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Material taken from several talks 
by dual readout community



High Energy Resolution calorimeters

97% of the SM Higgsstrahlung 
signal has jets in the final states
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e+e- 
91.2 GeV Z-pole 
161 GeV WW
240 GeV ZH
365 GeV tt



Dual Readout technique

   calorimeter response to em-component ≠ non-em response (e/h ≠ 1) 

    event-to-event fluctuations are large and non-Gaussian 

    <fem> depends on shower energy and age
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Dual Readout Technique
Simultaneous measurement on event-by-event basis of elm fraction of hadron showers

e/h ratio of the C (S) calorimeter 
structure (measured) 

Solve the system with 2 equations and 2 unknowns (event per event) and calculate 
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Dual Readout Technique
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Expected performances @FCC-ee
✦ Gaussian resolution

✦ Adequate separation of W / Z / H
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Dual readout in practice

Using 
different 
media (e.g. 
Fibres)

Disentangling 
the 2 signals 
in the same 
media IDEA @ FCC

New baseline option
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Fiber dual readout calorimeter
Different generation of prototypes with increasing complexity

Originally meant as unsegmented ECAL and HCAL

- DREAM module and lead demonstrators:  proof of concept
- Capillary tube “EM-Size” calo: SiPM integrazione 

- HiDRa: full containment with scalable construction technique 
- DREAM++: adding timing for longitudinal segmentation and PID

- ML approach to better reconstruct shower features (PID)
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Proof of concept
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Proof of concept
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Expected to improve 
(based on MC 
simulation) by 
including corrections 
on:
- light attenuation
- lateral leakage

EM resolution HAD  resolution



Dual readout with High Granularity
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❖ SiPM advantages:
➢ compact readout (no fibres sticking out)
➢ operation in magnetic field
➢ larger light yield (# of Čerenkov p.e. limits 

resolution)
➢ very high readout granularity → particle 

flow “friendly”

❖ SiPM (potential) disadvantages:
➢ signal saturation (digital light detector)
➢ cross talk between Čerenkov and 

scintillation signals
➢ dynamic range
➢ instrumental effects (stability, afterpulsing, 

...)



Dual readout with High Granularity
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10x10 cm2 divided in 9 towers, 1m long
16x20 capillary each (160 C + 160 S fibres)

Capillary:
2mm OD, 1.1 mm ID
Material: Brass



HiDRa: full containment high granularity

13

High-granular core          
(~ 10k SiPM)

70 minimodules readout 
by PMT (2 each)

Grant INFN CSNV



HiDRa: full containment high granularity

14

● Reliable and scalable construction technique
● Bottleneck: fibre insertions (too much time consuming

○ Ideas on how to overcome this problems under study



SiPM integration
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1 SiPM per Fibre    (2mm 
pitch!)
8 SiPM grouped together 
(analogic sum)

Microboard for Cherenkov 
(Hamamatsu S16676-15) and 
macroboard for Scintillanting 
(HamamatsuS16676-10) 



Test beam 2025 @CERN SPS
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Response to electron, muon, pion 
Energy resolution 
Data analysis started



HiDRA expected performance (GEANT4 sim)
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Adding timing info

18



HG-DREAM (US effort within DRCAL) 
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HG-DREAM (US effort within DRCAL) 
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What we have/know as of today
- proof of concept of dual-readout technique

- solid and scalable assembly technique 

- integration technique for HG detector

- timing information benefit

- SW description in DD4HEP => entering the FCCSW era

21



What we still need to do (not exhaustive)
● Solve fiber issues for scalability
● Calibration technique
● Projective geometry and engineering 
● Scalability of readout electronics
● Full exploitation of ML approach
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Digital SiPM
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Digital SiPM @ ASPIDES 

24



Boosting EM resolution
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Dual readout in crystal calorimeters
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Combined ECAL+HCAL Dual Readout
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Strategies for DR in crystal calorimeters
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Outlook
Mature and tested technique for improving energy resolution

Suitable for future accelerator experiment

Aligned with the strategic objectives identified in the ECFA R&D roadmap and 
part of DRD6 collaboration (DRDCalo)

Interest in the technique is growing 

Still open questions to be addressed
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