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IDEA detector concept
Innovative Detector for Electron-positron Accelerator

Basic features
Precise vertex detector

Large tracking volume  
with good PID

Thin solenoid wih
calorimeter outside

Dual Readout calorimeter  
EM/Had in single package

Thin yoke instrumented 
with muon chambers
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R&D in progress
MAPS vertex detector

ARCADIA

Drift chamber
Cluster counting

Silicon wrapper
ATLASpix3

Dual Readout calorimeter
Also with crystals

mRwell muon chambers



IDEA with crystals

More performant/expensive version w/ crystals
~ 25cm inside solenoid – 22 X0 – Dual Readout

 1x1 cm2 PbWO4 crystals – LYSO timing layer in front 
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Calorimetry requirements
at FCC-ee

ZH
 Jet-jet invariant mass resolution to resolve W from Z (~ 3%) 

Better jets for Zjet jet recoil and nnH jet jet measurements

Both energy and angular resolutions matter

EM resolution ~15% sufficient to sustain jet resolution, but
Better resolution allows electron track energy recovery

Better resolution/granularity improves p0 reconstruction
Both t and jets are improved

 Z pole
HF and t physics

Extreme EM energy resolution for great p0 reconstruction 
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Modern calorimeters

Key technologies have been around for many years
Some already used in real experiments

Crystals and liquid noble gases (LNG)

Others have already done extensive R&D and prototyping
High granularity (HG), dual readout (DR)

Crystals (and LNG) for good EM resolution

HG and DR for good jet resolution

Merging LNG  or crystals with HG or DR requires 
changes to the standard implementations

New technological developments push R&D forward
Mainly on SiPMs and readout electronics
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High granularity (1)

Principle:
Separate signal by neutral 

and charged particles

Use tracking for charged

Need high transverse and 
longitudinal segmentation 


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High granularity (1)

Principle:
Separate signal by neutral 

and charged particles

Use tracking for charged

Need high transverse and 
longitudinal segmentation 

Many technologies explored
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High granularity (2)

Large prototypes built and tested
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High granularity (3)

Key technologies
Large area silicon detectors

SiPMs

Highly integrated FE electronics with timing


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High granularity (3)

Key technologies
Large area silicon detectors

SiPMs

Highly integrated FE electronics with timing

System integration
Very large number of channels

Handling 

Readout

Cooling

Services

Cost optimization
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High granularity (4)

Performance:
Raw single particle resolution
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High granularity (4)

Performance:
Raw single particle resolution

Study of shower profiles

Software compensation
Local energy density higher for EM deposits

Optimal jet resolution with PF (w/ SC)
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Liquid noble gas (1)

Tested technology in Atlas
≈ 10%/ demonstrated


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Liquid noble gas (1)

Tested technology in Atlas
≈ 10%/ demonstrated

Changes needed for FCC-ee
HG friendly

Higher granularity 
Transverse and depth

Many signal traces

Push EM resolution
Higher sampling fraction

Thicker detector

Low energy photons (300 MeV)
Low mass cryostat

Small noise term
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Liquid Noble gas (2)

Preliminary tests on carbon fiber cryostats
Numerical studies & tests


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Liquid Noble gas (2)

Preliminary tests on carbon fiber cryostats
Numerical studies & tests

High density feedthrough development
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Dual Readout (1)

Principle;
Correct fem in every event

Main source of fluctuations

Fibers pointing toward IP
Scintillating: 

sense charged

Clear: 
sense Cherenkov, mostly electrons


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Dual Readout (1)

Principle;
Correct fem in every event

Main source of fluctuations

Fibers pointing toward IP
Scintillating: 

sense charged

Clear: 
sense Cherenkov, mostly electrons

Principle demonstrated:
Extensive tests by RD52

Partial containment

Hadronic-size  by 2025
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Dual Readout (2)

New scalable technologies under test

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Dual Readout (3)

EM prototype with FERS readout
Tested June 2021 at DESY (low energy electrons)

Tested August 2021 at CERN (high energy electrons)
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Dual Readout (4)

Performance/SW integration
Full 4p calorimeter in GEANT4  exporting to FCCSW

Migration to DD4hep/EDM4hep completed
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50 GeV 
electrons 

100 GeV p0
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Dual Readout (4)

Performance/SW integration
Full 4p calorimeter in GEANT4  exporting to FCCSW

Migration to DD4hep/EDM4hep completed

Detailed SiPM digitization

Extreme transverse granularity (up to ~2mm)

EM performance

 Jet performance



Geneva, September 2021 F. Bedeschi, INFN-Pisa15



Dual Readout (4)

Performance/SW integration
Full 4p calorimeter in GEANT4  exporting to FCCSW

Migration to DD4hep/EDM4hep completed

Detailed SiPM digitization

Extreme transverse granularity (up to ~2mm)

EM performance

 Jet performance

Machine Learning
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Dual Readout with crystals (1)

Adding crystals inside solenoid
DR by readout with 2 SiPMs with different optical response/filters

20 ps with LYSO layer


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Dual Readout with crystals (1)

Adding crystals inside solenoid
DR by readout with 2 SiPMs with different optical response/filters

20 ps with LYSO layer

Great EM resolution w/ minor degradation of had. performance
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Dual Readout with crystals (2)

Simple Particle Flow improves energy resolution
More expected with timing in the HAD section 
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Summary table

M. Aleksa, F. Bedeschi, R. Ferrari, F. Sefkow, C. Tully: 

“Calorimetry at FCC-ee”, submitted to EPJ (2021)

http://arxiv.org/abs/2109.00391
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AidaInnova WP8

 Tasks foster strong collaboration:
 8.1 Management (CNRS-IJCLab, INFN-PV, DESY)

 8.2 Towards next generation highly granular calorimeters
Integration aspects of highly granular calorimeters

DESY, CNRS-IJCLab, CNRS-LLR, CNRS-LPNHE, JGU, CERN, TAU, FZU

Future Liquid Noble Gas Calorimeters (CERN, CNRS-IJCLab, CNRS-LAPP, CUNI)

 8.3 Innovative calorimeters with optical readout
Crystal detectors (CERN, FZU, VU, INFN-PG, INFN-LNF, INFN-TO)

Large area scintillator detectors (MPP-MPG, DESY, INFN-BO, INFN-LNF, JGU)

 8.4 Innovative solid-state light sensors and highly granular dual-readout fibre-
sampling calorimetry

Innovative SiPMs and future applications in PID detectors
JSI, INFN-PD, INFN-TO, CERN, FBK, UiB, FZU)

Development of highly-granular dual-readout fibre-sampling calorimeters
INFN-PV, INFN-MI, INFN-PI, INFN-BO, UOS, RBI, CAEN
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ECFA roadmap
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RECFA approval November 2021

CERN council approval December 2021

All calorimeter technologies related 
to FCC included in this process



DR calorimetry collaboration

INFN, CERN, USA, UK, S. Korea, Chile
Current main funding:

INFN CSN1, S. Korea (2 M$  5 yr grant)

Additional support from AIDAinnova
Including CAEN for readout R&D

Funding requests to Italian MUR and INFN-CSN5 ~ 1 M€

Grant approvals in progress in UK and USA

Synergy with ALICE-FoCal, LHCb upgrade, MuonE

Manpower still limited
Open for additional collaborators!
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Conclusion

 FCC has strong requirements on calorimeters
 New life to calorimetry R&D

 Many activities in progress on many technologies

 Good support from EU grants such as AidaInnova

 Good support from ECFA roadmap in preparation

 IDEA focuses on Dual Readout approach w/ or w/o crystals
 Much activity in progress with seed funding

 Major funding step expected soon
Lot of work! Need people!
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