✓ Numero di canali ridotto
Lettura «TOP»:
ꭗ Efficienza ridotta per 

l’introduzione di zone passive
✓ Risoluzione e guadagno 

buoni
-RGroove :
ꭗ Richiede guadagno maggiore
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• Ridotto costo per l’elettronica → ASIC progettato ad-hoc

Schema:
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Bobine di ritorno
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Performance richieste:
• Efficienza > 98%
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• Rate sostenuto ~ 0,1-10 MHz/cm2

Componenti del PCB multistrato:
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nuova generazione per le lettura di rivelatori MPGD
• L’esperienza guadagnata con TIGER sarà di grande importanza per 

l’ottimizzazione di TORA per rivelatori -RWELL

Funzionamento :
1. Una particella carica ionizza il gas
2. Gli elettroni primari derivano

verso il PCB di lettura (anodo) 
dove avviene la moltiplicazione,
mentre gli ioni si muovono verso il 
catodo

3. Il segnale è indotto 
capacitivamente sulle strip di 
lettura attraverso il DLC
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Lettura 2D
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Bibliografia
• 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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• Identifica e ricostruisce i muoni attraverso tre strati di rivelatori 
• Ricostruisce tracce dal decadimento di LLP

La tecnologia -RWELL 
per il rivelatore di muoni di IDEA
Francesco Chiapponi[1], per il µ-RWELL muon system group di IDEA

[1]INFN - Sezione di Bologna, Italia
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-RGRoove

ASIC TIGER come alternativa ad APV25:
• Sviluppato per la lettura delle CGEM 

nell’esperimento BESIII
• Testato con prototipo di -RWELL da 40x5 cm2
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Sono sotto studio diversi approcci per una lettura 
bidimensionale delle -RWELL
1. due camere 1D accoppiate con strip di lettura 

ortogonali
2. Pad di lettura ad accoppiamento capacitivo
3. strip 1D collocate sullo strato «TOP» in 

aggiunta a quelle nel PCB
4. strato di kapton scavato per formare strisce 

anziché pozzi, con lo strato «TOP» che fornisce 
una coordinata di lettura
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Lettura Capacitive Sharing:
ꭗ Richiede guadagno maggiore
✓ Numero di canali ridotto
Lettura «TOP»:
ꭗ Efficienza ridotta per 

l’introduzione di zone passive
✓ Risoluzione e guadagno 

buoni
-RGroove :
ꭗ Richiede guadagno maggiore
✓ Eliminate le zone passive
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Distribuzione delle soglie per 64 canali di un ASIC
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Vantaggi:
• Carica letta: 1-50 fC
• Basso livello di rumore (~ 1 fC)
• Rate sostenuto: 60 kHz per canale
• Risoluzione dei TDC < 50 ps
• Potenza assorbita: ~ 12 mW/ch
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Muon detector : µ-RWELL technology

16

Modular assembly with a large array of 50x50 cm2 2D µ-

RWELL detectors (tiles) 

-RWELL include: ν

[R. Farinelli et al 2025 JINST 20 C06064

The results are promising and the layouts already satisfy the 
performance requirements, although some optimisations are possible

Work performed on electronics 
and related test beam

M. Ali, G. Bencivenni, D. Cabiati, F. Chiapponi, C. Cibinetto, E. De Lucia, 
E. Di Fiore, D. Falchieri, R. Farinelli, M. Gatta, P. Giacomelli, M. Giovannetti, F. Giulietto, 

M. Greco, F. M. Melendi, G. Mezzadri, G. Morello, M. Poli Lener, M. Scodeggio

https://iopscience.iop.org/article/10.1088/1748-0221/20/06/C06064


Muon detector: LEMUR
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2504.10448

Next step is to do more detailed studies 
at the DRD4 test beam in July 26

Fabio Anulli, Alessandra Betti, Cesare Bini, Massimo Corradi, Claudio Luci, Luca Martinelli, 
Aleandro Nisati, Matteo Pantalena, Stefano Rosati, Riccardo Vari, Stefano Veneziano

Università di Roma La Sapienza and INFN Sezione di Roma

LEMUR: Muon trigger and tracking detector with 
scintillators

Fabio Anulli, Alessandra Betti, Cesare Bini, Massimo Corradi, Claudio Luci, Luca Martinelli, 
Aleandro Nisati, Matteo Pantalena, Stefano Rosati, Riccardo Vari, Stefano Veneziano

Università di Roma La Sapienza and INFN Sezione di Roma

LEMUR: Muon trigger and tracking detector with 
scintillators

https://arxiv.org/abs/2504.10448


Muon detector: Resistive Micromegas
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SPS-H4  November 2025 – detector setup

All Resistive Micromegas
- 3 trackers
- 6 Detectors under test

Gas Mixtures: 

- Ar-CO2-iC4H10 (93-5-2) [Nominal]

- Ar-CF4-iC4H10 (88-10-2)

- Ar-iC4H10 (98-2)

Front-end/DAQ: 

- APV25 / SRS

Trigger:

- Two scintillators 10x10 cm2

Scint1 Scint2

Beam

M. Iodice – RD_FCC Collaboration Meeting  – Bologna, 17 Dec 2025 12

Resistive Micromegas for Muon Systems at FCC-ee

Bologna 17/12/2025

1

RD_FCC Annual Meeting

Mariagrazia Alviggi, Michela Biglietti,
Kacper Chmiel, Massimo Della Pietra,
Camilla Di Donato, Roberto Di Nardo,
Ada Farilla, Mauro Iodice, 
Paolo Iengo, Romano Orlandini, Simone 
Perna, Givi Sekhniaidze

INFN
Roma Tre
&
Napoli

Ø EoI ID0084 Resistive Micromegas detectors for Muon systems at FCC-ee

Ø Setup for the SPS-S4 test beam in November 2025
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IDEA full-simulation status 
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Ø Detector fully simulated in FCC software (key4hep)

Ø A new calorimeter system simulation made of dual-readout crystals and 
optical fibers in absorber tubes was developed and led to the creation of a 
new full-simulation: IDEA_option2

Ø Preliminary results on IDEA_o2 calorimetry performance are encouraging

Ø The IDEA drift chamber software is evolving towards a more refined 
digitization that fixed the simHit to digiHit relation, and a ML-based 
reconstruction algorithm is under development

Ø The vertex simulation is mature and a refined digitizer for charge sharing in 
pixels is under development

Ø The IDEA muon system simulation showed excellent performance in terms of 
efficiency and promising results in terms of momentum resolution


