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FCC integrated program
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Comprehensive long-term program maximizing physics opportunities 
• stage 1: FCC-ee (Z, W, H, tҧt) as Higgs factory, electroweak & top factory at highest luminosities 
• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier with pp & AA collisions; e-h 

option 
• highly synergetic and complementary programme boosting the physics reach of both colliders 

2020 - 2040 2045 - 2063 2070 - 2095M. Benedikt
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Detector requirements for FCC-ee
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M. Selvaggi
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Detector concepts fast overview
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https://arxiv.org/abs/1911.12230,				https://arxiv.org/abs/1905.02520 https://pos.sissa.it/390/

https://arxiv.org/abs/1911.12230
https://arxiv.org/abs/1905.02520
https://pos.sissa.it/390/
https://pos.sissa.it/390/
https://pos.sissa.it/390/
https://pos.sissa.it/390/
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Vertex detector: IDEA
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Inspired	by	ALICE	ITS	based	on	MAPS	technology,	using	the	ARCADIA	R&D	program	
❑ Pixels	25	×	25	µm2	(with	developments	to	even	smaller	pixels)	

◆Light	
❑ Inner	layers:	0.3%	of	X0	/	layer	
❑ Outer	layers:	1%	of	X0	/	layer	

◆Performance:	
❑ Point	resolution	of	~3	µm	
❑ Efficiency	of	∼100%	
❑ Extremely	low	fake	rate	hit	rate

5 MAPS layers:  
R = 1.7 - 2.3 - 3.1 cm 

Pixel size: 20 x 20 µm2  
R = 32 - 34 cm 

Pixel size: 50 x 100 µm2
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IDEA: integration of vertex detector
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Inside the same volume of the support tube that holds also the LumiCal 
• Inner vertex detector supported by the beam pipe 
• Outer vertex detector (2 barrel and 6 disks) fixed to the support tube 
Minimal number of detector module variants 
• One module type only for the Vertex  
• One module type only for the Outer barrel and disks

Inner and outer vertex trackers

See talk by F. 
Fransesini for the 
interaction region 
layout

F. Palla
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Vertex detector: CLD
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3 double barrel layers + 3 double-layer disks per side  
- radius of innermost layer = 17 mm  
-➡ as low material budget as possible  
-➡ sensitive thickness: 50 μm per layer  
-➡ 0.6% X0 per double layer  
-➡ pixel size 25 x 25 μm2  
-➡ total sensitive area = 0.35 m2 

CLD is the all-silicon-tracker detector concept developed for FCC-ee  
‣ adapted to B=2T, driven by 30 mrad beam crossing angle and vertical emittance  
‣ ‣ respecting 150 mrad forward cone reserved for MDI elements  
‣ ‣ built upon a 15 mm radius beam pipe 

600 mm
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Central tracker
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Two	solutions	under	study	
◆CLD:	All	silicon	pixel	(innermost)	+	strips	

❑ Inner:	3	(7)	barrel	(fwd)	layers	(1%	X0	each)	
❑Outer:	3	(4)	barrel	(fwd)	layers	(1%	X0	each)	
❑Separated	by	support	tube	(2.5%	X0)

IDEA	DC

◆IDEA:	Extremely	transparent	Drift	Chamber	

❑GAS:	90%	He	–	10%	iC4H10	
❑Radius	0.35	–	2.00	m	
❑Total	thickness:	1.6%	of	X0	at	90o	
❖ Tungsten	wires	dominant	contribution	

❑Full	system	includes	Si	VXT	and	Si	“wrapper”

(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
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Drift chamber
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◆ For	Higgs	recoil	mass	analysis,	both	proposed	tracker	designs	match	well	
resolution	from	beam	energy	spread	

◆ However,	in	general,	tracks	have	rather	low	momenta	(pT	≲	50	GeV)	
❑ Transparency	more	relevant	than	asymptotic	resolution		

◆ Drift	chamber	(gaseous	tracker)	advantages	
❑ Extremely	transparent:	minimal	multiple	scattering	and	secondary	interactions	
❑ Continuous	tracking:	reconstruction	of	far-detached	vertices	(K0S	,	Λ,	BSM,		LLPs)	
❑ Particle	separation	via	dE/dx	or	cluster	counting	(dN/dx)		
❖ dE/dx	much	exploited	in	LEP	analyses

dN/dx from Garfield+
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Calorimetry: CLD
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Particle flow calorimetry (inspired by CALICE)
CLD:
• Si-W sampling ECAL,
cell size: 5 x 5 mm2

40 layers (1.9 mm thick W plates),  22-23 X0 total, 20 cm thick

• Scintillator-steel sampling HCAL,
cell size: 30 x 30 mm2

44 layers (1.9 mm steel plates), 5.5 Λ total, 117 cm thick

ECAL

HCAL

ECAL

HCAL

HCAL has been prototyped and tested by 
CALICE 
J. Phys. Conf. Ser. 1162 (2019) 1, 012012 and

https://arxiv.org/abs/2209.15327 and
JINST 18 (2023) 08, P08014


ECAL and HCAL technologies have inspired the 
CMS HGCAL

https://arxiv.org/abs/2209.15327
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Calorimetry: IDEA
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Alternate 
Cherenkov fibers 
Scintillating fibers

Newer	DR		calorimeter		
(	bucatini	calorimeter)

~2m long capillaries
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Calorimetry: IDEA
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❖ Measure simultaneously: 
➢ Scintillation signal (S) 
➢ Cherenkov   signal (Q)

Alternate 
Cherenkov fibers 
Scintillating fibers

Newer	DR		calorimeter		
(	bucatini	calorimeter)

~2m long capillaries
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Calorimetry: IDEA
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Calorimetry: IDEA
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❖ Measure simultaneously: 
➢ Scintillation signal (S) 
➢ Cherenkov   signal (Q)

❖ Calibrate both signals with e-

❖ Unfold event by event fem to obtain 
corrected energy

Alternate 
Cherenkov fibers 
Scintillating fibers

C = E[fem + (h/e)C(1 − fem)]

S = E[fem + (h/e)S(1 − fem)]

E =
S − χC
1 − χ

χ =
1 − (h/e)S

1 − (h/e)C
with:

Newer	DR		calorimeter		
(	bucatini	calorimeter)

~2m long capillaries
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Calorimetry: IDEA
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Full GEANT4 implementation of the DR calorimeter
3D-sketch
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Calorimetry: LAr ECAL
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✦ Good experience with noble liquid ECALs in a number of 
experiments, e.g. D., H1, NA48/62, ATLAS
❖ Good energy resolution, σEM ∼ 10%/√E
❖ Linearity, uniformity, stability of response

✤ Low systematics
✦ Baseline design for FCC-ee detector

❖ 1536 straight inclined (50.4o) 1.8mm Pb absorber plates, 22 X0

❖ Multi-layer PCBs as readout electrodes. Segmentation:
✤ 11 longitudinal compartments
✤ Δθ = 10 (2.5) mrad for regular (1st comp. strip) cells,
✤ ΔΦ = 8 mrad

❖ Implemented in FCC-SW Fullsim
✤ 11 longitudinal compartments
✤ σEM ∼ 9%/√E

❖ Definition of end-cap geometry ongoing
❖ ECAL shares cryostat with coil (as in ATLAS)

✤ Coil outside ECAL
❖ Possible options, R&D ongoing

✤ LKr or Lar actives; W or Pb absorber
✤ Al or carbon fibre cryostat
✤ Warm or cold electronics

M. Dam
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Crystal option
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▪ ECAL layer: 
▪PbWO crystals 
▪ front segment 5 cm (~5.4 X0) 
▪ rear segment for core shower  
▪ (15 cm ~16.3 X0) 
▪ 10x10x200 mm³ of crystal 
▪ 5x5 mm² SiPMs (10-15 um)

1x1x5 cm3 
PbWO

1x1x15 cm3 
PbWO
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Crystal option
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1x1x5 cm3 
PbWO

1x1x15 cm3 
PbWO

❖ ~20 cm PbWO4  

❖ σEM ≈ 3%/  

❖ DR w. filters 
❖ Timing layer 
➢ LYSO 20-30 ps 

❖ PF for jets

𝐸
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Calorimetry
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M. Dam
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Particle identification

16M. Dam
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Particle identification: compact RICH
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R. Forty
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Solenoidal magnet
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✦ Placement of coil different for different detector concepts ✦ For Noble Liquid concept and 
for IDEA with crystal option, 
coil between ECAL and HCAL

✴ As Aleph and Delphi at LEP

✦ Detailed simulation studies 
needed to understand pros 
and cons of the different 
placements

M. Dam

CLD
IDEA

IDEA w crystal ECAL+ DR fiber HCAL 
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Superconducting solenoid
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❖ Ultra light 2 T solenoid: 

➢ Radial envelope 30 cm 

➢ Single layer self-supporting winding (20 kA) 

Cold mass: X0 = 0.46, λ = 0.09 

➢ Vacuum vessel (25 mm Al): X0 = 0.28 

Can improve with new technology 

Corrugated plate: X0 = 0.11 

Honeycomb: X0 = 0.04

Courtesy of H. Ten Kate

Honeycomb-like

corrugated

reinforced
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Muon detector
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Muon	system	in	instrumented	return	yoke	
❑ 3-7	layers	being	considered:		1500-6000	m2	
❑ Proposed	technologies	
❖ RPC	(30	×	30	mm2	cells)			(CLD)	
❖ Crossed	scintillator	bars			{CLD)	
❖ µRWell	chambers	(1.5	×	500	mm2	cells)		(IDEA)	
▪ Also	for	IDEA	pre-shower	detector	
▪ Ongoing	R&D	work	

• 6	layers	of	RPC	muon	chambers	inside	yoke	
• Cell	size:	30	×	30	mm2

		CLD	Muon	system

• 3	layers	of	μRWell	chambers	inside	yoke	
• Cell	size:	1.5	×	500	mm2	

• Detector	size:	500	x	500	mm2

		IDEA	Muon	system
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Some of the ongoing R&D
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DR future prototypes
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1 Mini-Module (MM):
32 x 16 channel ( 512 ch )

1 Module:
2 x 5 MMs
→ 10 FEE boards
(8-channel grouping)
~ 13 x13 x 200 cm3

17 modules, ~ 65 x 65 x 200 cm3

HiDRa2

- 2 central modules with SiPMs
→ ~ 10 k SiPMs, ~ 20 FEE boards
- all others with PMTs
→ ~ 150 PMTs

Full hadronic shower containment calorimeter
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Plate based + 3D printing calo (Korea)
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“Short-term plan”

“Mid-term plan”

Building more and 
more modules 
2022-2025

Strong collaboration on DR calorimetry between INFN, Korea and USA

Copper (3D 
printed)
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Crystal ECAL with DR calorimeter
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M. Lucchini
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Crystal ECAL with DR calorimeter
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Sensible improvement in jet resolution using dual-readout information combined
with a particle flow approach → 3-4% for jet energies above 50 GeV

crystals + IDEA w/o DRO

crystals + IDEA w/ DRO

crystals + IDEA w/ DRO + pPFA

Event display

M. Lucchini
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FCC-hh detector concept
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• 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
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FCC detector concepts  - Paolo Giacomelli 07/09/2023 28

Backup
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µ-RWELL technology
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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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IDEA: Preshower and muon detector
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Preshower Detector
High resolution before the magnet 
to improve cluster reconstruction

Efficiency > 98% 
Space Resolution < 100 µm 

Mass production 
Optimization of FEE channels/cost

Muon Detector
Identify muons and search for LLPs

Efficiency > 98% 
Space Resolution < 400 µm 

Mass production 
Optimization of FEE channels/cost

Preshower 
 pitch = 0.4 mm  

FEE capacitance = 70 pF  
 1.5 million channels

Muon 
 pitch = 1.5 mm  

 FEE capacitance = 270 pF  
5 million channels

Barrel Preshower

Similar design for 
the Muon detector

Endcap Preshower

Similar design for 
the Muon detector

50x50 cm2 2D tiles to 
cover more than 1500 m2

Detector	technology:	µ-RWELL


