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Physics requirements
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FCC-ee layout
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4 experimental areas 
(4 experiments) 
Point A 
Point D 
Point G 
Point J



FCC and Italian activities - Paolo Giacomelli 14/10/2025

FCC-ee Detector concepts

4M. Dam



FCC and Italian activities - Paolo Giacomelli 14/10/2025

IDEA Detector concept
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• Many sections of  INFN teamed up and proposed the IDEA detector concept several years ago 

• IDEA was designed to fulfil all the physics and detector requirements foreseen for FCC-ee 

• Provide outstanding performances at all FCC-ee centre-of-mass energy points 

• Z0 peak 

• W+W- threshold  

• HZ peak production 

• ttbar threshold 

• It is an innovative and highly challenging detector concept with beyond the state-of-the-art 

technologies
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Innovative Detector for E+e- Accelerator (IDEA)
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IDEA was proposed some 
years ago by several INFN 
researchers. 
It was the first detector 
conceived specifically for 
FCC-ee. 
It is probably the most 
ambitious of  all 4 detector 
concepts.
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Vertex detector: IDEA
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General integration 

F. Palla
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Italian Accelerator activities
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Italian Accelerator activities
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Silicon tracker
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Inner Vertex detector:	
ARCADIA based (Torino, Milano, 
Padova, Pisa, Perugia)	

Modules of pixel size 25  × 25 µm2

Outer vertex tracker: 	
ATLASPix3 based (Milano)	

Modules of pixel50  × 150 µm2

RSU

Flex circuit	
(power & R/O)

Longeron 

Ring 

216.7 mm active

Also studying curved Silicon layout (ITS3 like)	
~4 smaller material budget for inner vertex

Air cooling studies:	
∆T < 15°C
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✦ Z or H decay muons in ZH events have rather low pt 
❖ Transparency more important than asymptotic resolution
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Drift chamber

13

IDEA DC

(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

3.1 Layer Structure

The active volume of the drift chamber is divided in 14 co-axial super-layers,
each one composed of 8 layers, at stereo angles of alternating signs, for a total of
112 layers, arranged in 24 identical azimuthal sectors. The innermost 8 layers,
constituting the first super-layer, contain N1 = 192 drift cells (8 per sector)
each. In order to maintain an approximately constant cell size, the number of
drift cells in each consecutive super-layer is incremented by 48 (2 in each sector):
Ni = 192+(i�1)⇥48, up to N14 = 816 (34 drift cells per sector), for a total of
56,448 drift cells. The width of the cell, approximately square, varies from about
12mm at the innermost layer to about 14.5mm at the outermost layer. For the
chosen gas, 90%He � 10%iC4H10, this corresponds to about 350ns maximum
drift time for the largest cell size, well below the bunch crossing spacing of 537ns
at the Higgs running mode.
The stereo angle is generated by stringing the wires between two points on the
end plates at the same radius and mutually displaced by two sectors (2↵i =
±30�, see Figure 3). Thus, the stereo angles increase linearly with the layer

Figure 3: Arrangement of a stereo wire.

radius from 20mrad to 180mrad. Because of this configuration, the cell size at
the end plates (z = ±L/2) results larger by about 3.5%, with respect to the cell
size at z = 0, maintaining, however, its aspect ratio identical to 1 at any z. Each
layer consists of three wire sub-layers: an inner and an outer cathode sub-layers
made of 40µm diameter Au coated Al field wires and a middle anode sub-layer
made of alternating sense (20µm diameter Au coated W) and field shaping
(50µm diameter Au coated Al) wires. Two consecutive layers are oriented at
opposite stereo angles. The outer cathode sub-layer of each layer lies at the
same radius as the inner cathode sub-layer of its radially adjacent layer, thus
forming a dense equipotential mesh of cathode wires (Figure 4). Its envelope in
space forms a rotational hyperboloid surface. The resulting large ratio of field
to sense wires of 5 : 1, besides assuring uniformity of response longitudinally,

5

◆ IDEA: Extremely transparent Drift Chamber	
❑ Gas: 90% He – 10% iC4H10	
❑ Radius 0.35 – 2.00 m	
❑ Total thickness: 1.6% of X0 at 90o	

❑ All stereo wires (56448 cells, 343968 wires)	
❖ Tungsten wires dominant contribution	

❑ 112 layers for each 15o azimuthal sector	
❑ max drift time: 350 ns

L = 4m
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Drift chamber

❖ 90% He - 10% C4H10 – All stereo – σ ~ 100 µm 

❖ Small cells, max drift time ~ 350 ns 
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Gas envelope

Wire Cage
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Based on MEG2 experienceBased on MEG2 experience
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Crystal DR calorimeter
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Crystal ECAL with DR calorimeter

16
M. Lucchini
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ECAL crystal calorimeter

● Prepared and coordinated by Napoli (2 tecnici, 2 ricercatori, 3 PhD, 
2 studenti) and MIB groups with participation from Perugia, US and 
CERN 

● Tests with electrons (10-100 GeV), muons, hadrons  
● Tested a variety of  filters and crystals to assess Cherenkov yield 

as a function of  beam angle 
● Plenty of useful data to steer the next R&D steps and 

technological choices for the prototype construction → analysis is in 
progress!

17
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RSD developments 
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Torino
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RSD for Silicon Wrapper
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Genova
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High temperature superconducting magnet
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From analytical evaluations:  
• B= 3 T, =2.5 m e L=6 m  18.65 MA-turns 
Peak field on the conductor equal to 3.5 T  
2D Rotational Symmetry Simulation in COMSOL 

• Iron Yoke BH Curve still to be defined  
• Internal radius increased to allow for EM Calorimeter 

• Still to be discussed coil transparency requirements 

• Coil thickness limited stress on conductor (100 MPa) 
• Dual readout HCal is ferromagnetic  to be implemented in the 

computation model! 

𝑅𝑖 →

Parameter Value

Bore Field
9323 [A]

Coil Thickness 92.3 [mm]
Turns 250x8
Inductance 13 [H]

Stored Energy 556 [MJ]  - 28.2 [kJ/kg]
Operating Temperature 20 [K]
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Alternate 
Cherenkov fibers 
Scintillating fibers

C = E[fem + (h/e)C(1 − fem)]
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E =
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χ =
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~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
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DR fibre calorimeter
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DR fibre calorimeter: mechanical integration
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DR fibre calorimeter 2025 test beam
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µ-RWELL muon detector

25

A. Ilg
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µ-RWELL technology

26

The µ-RWELL is composed of  only two elements: 
•  µ-RWELL_PCB 
•  drift/cathode PCB defining the gas gap 

 µ-RWELL_PCB = amplification-stage ⊕ resistive stage 
⊕ readout PCB 

µ-RWELL operation: 
• A charged particle ionises the gas between the two 
detector elements 

• Primary electrons drift towards the µ-RWELL_PCB 
(anode) where they are multiplied, while ions drift to 
the cathode  

• The signal is induced capacitively, through the DLC 
layer, to the readout PCB 

• HV is applied between the Anode and Cathode PCB 
electrodes 

• HV is also applied to the copper layer on the top of  
the kapton foil, providing the amplification field

(*) G. Bencivenni et al., “The micro-Resistive WELL detector: a compact spark-protected single 
amplification-stage MPGD”, 2015_JINST_10_P02008)

LNF
BOLOGNA
FERRARA
TORINO
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Italian Accelerator activities
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Activities in Bologna

30

DR fibre calorimeter

µ-RWELL

Simulations

Electronics

Physics analyses

And more (accelerator, 
phenomenology, etc.)
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FCC-hh detector concept

31

• pp collisions at √s > 100 TeV, luminosity up to 3 x 1035 cm-2 s-1 (up to 1000 pileup events) 
• Central detector houses tracking, e.m. and hadron calorimetry inside a 4T solenoid with a free bore of  

10 m diameter 
• Forward parts are displaced by 10m from the interaction point, with two forward magnet coils 
• The muon system is placed outside the magnet coils 
• Overall length ~50m, diameter ~20m

à No field return yoke for FCC-hh reference detector 
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We are living in very interesting times, especially for our young collaborators

Lots of  possibilities for new students to join FCC-ee and IDEA and contribute to all these 

developments!!
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