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HEAD NOTE AND OUTLINE
• it is not a refined and complete review, but just a brief collection of information 

on future collider facilities and conceptual reference detectors proposed for it 


• meant as a reference for terminology & concepts treated in the specific 
presentations and for the discussion that follow


• will touch only some of the future colliders projects: no fixed target, no detectors 
upgrades proposed for HL_LHC after LS4 …
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FUTURE FACILITIES
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Timeline: low precision - earliest “feasible start date”
includes steps for approval/development/machine civil engineering&construction

covered in this talk



TARGET CONCEPTUAL DETECTORS OF ECFA DRD
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eg e+e- 
LC & CC



 STRONG INTERACTION EXPERIMENTS @ FC
• several proposals and study ongoing with earliest starting times 2030-ish (ALICE 3 for RUN-5+ 

of HL-LHC, Electron-Ion Collider) and beyond (LHec, FCC-eh)
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EIC @Brookhaven

DIS to the energy and intensity frontier


- LHec: 50 GeV x 7 TeV: 1.2 TeV ep collider

- operation: 2035+, cost O(1) BCHF 


- FCC-eh: 60 GeV x 50 TeV: 3.5 TeV ep collider

- operation: 2050+, cost O(1-2) BCHF + FCC-hh

LHec

uses most of 
existing RICH 

facility



EIC REFERENCE DETECTOR
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General requirements

main challenges: PID and EMCal at < 2 % / E

different detectors for different regions (barrel, 
forward, backward, vertex …)

- tracking: MAPS + TPC

- ecal: 


- Barrel: Pb/Sc Shashlyk

- Foward: W powder/ScFi

- Backward: PbWO4 + SciGlass


- PID: RICH, DIRC, Aerogel, TPC dE/dx, TOF, … 

http://www.eicug.org

http://www.eicug.org


FCC-ee & -hh
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original study requested by ESPP in 2013, started in 2014 as main way to guarantee research continuity in 
HEP at CERN in the post HL-LHC era

https://link.springer.com/article/10.1140/epjst/e2019-900045-4FCC CDRs:

integrated project in two consecutive phases:


-stage 1: FCC-ee - ~90-400 GeV e+e- collider as Higgs, EW and top factory at the maximal achievable luminosity

-stage 2: FCC-hh - ~100 TeV hadron collider at the energy frontier + optional ions/eh machines


complementary physics goals & common infrastructures and civil engineering 


https://link.springer.com/article/10.1140/epjst/e2019-900087-0



FCC INTEGRATED PROJECT SCHEDULE
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FCC-ee: 18 years construction: 8 preparation + 10 construction

FCC-hh accelerator construction, 
installation, commissioning

FCC-hh accelerator 
R&D and technical 

design

FCC-hh detector R&D, 
technical design



FCC-ee LUMINOSITY
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luminosity x103÷5 LEP thanks to the use of techniques developed for B-factories

- independent rings for e+ and e-: more bunches, higher currents w/o parasitic collisions 

- crab waist and asymmetric IP, and continuous injection

- parameters optimised to keep same totale power for synchrotron radiation at all CM energies (100 MW) 


- total consumption with 50% of the klystrons active is 200 MW (compare with LHC: 210 MW and HL-LHC: 260 MW)

∫ Ldt ∼ 1 − 40 ab−1/year
HZ Z



FCC-ee CM ENERGY
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-physics at the Z pole allows study of light fermions (τ and b - factory)

-clean environment and substantial yields open the possibility to study 
the properties of gluons in higgs decays:

Z WW ZH e VBF-H tt̄

e+e− → HZ → ggμ+μ−

15 years physics: 4 (Z) + 2 (WW) + 3 (H) + 1 LS + 5 (tt) not necessarily in this order …



CEPC: SCHEDULE
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ICHEP 2020: J. Gao - CEPC TDR preparation

optimisation post-CDR: now very similar to FCC-ee

https://indico.cern.ch/event/868940/contributions/3815728/attachments/2073575/3493438/CEPC_accelerator_towards_TDR-V2.pdf


FCC-ee DETECTOR REQUIREMENTS
• stronger constraints on the interaction point due to luminosity maximisation: 


• quadrupoles, sextuples and compensation solenoid extremely close to the IP 

• reduced space for luminosity detectors (a factor 2 closer to IP compared to LEP experiments) 

• detector B ≤ 2 T


• sophisticated shielding of beam pipe to minimise synchrotron radiation adverse effects: Machine Detector Interface complex and crucial

• “continuous” beam (no bunch trains) w/ bunch spacing between 20 ns (Z) and 7 µs (tt):


• fast detectors response (< 1 µs) and fast RE electronic and DAQ (@Z pole: ~70 KHz Z + ~100 KHz LumiCal rate) 

• highly segmented silicon detectors to cope with occupancy due to SR  and γγ→e+e-
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Patrick Janot 

The	central	detector	

q  With	100,000	Z	/	second	/	detector,	expect	more	than	2×1012	Z	/	year	

◆  Statistical	accuracies	on	cross	sections,	asymmetries,	etc.	of	10-5	or	better	

●  Experimental	uncertainties	must	be	controlled	at	this	level	too	

➨  Demands	state-of-the-art	performance	for	all	detector	subsystems	

q  Vertex	detector		

◆  Excellent	b-	and	c-tagging	capabilities	:	few	µm	precision	for	charged	particle	origin	

●  Small	pitch,	thin	layers,	limited	cooling,	first	layer	as	close	as	possible	from	IP		

q  Tracker	

◆  State-of-the-art	momentum	and	angular	resolution	for	charged	particles.		

●  Typically	σ(1/p)	~	2	–	3	×	10-5	GeV-1	and		σ(θ, φ)	~	0.1	mrad	for	45	GeV	muons	

●  Almost	transparent	to	particles	(as	little	material	as	possible)	

◆  Particle	ID	is	a	valuable	additional	ability		

q  Calorimeters	

◆  Good	particle-flow	capabilities	and	energy	resolution		

●  Transverse	segmentation	~	cm	:	separate	clusters	from	different	particles	in	jets	

●  Longitudinal	segmentation	:	identify	or	even	track	electron/photon	and	hadron	showers	

●  σ(E)	~	10%√E	for	e,	γ	and	~30%√E	for	pions	

●  Inside	solenoid	coil,	or	alternatively,	extremely	thin	coil	

q  Instrumented	return	yoke	OR	large	tracking	volume	outside	the	calorimeters	

◆  Muon	identification	and	long-lived	particle	reconstruction			

11 Oct 2017 
Academic Training 

25 

Patrick Janot 

The	central	detector	

q  With	100,000	Z	/	second	/	detector,	expect	more	than	2×1012	Z	/	year	

◆  Statistical	accuracies	on	cross	sections,	asymmetries,	etc.	of	10-5	or	better	

●  Experimental	uncertainties	must	be	controlled	at	this	level	too	

➨  Demands	state-of-the-art	performance	for	all	detector	subsystems	

q  Vertex	detector		

◆  Excellent	b-	and	c-tagging	capabilities	:	few	µm	precision	for	charged	particle	origin	

●  Small	pitch,	thin	layers,	limited	cooling,	first	layer	as	close	as	possible	from	IP		

q  Tracker	

◆  State-of-the-art	momentum	and	angular	resolution	for	charged	particles.		

●  Typically	σ(1/p)	~	2	–	3	×	10-5	GeV-1	and		σ(θ, φ)	~	0.1	mrad	for	45	GeV	muons	

●  Almost	transparent	to	particles	(as	little	material	as	possible)	

◆  Particle	ID	is	a	valuable	additional	ability		

q  Calorimeters	

◆  Good	particle-flow	capabilities	and	energy	resolution		

●  Transverse	segmentation	~	cm	:	separate	clusters	from	different	particles	in	jets	

●  Longitudinal	segmentation	:	identify	or	even	track	electron/photon	and	hadron	showers	

●  σ(E)	~	10%√E	for	e,	γ	and	~30%√E	for	pions	

●  Inside	solenoid	coil,	or	alternatively,	extremely	thin	coil	

q  Instrumented	return	yoke	OR	large	tracking	volume	outside	the	calorimeters	

◆  Muon	identification	and	long-lived	particle	reconstruction			

11 Oct 2017 
Academic Training 

25 

P.Janot



FCC-ee CONCEPTUAL REFERENCE DETECTORS
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Clic-Like Detector: adapted from CLIC design International Detector for Electron-positron Accelerators: 
specific design for FCC-ee / CepC

- 2T B-field (CMS-style)

- Silicon ID (pixel + tracker)

- 3D imaging Silicon-tungsten ECAL

- Scintillator + FE HCAL

- MS: steel yoke instrumented with RPCs

- 2T SC solenoid 2T ultra-thin and transparent before calorimeters

- Silicon vertex detector + short-drift, ultra-light wire chamber

- Silicon wrapper pre-shower/timing counter

- Dual-readout calorimeter + possibly coupled with a crystal ECAL

- MS: thin iron yoke equipped with RPCs

strong involvement of 
the Italian community



ILC & CLIC
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“feasible start-date” 

2035-2040 (ILC) - 2040-2045 (CLIC)

International Linear Collider ILC

• Superconducting Cavities, 1.3GHz, 31.5 (35) MV/m

• Klystrons

• 250GeV CME, upgradeable to 500, 1000GeV

• L = 1.35x1034 cm-2s-1 (at initial 250GeV)

• 20km length, in Tohoku / Japan

• Polarisation 80%(e-), 30%(e+)

Compact Linear Collider CLIC

• NC Copper Cavities, 12.0GHz, 72 – 100 MV/m 

• Two-beam acceleration (Klystrons)

• 380GeV CME, upgradeable to 1500, 3000GeV

• L = 1.50x1034 cm-2s-1  (at initial 380GeV)

• 11.4km long, at CERN / France & Switzerland

• Polarisation 80% (e-)



LC DETECTORS
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SiD

ILD

more 
compact


all-Si

larger

volume

Si+TPC

CLIC detectors VS FCCee detectors

- higher energy → larger calorimeter depth

- lower luminosity → higher solenoidal fields

- higher fields → increase yoke thickness, smaller tracker radius

- higher background from  → larger VTX radiuse+e− → hadrons



FCC-hh DETECTORS
• main challenges: achieve state of the art in physics object ID and momentum/energy resolution with a 

pileup of <μ>=1000!

• granularity and timing are a must

• radiation hardness and stability also crucial   (1 MeV neutron equivalent fluence ~20÷30 × HL-LHC)
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@FCC-hh at <μ>=1000: Δd~120 μm and Δt~0.4 ps


Multiple scattering in the beam pipe: even w/ a perfect tracking detector the error due to MS is significant

HL-LHC max pileup <μ>=200

average distance between vertices at z=0: 

Δd~1mm and Δt~3 ps

HL-LHC



LHC-hh REFERENCE DETECTOR DESIGN
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just one example experiment

other choice possibile and very likely 

a lot of room for new ideas, concepts 

and different technologies 

FCC-hh CDR

https://link.springer.com/article/10.1140/epjst/e2019-900087-0


MUON COLLIDER
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L = 2 × 1035cm−2s−1@10 TeV

∫ Ldt = (
ECM

10 TeV )
2

× 10 ab−1/5y

https://muoncollider.web.cern.ch/

https://muoncollider.web.cern.ch/


TECHNICALLY LIMITED LONG-TERM TIMELINE

19high-cost for test facility & technical design

significant resources needed



REFERENCE DETECTOR @MUON COLLIDER
• GOAL: explore multi-TeV energy domain beyond reach of ee-colliders


• precision measurements (e.g. higgs potential)


• discovery searches 
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V =
1
2

m2
hh2 + (1+k3)λSM

hhhνh3 + (1+k4)λSM
hhhhh

4

sensitivity ~3% with 20 ab-1 @10 TeV 
(wrt FCC combined ~5%) sensitivity ~few 10% with 30 ab-1 @10 TeV 

(significantly better than what expected at FCC-hh)

• detector concept based on CLIC detector model 
+ MDI and Vertex detector designed by MAP

- most tracker and calorimeter hits originate from BIB

- occupancy in VTX detector ~×10 CMS pixels @HL-LHC

- large bandwidth needed to send data off the detector (data rates 

~50 Gbps)

- multi-stage filtering with complex data reconstruction


- bunch crossing large ~10-20 μs → possibly a triggerless DAQ 
systems  



ADDITIONAL MATERIAL



EIC
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Reference 
schedule

@10/2021



EIC REFERENCE DETECTOR
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FCC-ee PARAMETRI DI PROGETTO
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- parametri scelti in modo da avere la stessa potenza 
totale per radiazione di sincrotrone a tutte le energie 
(100 MW)


- permette di ottimizzare le correnti dei fasci a più 
bassa energia

NOTA: 100 MW con 50% dei 
klystron efficienti significa 200 MW

LHC: 210 MW, HL-LHC: 260 MW



FCC-ee PHYSICS PROGRAM
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FCC-ee DETECTOR REQUIREMENTS
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FCC-ee EXPERIMENTAL CHALLENGES
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DETECTOR CONCEPTUAL DESIGN #1: CLD
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- 2T B-field (CMS-style)

- Silicon ID (pixel + tracker)

- 3D imaging Silicon-tungsten ECAL

- Scintillatore+FE HCAL

- MS: giogo in acciaio strumentato con RPC

12
m

μ

PF-γ PF-Jets

CLIC-Like Detector: adattato dal disegno fatto per CLIC per soddisfare le specifiche FCC-ee



DETECTOR CONCEPTUAL DESIGN #2: IDEA
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International Detector for Electron-positron Accelerators: design specifico per FCC-ee, con forte 
coinvolgimento della comunità Italiana

Patrick Janot 

Baseline	detector	design	#2	:	IDEA	

q  New	IDEA,	a	detector	specifically	designed	for	FCC-ee	
◆  Vertex	Si	detector	

●  With	light	MAPS	technology	

●  7	layers,	up	to	35cm	radius	

◆  Ultra	light	wire	drift	chamber	

●  4m	long,	2	m	radius,	0.4%	X0	

●  112	layers	with	Particle	ID	

◆  One	Si	layer	for	acceptance	determination	

●  Precise	tracking	with	large	lever	arm	

➨  Barrel	and	end-caps	

◆  Ultra-thin	20-30cm	solenoid	(2T)	

●  Acts	as	preshower	(1X0)	

●  Or	1X0	Pb	if	magnet	outside	calo	

◆  Two	µ-RWell	layers		

●  Active	preshower	measurement	

◆  Dual	readout	fibre	calorimeter	

●  2m	thick,	longitudinal	segmentation	

◆  Instrumented	return	yoke		

11 Oct 2017 
Academic Training 
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Design,	R&D,	test	beam,	performance	studies	
have	started	and	will	be	continued		

during	the	FCC-ee	technical	design	phase.	

Performance	tailored	for	FCC-ee	physics.	

Ultra	Light	
Cost	effective	
Innovative	

n

- solenoide SC da 2T ultra-sottile e trasparente davanti ai calorimetri

- iron yoke sottile equipaggiato con RPC che funziona da MS



FCC-ee READOUT/DAQ/DATA HANDLING
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FCC-ee VERY LARGE TRACKING VOLUME FOR LLP
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FCC-ee DETECTORS R&D ISSUES
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LC DETECTOR PERFORMANCE GOALS: TRACKING
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LC DETECTOR PERFORMANCE GOALS: JETS/PHOTONS/PID

39



LC DETECTORS: MAIN FEATURES
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LC REFERENCE DETECTORS
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LC BEYOND BASELINE IDEAS …
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LC DETECTOR PARAMETERS
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LC DETECTOR CONSTRAINTS FROM MACHINE CONDITIONS
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TECHNOLOGIES FOR DETECTORS AT LC/FCC…
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CROSS SECTIONS FOR KEY PROCESSES @FCC-hh
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FCC-hh PARAMETER TABLE
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FCC-hh PARAMETER TABLE
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FCC-hh DETECTORS REQUIREMENTS
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1 MeV NEUTRON EQUIVALENT FULENCE FOR 30 ab-1 AT FCC-hh

50



FCC-hh REFERENCE DETECTOR
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MUON COLLIDER: MUON & NEUTRON FLUENCES AT 1.5 TeV
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MUON COLLIDER: BIB AT 1.5 TeV
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MUON COLLIDER: BIB PROPERTIES
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MUON COLLIDER: GENERAL REQUIREMENTS FOR DETECTOR
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MUON COLLIDER: DET. KEY CONSIDERATIONS
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MUON COLLIDER: DET. READOUT CONSIDERATIONS
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MUON COLLIDER: EXAMPLE DET. READOUT REQ.
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