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Outline

ÉCircular e+ e- Higgs, Electroweak, and Top Factory, FCC-ee

ÉDetector Requirements and Challenges

ÉDetector Concepts

ÉDetector Components and Technologies

ÇVertex Detector

ÇTracking System

ÇParticle Identification

ÇCalorimetry

ÇDetector Magnet and Cryostat

ÇTrigger and read-out System

ÉOutlook
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Future CircularCollider
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É A versatile, sequenceof next-generation particlecollidershousedin a 90-km ring

É Implelentedin two stages

ÇStage 1, Precision Frontier, FCC-ee: electron-positroncollisionsat 88-365 GeV

×Construction: 2030-2045 / Physicsoperation: 2045-2060

×Precision tests of Standard Model Ị indirecthigh mass+ direct low massBSM sensitivity

ÇStage 2, Energy Frontier, FCC-hh : proton-proton collisionsat ṃ100 TeV

×Physicsoperation: Ḑ2070

×Maximaxingpotential for BSM discoveryỊ Direct high-massBSM sensitivity
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FCC Strengths

É Shared infrastructure

ÇOne tunnel and oneset of cavernsfor both stages

×90.7 km ring, 8 surfacepoints

×4 experimentalareas/experiments

ÁExperimentaldiversity- controlof overall 
systematicuncertainties

ÁSustainability- physics/TWh

ÁAccomodatingthe sizeof the CERN community

É Time scale

Ç FCC-eetechnologyis matureỊ constructionin 
parallel with HL-LHC operation

ÇPhysicsoperation few yearsafter HL-LHC

ÇAllows20 yearsof R&D towardsoptimal and 
affordableFCC-hh high-field magnets 

×14 - 20 Tesla
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PossibleTimeline
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FCC-eeLuminosityand Conditions
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Å Extremelylarge statistics
Å Physicsevent rates of Ḑ100 kHz
Å Bunch spacingat 25ns
ÅέContinuousέ beams, no bunchtrains, 

no power pulsing
Å However, no pileup, no underlyingevent
ÅΧwell, pileupof 2.5 x 10-3 at Z pole

FCC-eeparameters Z W+W- ZH ttbar

ЏÓ GeV 91.2 160 240 350-365

Luminosity/ IP 1034cm-2 s-1 140 20 7.5 1.5

Bunch spacing ns 25 160 680 5000

ȱPhysicsȱ crosssection pb 35,000 10 0.2 0.5

Total cross section pb 70,000 30 10 8

Event rate Hz 100,000 6 0.5 0.1

ȱ0ÉÌÅ ÕÐȱ ÐÁÒÁÍÅÔÅÒ ɍ‘] 10-6 2,500 1 1 1

Experimentally, Z pole is the most challenging

Z peak                    Ҟǎ Ḑ   91 GeV       4 years       6 Ҏ 1012 e+e- Ị Z
WW threshold      Ҟǎ Ḑ 160 GeV      2 years     2.4 Ҏ 108 e+e- Ị W+W-

ZH maximum        Ҟǎ Ḑ 240 GeV      3 years     2.3 Ҏ 106 e+e- Ị ZH
tt threshold           Ҟǎ Ḑ 365 GeV      2 years     2 Ҏ 106 e+e- Ị tt

[s-channel Higgs   Ҟǎ Ґ мнр DŜ±      5? years    Ḑ5000 e+e- Ị H125]

__
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Reminder:  pp vs. e+e- collisions (i)
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Proton is compound object
Ą Initial state not known event-by-event
Ą Limits achievable precision

e+/e- are point-like
Ą Initial state well defined (E, p)
Ą High-precision measurements

High rates of QCD backgrounds
Ą Complex triggering schemes
Ą High levels of radiation

Clean experimental environment
Ą Trigger-less readout
Ą Low radiation levels

High cross-sections for colored-states Superior sensitivity for electro-weak states

proton
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Reminder:  pp vs. e+e- collisions (ii)

17.02.2025VCI, Vienna 8

L
H

C
 t
o
ta

l 
cr

o
ss

 s
e

ct
io

n
fa

c
to

r 
>

 1
0
0

 m
ill

io
n
 !

!

collision energy

pp LHC

At LHC, much of the interesting physics needs 
to be found among a huge number of collisions

In e+e- collisions the total cross section 
equals the electroweak cross section. 

e+e- ÅÖÅÎÔÓ ÁÒÅ ȰÃÌÅÁÎȱ
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Reminder:  ppvs. e+e- collisions(iii)

pp: look for strikingsignal in large background e+e-: detecteverything; measure precisely

Higgsevent in pp Higgsevent in e+e-



DetectorRequirementsand 
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HiggsFactory: HiggsProductionand Decay

Higgs-strahlung Boson fusion

Analysis

The ýnal step: look at missing mass distribution:
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WW-Fusion

missing mass (GeV)

sqrt(s) = 350 GeV
mH =      120 GeV Higgsstrahlung

Interference
Background

Determine the rate for WW-fusion from a shape ýtto the con-

tributions of WW-Fusion, Higgs-Strahlung and background.

Interference currently treated as constant (could be ýtas well)

Systematics: background shape can be checked from

anti-b-tagged selection

Higgs-Strahlung shape can be checked with

events after removing the leptons

Running with different beam polarisation has different effects

on the background and Higgsstrahlung contributions!

K. Desch Measurement of the Cross Section for WWïFusion, LCWS2000 ïFermilab, 25/10/200 Page 7

MH = 125 GeV SM BF

bb 56.1%

WW* 23.1%

gg 8.2%

ʐʐ 6.3%

ɟɟ* 2.6%

cc 2.9%

ɾɾ 0.2%

ɟɾ 0.15%

ss 0.1%

ʈʈ 0.02%
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Very rich physics Physics programme Ị Challenging Detectors
Higgs Factory Programme
Å !ǘ ҞǎҐнпл ŀƴŘ ҞǎҐоср DŜ± ŎƻƭƭŜŎǘ нΦсa I½ ŀƴŘ 
      150k WWỊ H events
Å Higgs couplings to fermions and bosons
Å Higgs self-coupling (2-4 ̀ ) via loop diagrams
Å Unique possibility: s-channele+e-Ị H at 125 GeV

Precision EW and QCD Programme
Å 6 Ҏ 1012 Z and 2 Ҏ 108 WW events
Å Ҏ 500 improvement of statistical precision on EWPO: 
        mZ, ɱZ, ɱinv, sin2

W̒, Rb, mW, ɱWΣ Χ
Å 2 Ҏ 108 tt events: mtop, ɱtop, EW couplings
Å Indirectsensitivityto new physicsup to tens of TeV

Heavy FlavourProgramme
Å 1012 bb, cc, 2 Ҏ 1012 ̱ (̱clean and boosted): 10 Ҏ Belle II
Å CKM matrix, CP measurements
Å rare decays, CLFV searches, lepton universality

Feebly coupled particles Beyond SM
Å Opportunity to directly observe new feebly interacting 

particles with masses below mZ
Å Axion-like particles, dark photons, Heavy Neutral Leptons
Å Long-lifetime LLPs

Å Momentum resolution ̀ (pT)/pT ḗ 10-3 @ pT Ḑ 50 GeV
- (̀p)/p limited by multiple scattering Ị minimise material

Å Jet ̀ (E)/E ḗ 3-4% in multijet events for Z/W/H separation
Å Superior impact parameter resolution for b, c tagging
Å Hadron PID for s tagging

Å Absolute normalisation of luminosity to 10-4

Å wŜƭŀǘƛǾŜ ƴƻǊƳŀƭƛǎŀǘƛƻƴ ǘƻ Җ мл-5 (e.g. ɱhad/ɱЉ)
- Acceptancedefinition to ￼(10 ˃ m)

Å Track angular resolution < 0.1 mrad
Å Stability of B field to 10-6

Å Superior impact parameter resolution
Å Precise identification and measurement of secondary vertices
Å 9/![ ǊŜǎƻƭǳǘƛƻƴ ŀǘ ŦŜǿ ҈κҞ9
Å Excellent ̄ 0/  ɹseparation for ̱  decay-mode identification
Å PID: K/̄ separation over wide p range Ị dN/dx, RICH, timing

Å Sensitivity to (significantly) detached vertices (mm Ị m)
- ǘǊŀŎƪƛƴƎΥ ƳƻǊŜ ƭŀȅŜǊǎΣ έŎƻƴǘƛƴƻǳǎέ ǘǊŀŎƪƛƴƎ
- calorimetry: granularity, tracking capabilities

Å Precise timing
Å Hermeticity
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ExperimentalChallenges

É 30 mrad beamcrossingangle

ÇDetectorB-field limited to 2Tesla (@ Z energy) ςbeam emittancecontrol

×Alternative compensationschemeunder study; mayallowḐ3 Tesla

Ç TightlypackedMDI (Machine DetectorInterface)

×Last quadrupoleat L* = 2.2 m; compensatingsolenoid in front

ÉέContinuousέ beams(no bunchtrains); 25 ns bunchspacing

ÇPower management and cooling(no power pulsing)

É Extremelyhighluminosities

ÇHigh statisticalprecision -- controlof systematicsto ￼(10-5) level

ÇOnline and offline handling of ￼(1013) events for precisionphysics

×έ.ƛƎ 5ŀǘŀέ

É Physicsevents at 100 kHz

ÇDetectorresponseǘƛƳŜ Җ м ˃ǎto minimisedead-time and event overlaps 

ÇStrong requirementson front-end electronicsand DAQ systems

×At the same time, keepmaterialbudget low: minimisemassof 
electronics, cables, coolingΣ Χ 
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Central part of detector volume ς top view

MDI Components
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FCC-eeDetectorConcepts

Å Wellestablisheddesign
Å ILC -> CLIC detector-> CLD

Å Full Si vtx + tracker
Å CALICE-like calorimetryςhigh granularity
Å Large coil outsidecalorimetry, muonsystem
Å Engineering neededfor operation with 

continousbeam (no power pulsing)
Å Coolingof Si seosors& calorimeters

Å Possibledetectoroptimizations
Å Improved p̀/p, È/E
Å PID: precisetiming and/or RICH?

Å Design developedspecificallyfor FCC-ee
and CEPC 

Å Si vtx detector; ultra-light drift chamber
with powerfulPID; 

Å Crystal ECAL w. dualreadout
Å Compact, light coil;
Å Dual readoutfibre calorimeter
Å Muon system
Å Veryactivecommunity

Å Prototype designs, test beams
campaignsand software

Å In earlydesign phase
Å High granularityNoble Liquid ECAL as core

Å Pb+LAr(or denserW+LKr)
Å Si vtx detector
Å Tracker: Drift chamber, or straws, or Si
Å CALICE-like or ATLAS TileCal-like HCAL
Å CoiloutsideECAL in same cryostat
Å Muon system
Å VeryactiveNoble Liquid R&D team 

Å Readoutelectrodes, feed-throughs, 
electronics, light cryostatΣ Χ

Å Software & performance studies

CDR

new

12/2 m

1
0
/2

 m

https://pos.sissa.it/390/819arXiv:1911.12230 Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391

CLD IDEA Allegro

https://pos.sissa.it/390/819
https://arxiv.org/abs/1911.12230
https://arxiv.org/abs/2109.00391
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TPC

https://pos.sissa.it/390/819
https://arxiv.org/abs/1911.12230
https://arxiv.org/abs/2109.00391
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Å PID: precisetiming and/or RICH?

Å Design developedspecificallyfor FCC-ee
and CEPC 

Å Si vtx detector; ultra-light drift chamber
with powerfulPID; 

Å Crystal ECAL w. dualreadout
Å Compact, light coil;
Å Dual readoutfibre calorimeter
Å Muon system
Å Veryactivecommunity

Å Prototype designs, test beams
campaignsand software

Å In earlydesign phase
Å High granularityNoble Liquid ECAL as core

Å Pb+LAr(or denserW+LKr)
Å Si vtx detector
Å Tracker: Drift chamber, or straws, or Si
Å CALICE-like or ATLAS TileCal-like HCAL
Å CoiloutsideECAL in same cryostat
Å Muon system
Å VeryactiveNoble Liquid R&D team 

Å Readoutelectrodes, feed-throughs, 
electronics, light cryostatΣ Χ

Å Software & performance studies

CDR

new

12/2 m

1
0
/2

 m

https://pos.sissa.it/390/819arXiv:1911.12230 Eur.Phys.J.Plus 136 (2021) 10, 1066, arXiv:2109.00391
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Full sim getting readyFull sim&rec suite available

https://pos.sissa.it/390/819
https://arxiv.org/abs/1911.12230
https://arxiv.org/abs/2109.00391
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Role of Detector Concepts

Detector concepts form the link between performance requirements and technological capabilities

Åthus, guide the R&D and give feedback on performance impact of technical solutions

Two main ingredients

Åfull simulation model

Ç enable validation of single particle performance with prototypes

Ç realistic prediction of full-event performance: also need for higher-level reconstruction tools

Åoverall engineering

Ç to act and respond in the design of the MDI

Ç to guide the optimisation of the global structure and parameters

Collaborations forming at a later stage

ÅƳŀƛƴǘŀƛƴ ŦǊŜŜŘƻƳ ǘƻ ŎƻƳōƛƴŜΣ ŜΦƎΦ ǘǊŀŎƪƛƴƎ ŀƴŘ ŎŀƭƻǊƛƳŜǘŜǊ ǘŜŎƘƴƻƭƻƎƛŜǎ όάǇƭǳƎ ϧ Ǉƭŀȅύ
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Detectorcomponents and 
technologies
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VertexDetector

É Measurement of impactparameters

Ç reconstructionof secondaryvertices, flavourtagging, 
lifetime measurements

É Verystrongdevelopment

Ç Lighter, more precise, closer

17.02.2025VCI, Vienna 21

StrongALICE Vertexdetectordevelopment

ITS2: installedin 2021 ITS3: installation 2027/2028

ἂX/X0ἃ= 0.35%

ALICE ITS3

ἂX/X0ἃḗ0.05%

É Conditions/ requirementscommon betweenALICE and 
FCC-ee/CEPC

Ç Moderate radiation environments

Ç No needfor picosecondtiming

Ç High resolution and low multiple scatteringis key

É Heavy flavourtaggingresults(simulation)

Ç ML based: large lifetimes, displacedvertices/ tracks, large 
trackmultiplicity, non-isolatede/˃
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Verysubstantial
improvement

w.r.t. LHC

https://link.springer.com/article/10.1140/epjc/s10052-022-10609-1
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Vertex Detector Study

Detailed engineering

- 10 mm inner beam pipe radius
- First vtx layer at 13.4 mm
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Interaction Region Layout

Quadrupole magnets 
surrounded by shielding magnet

Compensating magnet

Carbon fibre support tube

Flange

Vertex Detector

LumiCal
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Vertex Detector Study: Alternative ultra-light option 
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Tracking Systems - Momentum Measurement

Momentum resolution tendsto be multiple scatteringdominated

ExampleSi tracker: CLD
Å All-Si tracker
Å total materialbudget 11% X0
Examplegaseous: IDEA
Å Drift Chamber[< 2% X0] 
Å vtx [2.5% X0 ]
Å {ƛ  έwrapperέ surrounding

drift chamber

FCC-eebeamenergyspread
365 GeV

91 GeV

p̀
T/
p

T

mult.scat

resolution

Strong case for 
gaseous trackers

IDEA Drift Chamber
At relevant momenta, transparency 
more important than point resolution
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Several Tracker Options under Study
IDEA DC

Full silicon 
- CLD @ FCC-ee

Straw tracker
- FCC-ee

Drift Chamber 
- IDEA @ FCC-ee & CEPC

TPC outside silicon
- ref-DET @ CEPC

For 3T Higgs run, not TeraZ
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TPC Study for CEPC 

Pixel size optimisation studies for tracking precision and cluster counting

Pixelated Micromega endplates
Max. drift time: electrons: 34 ˃s; ions: Ḑ0.5 s

Azimuthal distortions caused by primary ions (beam-beam background dominated)

100 ˃ m resolution achievableŦƻǊ Җ рлл m˃ pixel size
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Particle Identification
PID capabilities across a wide momentum range is essential for flavour physics

É IDEA drift chamber and straw tracker promise >3ˋ ˉκK separation up to Ḑ35 GeV 
based on cluster counting, dN/dx

Ç Cross-over window at 1 GeV, can be alleviated by                                                                                
unchallenging TOF measurement of Tɻ Ṃ 0.1 ns

É Time of flight (TOF) alone with Tɻ of Ḑ10 ps over 2 m (e.g. LGAD) 

Ç could give 3̀  ˉκK separation up to Ḑ5 GeV (only)

É RICH counters being investigated 

Ç Example: A pressurized RICH Detector ς ARC

Ç Compact via use of SiPMs

Ç Gas + Aerogel: 3̀ ˉκK separation in 2.5 - 50 GeV range

TOF

ARC

17.02.2025VCI, Vienna 28

RICH

dN/dx

IDEA drift chamber


