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Dual-Readout Calorimetry
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RD52 prototypes (2012)

IDEA DR calorimeter

• Successfully pioneered SiPM readout to replace PMT 
→ High granularity

• Studying scalable solution for 
• Mechanical construction
• Sensors and RO system

• Full scale prototypes →  Assess performance



G. Gaudio  - 2021 CepC International Workshop 08.11.2021 

R&D ingredients

● Absorber

● Fibres

● Light sensor

● Readout system

● Integration

3

A few options are under study for each of these elements:

• optimize performance

• optimize scalability in term of personpower/time and costs
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Mechanical construction aspects: status

● Absorber material

● Copper

● Brass

● Stainless-steel

● Absorber structure

● Plates

● Capillary Tubes

● Lego Assembly

● 3D Printing
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refurbishing Cu plates

capillary tube
module (Brass / 
Stainless Steel)

Cu 3D printing Cu Lego
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Capillary Module

● Hi-quality commercially available capillary tubes

● Quite easy and fast assembly system

● EM-size prototype

● test the viability of this mechanical solution

● scale up from 64 (previous test) to 320 SiPM readout

● Market survey for same-quality but cheaper capillary tube
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100x100mm2, 1 m long

2μ RMS on OD
5μ RMS on ID
very clean cut
cost ~1€/m (under finalization)

Qualified on TB
(see L. Pezzotti’s talk)
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Refurbishing Cu Plates
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92x92mm2, 2.5 m long

● Two modules has been prepared meant for 
Test Beam 2021 at SPS  (postponed to 2022)

● Reusing two RD52 Cu module

● disassemble, recuperate Cu plates

● new fibres

● R&D Goal 

● Different light sensors under study 
(MPT, MCP-PMT and SiPM)

● Study of various type of optical fibers
(scintillation)

● Time resolution ( 100 ps processing )
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Cu 3D printing

● Exploiting 3D printing technique to obtain desired shape

● 5 tiles 30.3 x 30.3 mm2 (front), 45.3x45.4 mm2 (back), 100 mm long

● 1st projective module

● Easy alignment of the tiles and fiber insertion

● Ultra-high cost
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Cu Lego Module

● Ingredients: housing, copper wall, 
copper plate

● Use ingredients available in a market as 
much as possible

● housing (copper pipes)

● structure/wall: copper wire or 
plates, skiving fin heatsink
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45x45 mm2, 50 cm long
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R&D ingredients

● Absorber

● Fibres

● Light sensor

● Readout system

● Integration
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✓
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Scintillanting and Cherenkov Fibres

● Scintillanting Fibres:

● polystyrene-based core and a PMMA cladding.

● Kuraray SCSF-78 (single and double cladding)

● Saint-Gobain BCF-10 double cladding + other option 
under evaluation

● Cherenkov Fibres:

● PMMA core + Fluorinated Polymer cladding

● Mitsubishi, SK-40

● Saint-Gobain Wavelength shifters 
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R&D ingredients

● Absorber

● Fibres

● Light sensor

● Readout system

● Integration
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✓
✓
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EM-Size capillary module
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SiPM readout: 
Hamamatsu SiPM: S14160-1315 PS
Cell size: 15 μm

PMT readout: 
Hamamatsu 
R8900-100 cherenkov
R8900    Scintillation
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Sensors for next capillary tube prototype
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Packaging for 
S14160-1315 not 
compatible with 
tube pitch

development with hamamatsu
module MPPC 8ch, active area 1mm diam. 
wire bonding without connectors

PMT readout: 
Hamamatsu 
R8900 discontinued

R11265-200 (UBA) 
R11265-203 (UBA, UV glass)
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Plate-based calo sensors: SiPM, PMT, MCP-PMT
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R&D ingredients

● Absorber

● Fibres

● Light sensor

● Readout system

● Integration
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✓
✓
✓
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Citiroc1A based readout

16

n Two Citiroc1A for reading out up to 64 SiPMs

n One (20 – 85V)  HV power supply with temperature compensation

n Two 12-bit  ADCs to measure the charge in all channels

n Timing measured with 64 TDCs implemented on FPGA (LSB = 500 ps)

n 2 High resolution TDCs (LSB = 50 ps)

n Optical link interface for readout (6.25 Gbit/s)

IN
from 

SiPM

OUT
to

DAQ
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DRS based readout
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AARDVARC based readout
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HDSCoC
Produced by Nalu Scientific

System on Chip with a built in 
SiPM biasing

Timing information is a key 
element for PID in a 

longitudinally unsegmented 
fiber calorimeter
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R&D ingredients

● Absorber

● Fibres

● Light sensor

● Readout system

● Integration
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✓
✓
✓
✓
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HiDRa module

● High-Resolution Highly Granular Dual-Readout Demonstrator

● Financed by INFN CSNV Grant: 2022 – 2024 (three years)

● Total request: ~ 900 k€ (dominated by material and sensors)

● Organization:

● P.I.: Roberto Ferrari (PV)

● WP 1: Mechanics and fibre characterisation (MI, PI, PV)

● WP 2: Light sensors (analog and digital SiPMs) (BO, CT, MI, TIFPA)

● WP 3: FEE and DAQ development (BO, CT, MI, PV, TIFPA)

● WP 4: Performance assessment (MI, PV, RM1)
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HiDRa2
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1 Mini-Module (MM):
32 x 16 channel ( 512 ch )

1 Module:
2 x 5 MMs
→ 10 FEE boards
(8-channel grouping)
~ 13 x13 x 200 cm3

17 modules, ~ 65 x 65 x 200 cm3

- 2 central modules with SiPMs
→ ~ 10 k SiPMs,  ~ 20 FEE boards

- all others with PMTs
→ ~ 150 PMTs

From HiDRa project for CSNV
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Plate-based (+3D printing)  calo (Korea) 
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Building more and 
more modules 
2022-2025

“Short-term plan” “Mid-term plan”
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Outlook

● Complementary R&D programs are ongoing in Europe, Korea and US

● Optimization on choice of detector construction, sensors, RO chip and DAQ schema

● Two full containment modules, based on different technique are funded by Korea and INFN

● scalable technique for construction and RO

● final assessment of EM and Hadronic performance
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Additional Material
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Scintillanting Fibres
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PMT / MCP_PMT
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Capillary-tube based Prototype
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10x10 cm2 divided in 9 towers, 1m long
16x20 capillary each (160 C + 160 S)

Capillary:
2mm outer diameter, 1mm inner diameter
Material: brass CuZn37

Readout:
• 1 central tower read out by SiPMs
• 8 surrounding towers read out by 

PMTs   (à la RD_52)



G. Gaudio  - 2021 CepC International Workshop 08.11.2021 

AIDA innova
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Start: April 1st, 2021
Duration: 4 years

Full costs budget 
AIDAinnova = ~ 30 M€ 

WP 8.4.2
Development of highly-granular dual-readout 

fiber-sampling calorimeters

INFN - Univ. Sussex - CAEN
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Precise DrillingDrilling

ØFibers reloaded
ØGlued 
ØDamages Recovered

While milling the SiPM interface surface , 
the machine stopped, hitting the surface 
itself
10 S fibers broken between module and 
interface

Reloading fibers
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Plate-based prototype: fiber and readout config
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Plate-based prototype – roadmap to full containment


