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DRD4 Collaboration
◼ DRD4: international Collaboration with CERN as host laboratory

❑ Approved by the CERN Research Board in December 2023

◼ Main goal: bundle and boost R&D activities in photodetector 
technology and Particle Identification (PID) techniques for future HEP 
experiments and facilities

◼ To be more specific, DRD4 covers the following topics:

❑ Single-photon sensitive photodetectors (vacuum, solid state, hybrid)

❑ PID techniques (Cherenkov based, Time of Flight)

❑ Scintillating Fiber (SciFi) tracking 

❑ Transition Radiation (TR) using solid state X-ray detectors 

◼ DRD4 structure initially defined in the Proposal document

❑ 6 Working Groups (WGs) reflecting the main areas of R&D

◼ Scientific forums for discussion: no agreed tasks, no committed resources

◼ Facilitate exchange of information, know-how, samples, infrastructure, etc.

❑ 5 Work Packages (WPs) reflecting the main ECFA roadmap themes and goals

◼ Run like projects: divided in tasks, with agreed goals, milestones, deliverables, 
and are jointly funded by the resources of the participants
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https://cds.cern.ch/record/2884872
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DRD4 structure (from the Proposal)
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DRD4 institutes
◼ 74 institutes joined DRD4 at the time of Proposal

❑ Additional institutes joined later (2 in January, 1 in June, 4 in October)

❑ 20 nationalities

❑ Many small groups, many with no prior experience in large R&D 
collaborations

❑ Large effort to constitute a collaborative effort amongst a research 
community that has not traditionally worked together in the recent past

❑ Industrial partners (very important asset)

◼ New groups are welcome to join DRD4

❑ For more information: https://drd4.web.cern.ch

❑ Contact us
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DRD4 activities
◼ Different levels of activities

❑ WG meetings organized by the corresponding Conveners

❑ WP meetings organized by the corresponding Leaders

❑ Management meeting

◼ Periodic meetings between the WG Conveners, WP Leaders, SP and CB chair to 
monitor progress and proper inclusion of new teams and members

❑ Collaboration meetings

◼ DRD4 scientific activities ramped up since the beginning of 2024: many 
scientific and technological discussions
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DRD4 Collaboration Meetings
◼ Constitutional meeting (CERN, 23-24 January 2024)

◼ 1st DRD4 Collaboration meeting (CERN, 17-20 June 2024)

❑ https://indico.cern.ch/event/1403486, 125 participants

◼ 2nd DRD4 Collaboration meeting (CERN, 21-25 October 2024)

❑ https://indico.cern.ch/event/1456663, 134 participants

◼ Future meetings at CERN: 7-11 April 2025, 13-17 October 2025
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WG meetings
◼ First WG meetings organized in May

❑ See Indico pages for more details

❑ WG stand-alone meetings + WG meetings in DRD4 Weeks plenary 
session

◼ These meetings are crucial to build our (new!) community, 
enabling discussion of activities and the spread of information

◼ Goals

❑ Discuss scientific and technological interests; share expertise in the 
specific topics; availability/need of equipment and infrastructures 
for specific activities (and possibility of sharing or use by other 
DRD4 members); etc.
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WG1: Photon Detectors
◼ Scientific forum for studies and development of novel photodetectors 

with focus on PID for future experiments

◼ Topics (selection):

❑ Radiation hardness; timing resolution; high-rate capabilities; longevity

❑ Extreme conditions: e.g., cryogenic and high magnetic field

❑ Large-area (e.g. SiPMs arrays, LAPPDs, etc.); hybrid detectors

❑ Fine granularity detectors for future high-rate experiments

❑ New technologies: CMOS-SPADs, new SiPM structures, BSI SiPMs

❑ New photocathode structures and materials

❑ Novel materials for photon detection: e.g., Ge-on-Si APDs;

❑ Read-out electronics for extreme environments, fast timing and high 
channel density; optimal sensors and R/O electronics integration

❑ Simulations of photo-detector response

◼ Standardization of procedures for photodetectors characterization
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WG1 Convener: Fabrice Retiere (TRIUMF)
Deputies: Angela Romano (Birmingham), Qian Sen (IHEP-CAS)



WG1: Photon Detectors
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WG2: Particle ID
◼ Study of new and improved detector concepts, achievable performance, 

and intrinsic limitations of Cherenkov-based and TOF detectors 
employed for PID (such as RICH, DIRC, TOF, TOP, TORCH) plus any 
new concept

◼ Topics of interest

❑ Study of advanced PID techniques

❑ Development of new compact RICH concepts

❑ Optimal operation of new detectors

❑ Future DIRC detector applications

❑ Development of innovative RICH configurations, like e.g. pressurized argon 
RICH, Aerogel-based RICH, lightweight RICH

❑ Study the impact of time-resolved readout for future RICH detectors
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WG2 Convener: Sajan Easo (RAL)



WG2: Particle ID
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WG3: Technological activities 
◼ Focus on the key technologies for RICH and other imaging detectors 

systems, including the full read-out chain

◼ WG3.A - Key technologies for RICH and other imaging detectors

❑ Radiators (gas, aerogel, etc.) characterization, purity, fluid circulation, 
monitoring

❑ Optical technologies: mirrors, lenses, coatings, aspherical elements, etc.

❑ Thermo-mechanical engineering design: light materials, active local cooling, 
annealing in situ techniques, etc.

❑ Ancillary instrumentation: for control of systematic uncertainties 
(calibration, alignment, monitoring) of PDE, (n-1), etc.

◼ WG3.B – Read-out electronics

❑ Solutions to develop full read-out system chain for fast low-noise pixelated 
single-photon counters (for PMT/MCP/SiPM/etc.) with O(103) channels, to 
be used as a general tool in DRD4 for laboratory tests, test-beam setups, etc.
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WG3 Convener: Fulvio Tessarotto (Trieste)



WG3: Technological activities 
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WG4: Software 
◼ Address software issues related to the next generation of detectors 

developed in DRD4

❑ Develop software packages of common interest to the DRD4 community 
and share experiences from software developments in different projects

❑ Some of the recent advances in software technologies can provide 
significant improvements in the simulation and analysis of the data 
produced in Cherenkov detectors

◼ Topics (selection)

❑ ML techniques to improve PID algorithms

❑ Develop software that runs on GPUs to speed up simulation/reconstruction

❑ Simulate the next generation of photon detectors and their read-out

❑ Create framework to evaluate the new algorithms that will be developed on 
different software platforms
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WG4 Convener: Maurizio Martinelli (Milano Bicocca)



WG4: Software 
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WG5: SciFi and TR Detectors
◼ R&D of segmented detectors based either on scintillating fibers or on 

pixelated semiconductor detectors for high precision tracking, 
eventually exploiting the transition radiation for PID

◼ WG5.A - Scintillating Fibers

❑ Novel fast & radiation-hard scintillating fibers

❑ Tracking with photon timing information in high occupancy environments

❑ Micro-lenses on SiPMs

❑ Fiber ribbon and detector plane production techniques (flexible ribbons)

❑ Cryogenic cooling of SiPMs

◼ WG5.B - Transition Radiation Detectors

❑ Development of a novel TRD based on highly segmented pixel 
semiconductor detectors (Si, GaAs, CdTe) for measuring both the energies 
and the emission angles of TR X-rays, for hadron ID in the TeV range 
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WG5 Convener: Sune Jakobsen (CERN)
Deputy: Francesco Loparco (Bari)



WG5: SciFi and TR Detectors
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Examples of presented activities



WG6: Novel ideas and far-future R&D 
◼ This WG will act as the DRD4 collaboration’s gate for novel ideas and 

revolutionary concepts

❑ New ideas shall find in WG6 the right environment to prosper

❑ Help the new concepts to reach the required level of maturity

❑ Hope to transform some of these ideas into breakthroughs in the field, 
impact the future of photon detection
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WG6 Convener: Suat Ozkorucuklu (Istanbul)



WP activities
◼ WP meetings organized starting from February

❑ See Indico pages for more details

◼ Goals:

❑ Discussion on available and needed resources (persons, materials, 
equipment, funds); milestones and deliverables; sharing of 
responsibilities and synergies among the various groups; etc.

◼ Work Packages leaders and groups have been very active in 
discussing and updating Deliverables over the past months
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WP1: Solid-State Photodetectors 
◼ Task 1 - SSPD with new configurations and modes

❑ Development of back-side illuminated SiPM (potential for better PDE and 
radiation tolerance); development of ultra-granular SiPM that integrates 
with the electronics by using 2.5D or 3D interconnection techniques; 
development of CMOS-SPAD light monolithic sensors for HEP; study of 
new materials for light detection

◼ Task 2 - Fast radiation hard SiPMs

❑ Standardize procedures for quantification of radiation effects; irradiated 
SiPMs characterization in wide temperatures range (down to -200 ˚C); study 
of  annealing; study and quantify other measures enabling the use of SiPM
in highly irradiated areas (e.g. smaller SiPMs, macro- and micro-light 
collectors)

◼ Task 3 - Timing of SSPD, including readout electronics

❑ Study and improve the timing of SiPMs; co-design of a multi-ch. readout 
ASIC exploiting the timing potential; integration and packaging with 
integrated cooling; vertical integration of SiPM arrays to FEE (better timing 
via reduction of interconnections' parasitic inductances and capacitances)
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WP1 Leader: Rok Pestotnik (Ljubljana)
Task leaders: Alberto Gola (FBK), Lodovico Ratti (Pavia), David Gascon (Barcelona)



WP1: Solid-State Photodetectors 
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Examples of onoing activities



WP2: Vacuum-based Photodetectors 
◼ Task 1 - New materials, coatings, longevity and rate capability studies

❑ Develop new materials and techniques to increase MCP-PMT tube lifetime 
and improve rate capabilities; use new techniques with new materials to 
achieve high aspect ratio with small diameter for better gain, time, and 
spatial resolution

◼ Task 2 - New photocathode materials, structure and high QE VPD

❑ Search for new materials with the required characteristics to be used as 
photocathodes; develop photocathodes with new structures

◼ Task 3 - VPD time and spatial resolution performance

❑ Development of large area MCP-based photodetector with combined 
excellent timing and position resolution, including electronics integration
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WP2 Leader: Imad Laktineh (Lyon)
Task leaders: Silvia Gambetta (Edinburgh), Thierry Gys (CERN), Ping Chen (XIOPM-CAS), 

Claudio Gotti (Milano Bicocca), Selma Conforti (Omega)



WP2: Vacuum-based Photodetectors 
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Examples of onoing activities

PICMIC



WP3: RICH and other imaging det.
◼ Task 1 - New Materials Radiators and Components

❑ Gas alternatives; optimized aerogel modules; precise interferometric 
measurement of refractive index

◼ Task 2 - Development of new RICH detector concepts for improved 
performance

❑ High-pressure gas radiator; fast timing, combined RICH/TOF; cryo-RICH; 
modular RICH; technological demonstrators & proof of concepts

◼ Task 3 - Prototype Single-Photon Sensitive Module for Imaging Arrays 
from sensor to DAQ and self-calibration systems

❑ Fully functional autonomous modules; scalable R/O electronics; integration 
to arrays with cooling; on-detector calibration/alignment/monitoring

◼ Task 4 - Study of RICH detectors for future e+e- colliders

❑ Prototype a cell for the ARC concept

◼ Task 5 - Software and Performance

❑ Fast simulation; reconstruction for high occupancy, high background
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WP3 Leader: Roberta Cardinale (Genova)
Task leaders: Fulvio Tessarotto (Trieste), Sneha Malde (Oxford), Chris Jones (Cambridge)



WP3: RICH and other imaging det.
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Examples of onoing activities



WP4: Time of Flight Detectors 
◼ Task 1 - Study the coupling of a thin Cherenkov radiator to a single-

photon detector array, for TOF of charged particles

❑ High precision timing (~10 ps) using high refractive index solid Cherenkov 
radiators coupled to SiPMs arrays or MCPs 

◼ Task 2 - Develop a SiPM array for single-photon detection, with mm-
scale pixelation, suitable for use in TOF prototypes

❑ Integration of SiPM arrays with multichannel R/O electronics to provide 
mm-scale position sensitivity and fast timing of Cherenkov light at the very 
high rates expected with HL-LHC and future colliders

◼ Task 3 - Develop lightweight mechanical supports for DIRC-type TOF

❑ Development of prototype support using lightweight materials with 
minimal distortion of quartz, detectors, electronics

◼ Task 4 - Develop techniques for measuring the optical properties of 
optical components for TOF detectors

❑ Develop precision measurement characterization of quartz Cherenkov 
radiators; share existing facilities 
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WP4 Leader: Jon Lapington (Leicester); Deputy: Eugenio Nappi (Bari)
Task leaders: Christian Morel (Marseille), Neville Harnew (Oxford), Suat Ozkorucuklu (Istanbul)



WP4: Time of Flight Detectors 
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Examples of onoing activities



WP5: SciFi and TR Detectors 
◼ Task 1 - Develop an improved radiation hard scintillating fiber with a 

fluorescence decay time near 4 ns

❑ Standard fast fiber is over 25 years old (SCSF-78M and -78MJ from 
Kuraray); develop improved radiation hard fiber (should have same or 
better light yield, attenuation, decay time, and stable in time)
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WP5 Leader: Blake Leverington (Heidelberg); Deputy: Guido Haefeli (EPFL)



WP5: SciFi and TR Detectors 
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Examples of onoing activities



Status of the MoU
◼ Various meetings over the last months between DRDs 

management and CERN management to converge on a final 
Memorandum of Understanding (MoU) document

❑ First MoU draft received from the CERN management end of June

❑ Update in July on MoU annexes

❑ Documents updated in September and October

◼ Current status

❑ WPs finalised the definition of “Deliverables”, that have been 
included in the tables of Annex 7

❑ First draft of the DRD4 MoU document sent to the CERN 
management on November 8th
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Summary
◼ The DRD4 Collaboration has formed to propose a broad but focused 

R&D program on photodetectors and PID techniques

◼ The scope of DRD4 is very strong

❑ PID is a key component in modern HEP experiments, and is often achieved 
with Cherenkov and TOF detectors, that often rely on photodetection

❑ Photodetection is undergoing a strong  transformation (e.g. SiPMs invade in 
fields that were occupied since decades by vacuum and gas-based devices) 

❑ DRD4 includes also SciFi tracking and TRD: they fit well into DRD4

◼ Thanks to the efforts of many active colleagues, we are building 
together the DRD4 Community

❑ DRD4 scientific activity has started with information exchange within the 
Working Groups and the organization of Work Package activities

❑ DRD4 is continuously attracting new groups

◼ The success of DRD4 will depend on the ability of the groups to grow 
and to find the necessary resources

❑ Interactions and feedback from Funding Agencies
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