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IDEA Detector (Innovative Detector for Electron-positron

Accelerators)

Project for a hermetic detector for FCC-ee: 

e+
e-

IDEA detector concept:
● vertex detector
● drift chamber
● preshower detector
● dual-readout calorimeter
● muon system
● magnet systems

• scintillating crystal for 
detection of EM showers

• ultrathin-bore solenoid
• hadron calorimeter based

on scintillating and quartz
fibers
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Accelerators)

Project for a hermetic detector for FCC-ee: 
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IDEA detector concept:
● vertex detector
● drift chamber
● preshower detector
● dual-readout calorimeter
● muon system
● magnet systems

• scintillating crystal for 
detection of EM showers

• ultrathin-bore solenoid
• hadron calorimeter based

on scintillating and quartz
fibers

Naples Group is
working on EM 
Calorimeter
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Dual-readout calorimetry technique: 

• Contemporary measurement of Scintillation and Cherenkov light:
- analysis event-by-event of the electromagnetic component of hadronic showers

● Our goal: discriminating the Cherenkov signal from the Scintillation signal inside 

different crystal samples:

Strategy  for Dual Readout with Crystals

time spectrum

Cherenkov fast 1/λ
2

Scintillation slow peaked

Cherenkov signal: prompt 
Scintillation signals: longer

Possible
Analysis

• using time 

response

• use of multiple 
channels

• waveform
shape study 
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Setup for Dual Readout with Crystals:

S SiPM 3x3 

mm2 10 μm C SiPM 6x6 

mm2 50 μm

PWO, BGO, BSO (12x12x150 mm2)

Basic Setup:

3×3 mm² SiPM: used to collect 
scintillation light, featuring a 10 μm SPAD 
pitch to avoid saturating the SiPM
microcells

6×6 mm² SiPM employed for Cherenkov 
light collection, featuring a 50 μm SPAD 
pitch and enhanced geometrical 
acceptance to maximize photon 
collection efficiency.

Crystals under consideration:

Dimensions: 15x1.2x1.2 cm3

Characteristics of the crystals

BGO BSO PWO

Radiation Length [cm] 1.12 1.15 0.92

Density [g/cm3] 7.13 6.8 8.28

Refractive Index % 2.15 2.68 2.16

Light Yield [photons/MeV] 7500 1500 190
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Strategy for extracting the Cherenkov signal
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Ratio of the expected number of photons for Scintillation 
and Cherenkov effect for a MIP is of the order of :

Need a strategy to reduce 
this ratio

Use optical filters to select the 
specific region of the light 

spectrum and favor the 
Cherenkov signal

Number of Scintillation photons

Number of Cherenkov photons
≅ 100

S SiPM 3x3 

mm2 10 μm
C SiPM 6x6 

mm2 50 μm

3 mm thick

glass filters

PWO, BGO, BSO (12x12x150 mm2)

BGO
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Test Beam at CERN NA site
● From 17-24 July 2024 we carried out a beam test at CERN SPS 

H6 beam line prepared and coordinated by MIB and Napoli

and with participation from Perugia, US. 

The primary goal was to demonstrate and quantify the collection of 

Cherenkov photons

● tests with positrons (10-100 GeV), mu+ 120 GeV

● we have performed several runs at different angles

•The primary goal was to demonstrate and quantify the collection of Cherenkov photons.
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Test Beam at CERN NA site
● From 17-24 July 2024 we carried out a beam test at CERN SPS 

H6 beam line prepared and coordinated by MIB and Napoli

and with participation from Perugia, US. 

The primary goal was to demonstrate and quantify the collection of 

Cherenkov photons

● tests with positrons (10-100 GeV), mu+ 120 GeV

● we have performed several runs at different angles

•The primary goal was to demonstrate and quantify the collection of Cherenkov photons.

Here I am!
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CERN Test Beam Setup

S SiPM 3x3 

mm2 10 μm
C SiPM 6x6 

mm2 50 μm

3 mm thick

glass filters

MCP

LYSO pixel

PWO, BGO, BSO (12x12x150 mm2)

• Tested a variety of filters and crystals (BGO, BSO, PWO) of size 

15x1,2x1,2 𝑐𝑚3 , all possible candidates to be part of the 

calorimeter

• High bandwidth preamps CAEN serie A1423B:

-Gain range from +18dB to +54dB

• Digitization with oscilloscope Tektronix Oscilloscope MSO46B for 

pulse shape analysis:

- 1,5 GHz Bandwidth

- 6 Analog channels

● Rotating stage for C/S study as a function of crystal-beam angle

● Dark box with temperature conditioning (see figure on the right the 

red-blue part)
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Setup Components 

Power supplies

NIM modules: Trigger 

Generation

Oscilloscope

Box

Rotating stage

CAEN 

Preamplifier 

Wrapping Photoreflective Cavity hosting the 

filter

13

cooling
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Test beam setup simulation

beam source
(μ+ and е+)

crystal
center
(BGO, PWO,
BSO)
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Data vs simulation: c/s ratio, deposited energy
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Comparison of deposited energy in simulation and
integrated waveforms from data. Normalized with
respect to 0°

μ+, filtered SiPM

Preliminary

Cherenkov/scintillation ratio obtained from 
simulations with BGO and a muon beam. A 
distinct peak is observed at the expected 
Cherenkov angle.
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PWO 𝜃 = 120°
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n = 2.2, 

θc = 120°

Study of Charge Ratio Variation in angular scan
● We studied the 2D histogram of the charge of filtered SiPM

(dominated by  cherenkov) vs the charge of bare SiPM
(dominated by scintillation).

● Charge ratio peaking at the C emission

angle

○ smoking gun of cherenkov detection!

PWO 𝜃 = 60°

e+ 10 GeV,

filter 665nm

PWO

• Then we performed a linear fit: if there 
were only scintillation the slope would 
always be equal depending on the 
angle.

• Iterated for each crystals for every run     
of the angular scan

BSO BGO

Preliminary Preliminary

Preliminary Preliminary Preliminary

e+ 10 GeV,

filter UG11

e+ 10 GeV,

filter UG11
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Cherenkov component extraction Strategy 

• The Cherenkov template is obtained from 
dedicated laser calibration data using a 
Hamamatsu laser, providing the single-
photon response (SPR).

Template fitting technique:

• The Scintillation template is generated by 
convolving the SPR with a double-
exponential decay function representing the 
scintillation time profile of the crystal.

Preliminary

• We analyzed the shape of the filtered SiPM waveform by exploiting the timing characteristics of the 
Cherenkov and scintillation components. A dedicated template fitting approach is applied to disentangle 
and quantify both contributions.

BGO BSO PWO

Pulse shaping analysis ✘
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Conclusions

In this test beam, we were able to test different types of crystals and filters in various configurations.

Initial studies with 2D histograms confirmed the ability to observe an effect that could serve as a smoking gun for 

Cherenkov signal detection. Identified the correlation between the Charge ratio of the two SiPMs and the emission angle.

Work so Far 
• We are performing a fit on the single waveform in order to derive the scintillation and cherenkov

components.

• In addition, we are working on the simulation with GEANT4 to compare with the data taken at the test 

beam.

Future Work: large prototype
• Additionally, we have a slot at CERN to perform the next test beam, planned 

with a larger setup, at the end of September 2025.

• Goals: longitudinal part with short (6X0) and long (16X0) crystals

• Transverse shower containment (2.5RM) 

• Dual readout in the back for C/S separation

To prepare for this, we are focusing on the implementation and optimization of 

our setup
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Contacts:
- lucrezia.borriello@cern.ch
- lucrezia.borriello@na.infn.it

mailto:lucrezia.borriello@cern.ch
mailto:lucrezia.borriello@na.infn.it
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FUTURE CIRCULAR COLLIDER (FCC) EXPERIMENT 

Characteristics:

● Circumference: 91 km

● Energies: up to 365 GeV for FCC-ee and up 

to 100 TeV for FCC-hh

Examines scenarios for three different
types of particle collisions:
● FCC-ee: Electron-positron collisions;
● FCC-hh: Hadronic collisions, protons

or ions;
● FCC-he: Proton electron collisions.

Goals:

● Uniquely map the properties of the 

Higgs boson and the Z and W bosons;

● Study of physics beyond the Standard 

Model

e+
e-
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Targets for Calorimeter Performance

ℓℓ, νν, qq

ℓℓ, ɣɣ, ɣZ,

WW, ZZ

• At √s ≈ 250 GeV, Higgs bosons are predominantly produced via 
the Higgsstrahlung process.

- Roughly 97% of Standard Model Higgsstrahlung
events result in final states containing jets.

• To effectively separate jets originating from W and Z bosons, a 
calorimeter resolution of approximately 30%/√E (i.e., 3–4% at
90 GeV) is required.

Challenging for conventional calorimeters
● Typical hadronic calorimeter resolution: ≳ 50%/√E 
(e.g., ATLAS)

Jet energy resolution represents a fundamental
benchmark for evaluating the performance of 
detectors at e⁺e⁻ colliders.
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Targets for Calorimeter Performance

EM energy resolution is just as crucial!

Best current performance: 1–2%/√E 
with homogeneous crystal calorimeters

For example:

Accurate reconstruction
of final states with low-

energy photons (e.g., π⁰)

Enhanced jet clustering 
performance

Mitigation of 
bremsstrahlung effects in 
electron measurements

A resolution of 3%/√E for electromagnetic
energy can significantly enhance event
reconstruction and broaden the physics reach.

3%/√𝐸 15%/√𝐸
[R.Aleksan et al.,

Study of CP violation in B±

decays to D0(D0)K± at FCCee,

arXiv:2107.05311 ]
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Dual-readout calorimetry technique: 

Cherenkov effect: 

Light emitted when a charged particle exceeds the speed 

of light in a medium.

The number of Cherenkov photons emitted per unit path

length with wavelengths between λ1 and λ2:

Scintillation:
Charged particles deposit energy into the 
material, exciting electrons which then release 
absorbed energy in the form of light (photons).

• Contemporary measurement of Scintillation and Cherenkov light:
- analysis event-by-event of the electromagnetic component of hadronic showers
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● Our goal: discriminating the Cherenkov signal from the Scintillation signals inside 

different crystal samples:

Strategy and Setup for Dual Readout with Crystals

time spectrum

Cherenkov fast 1/λ
2

Scintillation slow peaked

Cherenkov signal: prompt 
Scintillation signals: longer

Possible
Analysis

• using time 

response

• use of multiple 
channels

• waveform
shape study 

S SiPM 3x3 

mm2 10 μm C SiPM 6x6 

mm2 50 μm

PWO, BGO, BSO (12x12x150 mm2)

Basic Setup: 3×3 mm² SiPM: used to collect 
scintillation light, featuring a 10 μm SPAD 
pitch to avoid saturating the SiPM
microcells

6×6 mm² SiPM employed for Cherenkov 
light collection, featuring a 50 μm SPAD 
pitch and enhanced geometrical 
acceptance to maximize photon 
collection efficiency.
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Crystals under consideration
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Dimensions: 15x1.2x1.2 cm3

Characteristics of the crystals

BGO BSO PWO

Radiation Length [cm] 1.12 1.15 0.92

Density [g/cm3] 7.13 6.8 8.28

Refractive Index % 2.15 2.68 2.16

Light Yield [photons/MeV] 7500 1500 190

The light emitted by the crystals is
detected using two Silicon 
Photomultipliers (SiPM) with 
efficiency shown in the figures

Wavelength of Emission 

Peak [ns]=425

Wavelength of Emission 

Peak [ns]=480
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28Shower containment: 2.5 RM 

Double readout in the 
back (w optical filters) 

Single SiPM in the front 
for scintillation 

Large prototype: longitudinal and Transverse
Plan for a 9x9 PWO matrix with exchangeable 3x3 central section for BGO/BSO tests 
10 mm x 10 mm x 6X0 in front and 14 mm x 14 mm x 16 X0 in back with Double readout 

FERS 5200 readout for PWO crystals, waveform digitisation for BGO/BSO module

Goal: Test actual calorimeter performances and validate DR effect on resolution 
To be tested on beam in September 
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Dual-Readout algebra 
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Dual-Readout formulae
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Standard Model

Where are We?

Describes: 
• Quantum Electrodynamics (QED)
• Quantum Chromodynamics (QCD)
• Electroweak theory
• Higgs Mechanism

Open Questions:
• Dark Matter and Dark Energy
• Gravity
• Barionic asymmetry
• Numerous free parameters
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Hardware Side 
I calibrate the Silicon Photomultiplier (SiPM) that we used at the test 

beam, they are of different sizes and 'using a preamplifier that allows 

us to have various gains.

Measurement:

•Use a led drive that with a fiber brings light to our sipm, then we 

acquire our signal with the oscilloscope.

•We study the waveforms of our signals and apply some cuts so that 

we have selections that allow us to have a good definition of the peaks

•Estimate the peaks of single photons and then make the fit on the 

points

From the fit 

of the amplitude

we get: 
A=p_0+p_1 n_pe
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Time of fall for BSO 
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Proposed time for the experiment FCC
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Internal structure of the idea detector
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IDEA detector design with additional layer of homogeneous material
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IDEA detector design with additional layer of homogeneous material



Lucrezia Borriello-INFN Napoli-13th edition of the Beam Telescopes and Test Beams Workshop, Valencia

38

The Higgs boson

with the substantial luminosity delivered at 
240 and 365 GeV, the FCC-ee exhibits a 
unique sensitivity to the trilinear coupling 
by measuring its energy-dependent effects 
on individual Higgs observables at the 
quantum level, such as the HZ and the 
ν¯νH production cross-sections
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SiPM 6x6 
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SiPM 3x3 
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slide Marco Lucchini Seminar on Calorimetry at Future Colliders 25th May 2023

Jet resolution: with and without DR-pPFA
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Characteristics:

Specifications on Preamplifier CAEN serie A1423B
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