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Introduction

Part I

Å Innovative solutions in gaseous detectors : a selection of past examples from which we may 

draw useful lessons for the future .

Part II

Å Overview of Application Driven strategic R&D in Gaseous Detectors

Å R&D framework and  tools to push forward innovative detector-based innovative solutions  
(including Gas and Material studies, Modelling and Simulation, Electronics, Manufacturing Techniques, 

Testing Facilities )

Outline
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Innovation Driven by Application

Å Strategic R&D for future experiments and applications

Appropriate R&D Framework to support Detector Innovation

Å Knowledge and technology sharing and transfer, peer reviewing

Å Common methodologies, tools, infrastructures

Å Gas and Material studies

Å Modelling and Simulation

Å Electronics

Å Manufacturing Techniques

Å Testing Facilities

Part II - Outline
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Current Reference in High Energy Physics: ECFA Detector R&D Roadmap 

Innovation Driven by Applications
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European Strategy Update for Particle Physics 

(2020)
community is first invited to submit proposals (also called inputs) 

for projects that it would like to see realised in the near-term, mid-

term and longer-term future inputs are then reviewed by the 

Physics Preparatory Group results of these discussions are then 

concisely summarised in this Briefing Book

Physics Briefing Book: Input for the European 

Strategy Update for Particle Physics
https://doi.org/10.48550/arXiv.1910.11775

Preparation of the ECFA Detector Roadmap 
https://indico.cern.ch/event/957057/page/21633-mandate-for-the-

preparation-of-the-roadmap The links are here to the Synopsis and Full Document as presented to 

the Scientific Policy Committee and CERN Council in December 2021.

The Full Documents can be found on 10.17181/CERN.XDPL.W2EX

https://doi.org/10.48550/arXiv.1910.11775
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4037008/ECFA%20Detector%20R%26D%20Roadmap%20Synopsis.pdf
https://indico.cern.ch/event/1090779/contributions/4592538/attachments/2335809/4036993/ECFA%20Detector%20R%26D%20Roadmap%20Main%20File.pdf
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893
https://cds.cern.ch/record/2784893


Requirements for future experiments at future facilities
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Rate Capabilities Up to several MHz/cm2

Spatial Resolution Down to 50mm

Time Resolution Down to few tens of ps

Radiation Hardness up to 1013 neq/cm2/y

Ageing Up to C/cm2

Material Budget <1% X/X0

Magnetic Field Up to several Tesla

Gain Larger than 105-106

dE/dx Down to 10%

é.

Å Muon Systems (HL-LHC, ILC/FCC-ee/CepC/SCTF, Muon 

Collider, Hadron Physics, FCC-hh),

Å Inner and Central Tracking (HL-LHC, ILC/FCC-ee/CepC/SCTF, 

Rare/Atomic/Nuclear Physics, Hadron Physics), 

Å Preshower/Calorimeters (ILC/FCC-ee/CepC/SCTF, Muon 

Collider, Hadron Physics), 

Å Particle ID/TOF: RICH and TRD (Hadron and Nuclear Physics, 

FCC-ee/CepC),  TOF (Hadron and Nuclear Physics), 

Å TPC for Rare Decays (WIMP, Solar Axions, Nuclear Physics, 

Neutrino and neutrino-less double beta decay, DM)
Extracted by ECFA Detector R&D Roadmap 

(detailed tables in backup)  

10.17181/CERN.XDPL.W2EX

https://cds.cern.ch/record/2784893


Detector R&D Themes and Requirements from future 
experiments
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https://cds.cern.ch/record/2784893/files/ECFA%20Detector%20R&D%20Roadmap.pdf
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ECFA Detector R&D Roadmap Document

https://cds.cern.ch/record/2784893/files/Synopsis%20of%20the%20ECFA%20Detector%20R&D%20Roadmap.pdf

October 2021

24-25 November 2025
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DRD1: A very large and diversified set of technologies and 
solution, a very large and diversified community

Å 133 Institution

Å More than 30 Countries

Å More than 700 members
Institutions at the 

time of the proposal

https://cds.cern.ch/record/2885937

DRD1 

Extended R&D 

Proposal

(December 

2023)

Technologies  at the 

time of the proposal



DRD1 Collaboration
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Working Groups

(R&D Framework)

RD51 Heritage and Assets

DRD Themes Work Packages 

(Strategic R&D)
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DRD1 Work Packages

WP ID Title

WP1 Trackers, hodoscopes, large area muon systems

WP2 Drift chambers

WP3 Straws and drift tubes 

WP4 Tracking TPCs

WP5 Gaseous calorimeters

WP6 Gaseous photon detectors

WP7 Timing detectors

WP8 Reaction/decay TPCs

WP9 BHEP applications



Trackers, hodoscopes, large area muon systems
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Progress: 
Detector Technologies: 
Å New resistive MPGDs and hybrids: 
ɛRWELL, GEM-ɛRWELL, ɛRGROOVE

Å New structures: RCC

Å Resistive and Capacitive sharing 

Å Optimization of Resistive Plates materials 

for tens kHz/cm² rates.

Å RPCôs tests with eco-gas mixtures

New Front -End/DAQ systems:  ASICs: 

progress on SALSA, VMM3, TORA

Manufacturing New Detector Structures

Notes 

Future Challenge: Manufacturing  of large-

area detectors through the crucial technology 

transfer of these cutting -edge 

methodologies to industry , while rigorously 

maintaining the performance specifications 

demonstrated by the laboratory prototypes.

Multiple technologies are investigated 

simultaneously (cross-fertilization, new ideas, 

diversified approaches)

Advances resistive gaseous detectors for muon systems and inner tracking, focusing on innovative materials, optimized geometries, and 
enhanced electronics for precise, high-rate tracking and long-term stability.

Resistive Cylindrical Chamber: RCC

https://doi.org/10.1016/j.nima.2023.168822 CERN strategies for GHG reductionCERN-INFN DLC (CID) sputtering machine

Strategic R&D: 
Å Developing trackers, hodoscopes, and 

large -area muon systems.

Å Improve time  and spatial resolution for 

gaseous detectors with long -term 

stability .

Å Develop environmentally friendly  

gaseous detectors for very large areas 

with high -rate capability

Å Leptonic Colliders: Focus on large 

gaseous detectors and eco-friendly gases.

Å Hadronic Colliders: Developing detectors 

for rates up to 10 MHz/cm².

Gabriella Pugliese (IT-INFN.BA), Giulio Aielli (IT-INFN.RM2), 

Mauro Iodice (IT-INFN.RM3), Riccardo Farinelli (IT-INFN.BO)

IT-INFN.BA

IT-INFN.BO

IT-INFN.FE

IT-INFN.LNF

IT-INFN.NA

IT-INFN.RM2

IT-INFN.RM3

IT-INFN.TO

Sustainable Gaseous Detectors 
(eco-gases et al.)

DRD1 WP1



Trackers, hodoscopes, large area muon systems
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Advances resistive gaseous detectors for muon systems and inner tracking, focusing on innovative materials, optimized geometries, and 
enhanced electronics for precise, high-rate tracking and long-term stability.

Gabriella Pugliese (IT-INFN.BA), Giulio Aielli (IT-INFN.RM2), 

Mauro Iodice (IT-INFN.RM3), Riccardo Farinelli (IT-INFN.BO)

IT-INFN.BA

IT-INFN.BO

IT-INFN.FE

IT-INFN.LNF

IT-INFN.NA

IT-INFN.RM2

IT-INFN.RM3

IT-INFN.TO

DRD1 WP1

K, Gnanvo, JLAB



Trackers, hodoscopes, large area muon systems
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Advances resistive gaseous detectors for muon systems and inner tracking, focusing on innovative materials, optimized geometries, and 
enhanced electronics for precise, high-rate tracking and long-term stability.

Gabriella Pugliese (IT-INFN.BA), Giulio Aielli (IT-INFN.RM2), 

Mauro Iodice (IT-INFN.RM3), Riccardo Farinelli (IT-INFN.BO)

IT-INFN.BA

IT-INFN.BO

IT-INFN.FE

IT-INFN.LNF

IT-INFN.NA

IT-INFN.RM2

IT-INFN.RM3

IT-INFN.TO

DRD1 WP1

A. Rocchi et al



Drift chambers

Strategic  R&D:
Å Large Volume, High Granularity, low 

material budget DC : new wire  materials 

and metal coating  and new wiring  

procedures and new endplate  concepts

Å Cluster Counting FE and DAQ 

Å Increase rate  capability

Å Ageing  phenomena 

Å Optimization of gas mixture , purification, and 

recirculation systems
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Wires Studies
Cluster Counting Electronics

Large -volume drift chambers for tracking and particle ID at future lepton colliders (FCC -ee, CEPC) and flavor factories (SCTF). Offer precise 

tracking at low ὴand excellent particle ID via cluster counting. Key R&D challenges involve mechanics, electronics, and gas mixture

NALU SCIENTIFIC

 Waveform Digitizers 

ÅTungsten and molybdenum gold-coated, carbon 

monofilaments tested.

ÅAluminium wires to be characterized.

Carbon monofilaments

Nicola De Filippis (IT-INFN.BA)

IT-INFN.BA

IT-INFN.LE

IT-INFN.RM1

DRD1 WP2

New wiring procedures and new 

endplate concepts
Loads (IDEA DC)

IDEA DC



Straws and drift tubes

Strategic  R&D: 

Covers a broad range of applications (FCC-

ee/hh, hadron and neutrino physics, Dark 

Sector) optimizing straw materials, production 

technologies, and readout electronics.

Next generation of straw technologies:

Å Large volumes with low material budget

Å Enhanced resolutions

Å Enhanced longevity

Å Thin -film straws and large area in vacuum
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Straw tracker for hadron physics
Neutrino Physics

Readout Electronics (TORA)

Optimizes straw and drift tube technologies to minimize material while maintaining excellent timing and spatial resolution, using 

self-supporting structures and high-granularity electronics.

Self-supporting Straw module (PANDA-STT)
TOrino Readout (for) AMBER ASIC

Readout for trackers with PID: 

Simultaneous Timeïat-Threshold and 

charge

Peter Wintz (DE-FZJ-GSI-UBOCHUM), Oliver Kortner (DE-MPP), Junjie Zhu (US-UMICH), Daniel Bick 

(DE-UHAMBURG), Roberto Petti (US-SC), Temur Enik (KZ-INP), Katerina Kuznetsova (US-UFL)

IT-INFN.TO

DRD1 WP3
Ultrasonic Welding Technique

USW procedure for double 

side alu-metalized films



Straws and drift tubes
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Optimizes straw and drift tube technologies to minimize material while maintaining excellent timing and spatial resolution, using 

self-supporting structures and high-granularity electronics.

Peter Wintz (DE-FZJ-GSI-UBOCHUM), Oliver Kortner (DE-MPP), Junjie Zhu (US-UMICH), Daniel Bick 

(DE-UHAMBURG), Roberto Petti (US-SC), Temur Enik (KZ-INP), Katerina Kuznetsova (US-UFL)



Tracking  Time Projection  Chambers  (TPCs)

Strategic  R&D:
Å high-granularity (pixel) readout for high rate, high multiplicity

Å low-X/XϚ field cages

Å dedicated TPC front-end electronics 

Å IBF reduction, 

Å gas mixture studies
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High -Rate Tracking (HYDRA)

Ultra -Low Material Budget, High -rate GEM based 
TPC for Super -FRS @ FAIR and MIXE @ PSI

Enhances TPC performance in high-rate, high-multiplicity environments, introducing advanced readout, gating strategies, and optimized gas 
mixtures to reduce ion backflow and improve dE/dx measurements.

HYDRA pion tracker, GEM+MM TPC with VMM3a readout 

Pixelated  TPC readout for CEPC

Francisco Ignacio Garcia Fuentes (FI-HIP), Jochen Kaminski (DE-UBONN)

DRD1 WP4



Tracking  Time Projection  Chambers  (TPCs)
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Enhances TPC performance in high-rate, high-multiplicity environments, introducing advanced readout, gating strategies, and optimized gas 
mixtures to reduce ion backflow and improve dE/dx measurements.

Francisco Ignacio Garcia Fuentes (FI-HIP), Jochen Kaminski (DE-UBONN)

DRD1 WP4

https://indico.cern.ch/event/581417/contrib

utions/2522462/attachments/1465797/226

5982/GridPix_TP3.pdf

https://indico.cern.ch/event/1386009/contributions/6279112/attachments/3

018409/5324403/mpgd-timepix4_vci2025_lucian-scharenberg.pdf

Hybrid Detector: Gas Detector on Timepix FE: GridPix  

[NIM A 556 (2006) 490]

Inspired by ALICE ITS3 Ą Full wafer Pixel ASIC

Far future.. If anyé

Alternative approaches, conceptually inspired by ñMAPS foilò

(Magnus Mager and Rui de Oliveira): MPGD 2022  



Gaseous calorimeters

Strategic R&D :

Conception, construction and 
characterization of large sampling 
elements for calorimeters

Timing performance of gaseous detectors 
for calorimeters

Readout electronics for calorimeter 
gaseous detectors 
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Progress: 

Scientific work is ongoing

Working closely with the program proposed in 
DRD6. 

Units developed in DRD1/WP5 will later be used 
in the gaseous calorimeters proposed in DRD6. 
Electronics readout and mechanical constraints 
are considered in the detector design.

MRPC (50cm x 33cm) 
Uniformity Studies

MPGD-HCAL  Comparative studies

Notes (Plans, 
Issues,..) : 

Future activities

ÅStudy of time-response 

homogeneity (MRPC)

ÅDesign of large-area detectors 

(MPGD)

ÅPrecision mechanics (Common)

ÅElectronics: use of variants of 

CALOROC ASIC developed by 

OMEGA within DRD6

Develops thin, highly granular sampling calorimeters with uniform performance, robust timing, and cost-effectiveness, supporting particle flow 
algorithms.

Front End Electronics

CALOROC FATIC

Imad Laktineh (FR-ULYON1)

IT-INFN.BA

IT-INFN.NA

IT-INFN.RM3

DRD1 WP5



Gaseous calorimeters
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Develops thin, highly granular sampling calorimeters with uniform performance, robust timing, and cost-effectiveness, supporting particle flow 
algorithms.

Imad Laktineh (FR-ULYON1)

DRD1 WP5

IT-INFN.BA

IT-INFN.NA

IT-INFN.RM3

https://indico.cern.ch/event/1453371/contributions/6145977/

attachments/2947499/5182297/Comparative%20study.pdf



Gaseous photon detectors

Strategic R&D :

Used in particle and astrophysics experiments, Cherenkov and 
scintillation imaging, and large-area photon detectors for 
medical and other fields.

R&D focuses on:
ÅRobust and efficient UV photoconverter
ÅVisible-light photoconverter
ÅIBF suppression
ÅEnhanced time and spatial resolution
ÅSingle-photon readout electronics
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Progress: 

ÅScientific activities on innovative photocathodes and detector performance 
improvement are ongoing at Institute level 

ÅExisting link with DRD4 on common activities  (optical properties and 
environmental impact of gases)

Alternatives to CsI 
Photocathodes (PICOSEC)

Low IBF Double Mesh 
Micromegas for photon 
detectionNanodiamond Coating on THGEM

Advances RICH photon detectors with robust UV/visible-sensitive photocathodes, low-noise electronics, and minimized ion backflow for 
accurate photon detection.

Fulvio Tessarotto (IT-INFN.TS), Shuddha Shankar Dasgupta (IN-NISER)

IT-INFN.PD

IT-INFN.TS

DRD1 WP6



Timing detectors: MPGD, (M)RPC

Strategic R&D:

Crucial for future detectors:
Åenabling accurate 4D tracking, 
Åeffective pile-up suppression, 
Åenhanced particle identification. 

This technology is essential for key 
systems, including calorimeters and muon 
detectors, and enables new precision 
measurements.
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Progress: 
ÅDifferent manufacturing/assembly techniques tested.

ÅMPGD Prototypes for high-rate and high-granularity 
applications produced and tested, confirming good time 
resolution.

Å(More/RPC or totally/MPGD ) Eco-friendly, non-
flammable gas mixtures tested, showing good time 
resolution.

ÅElectronics: multichannel ASICs candidates considered.

High Rate PICOSEC Micromegas
Construction Methods 
Comparison (Glass RPC)

(ECO) Gas Mixtures Studies

Notes  
ÅNew manufacturing approaches towards 

tillable, large-area detectors. 

ÅPhotocathode  efficiency and robustness 
remains a challenge; metallic & carbon-based 
options promising. 

ÅMulti -channel readout electronics for 
precise timing

Focuses on sub-nanosecond timing detectors using RPCs and MPGD-based Cherenkov sensors, minimizing electronic jitter and 
scaling up prototypes for large areas.

Assess timing performance using standard gas mixture 

and new eco-friendly gases(left: RPC, right: PICOSEC)

RPC Detectors with low-resistivity glass and two 

different construction methods ( fishing lines and 

spacers) tested and compared

PICOSEC Double DLC Layer Micromegas for vertical 

charge evacuation and high-rate application.

Florian Maximilian Brunbauer (CH-CERN), Ingo-Martin Deppner (DE-GSI), 

Diego Gonzalez Diaz (ES-USC-IGFAE), Imad Laktineh (FR-ULYON1)

IT-INFN.BA

IT-INFN.PV

IT-INFN.RM2

DRD1 WP7



Timing detectors: MPGD, (M)RPC
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Focuses on sub-nanosecond timing detectors using RPCs and MPGD-based Cherenkov sensors, minimizing electronic jitter and 
scaling up prototypes for large areas.

Florian Maximilian Brunbauer (CH-CERN), Ingo-Martin Deppner (DE-GSI), 

Diego Gonzalez Diaz (ES-USC-IGFAE), Imad Laktineh (FR-ULYON1)

IT-INFN.BA

IT-INFN.PV

IT-INFN.RM2

DRD1 WP7



Reaction/decay TPCs

Strategic R&D :

ÅHigh-pressure TPCs for precision studies of neutrino  
interactions (A)

ÅTPCs for low-energy nuclear physics (B)

ÅElectroluminescence-based TPCs for rare-event searches 

and other R&D on pure noble-gas amplification (C)

ÅRadiopure and/or low -energy TPCs for precise track 

imaging and/or calorimetry with avalanche-based readouts (D)
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Big and Radiopure: CYGNO (GSSI, INFN)

Notes  

Groups with different 
physics goals but a 
shared technology, 
enabling knowledge 
exchange and joint 
progress. 

Optimizes TPCs for rare-event and nuclear/neutrino studies, enhancing low-energy sensitivity, reducing backgrounds, and 

integrating advanced simulations.

0.4 m³ demonstrator nearing completion ï 80 × 

50 cm² readout, two back-to-back 50 cm drifts.

Esther Ferrer Ribas (FR-IRFU-CEA), Diego Gonzalez Diaz (ES-USC-IGFAE), Alan Bross (US-

FERMILAB), Marco Cortesi (US-FRIB-MSU), Francesc Monrabal (ES-DIPC), Giorgio Dho (IT-INFN.LNF)

IT-INFN.BA

IT-INFN.PD

IT-INFN.GSSI

IT-INFN.RM1

DRD1 WP8

3D Imaging: MIGDAL (RAL)

Low-pressure CFϞ TPC for Migdal effect ïoptical (2D 

camera) and charge readout (orthogonal ITO strips).

Radiopure: IAXO (CAPA)

Development of new radiopure frontend to 
be placed inside the shielding (lower noise) 



Optical Readout
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Optimizes TPCs for rare-event and nuclear/neutrino studies, enhancing low-energy sensitivity, reducing backgrounds, and 

integrating advanced simulations.

Esther Ferrer Ribas (FR-IRFU-CEA), Diego Gonzalez Diaz (ES-USC-IGFAE), Alan Bross (US-

FERMILAB), Marco Cortesi (US-FRIB-MSU), Francesc Monrabal (ES-DIPC), Giorgio Dho (IT-INFN.LNF)

IT-INFN.BA

IT-INFN.PD

IT-INFN.GSSI

IT-INFN.RM1

DRD1 WP8



Reaction/decay TPCs
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Optimizes TPCs for rare-event and nuclear/neutrino studies, enhancing low-energy sensitivity, reducing backgrounds, and 

integrating advanced simulations.

Esther Ferrer Ribas (FR-IRFU-CEA), Diego Gonzalez Diaz (ES-USC-IGFAE), Alan Bross (US-

FERMILAB), Marco Cortesi (US-FRIB-MSU), Francesc Monrabal (ES-DIPC), Giorgio Dho (IT-INFN.LNF)

IT-INFN.BA

IT-INFN.PD

IT-INFN.GSSI

IT-INFN.RM1

DRD1 WP8



Beyond  High  Energy  Physics

Strategic  R&D:

Muography , Medical  physics  and Neutron  
sciences  with strong interconnections.

Hostile or extreme conditions, very low level of 
maintenance, or strong requirements on operational 
stability, safety, gas emissions or structural stability. 
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Progress: 

All involved groups are progressing very well toward detector 
performance evaluation (main common deliverable).

All proposed tasks are covered by ongoing activities. In a few 
tasks, the three main research lines (Muography, Medical and 
Neutron) overlap and share efforts.

Muon imaging and extreme 
environment conditions

Beta Imaging for medical 
research

Innovative neutron converter 
geometries

Adapts gaseous detectors for muography, medical imaging, and neutron detection, 
emphasizing robust, low-power, cost-effective designs and technology transfer.

Sealed mode operation demonstrated for 
over 6 months for RPCs and MWPCs.

Optically readout micromegas for beta imaging and 
activity measurement on cell level 

in combination with gaseous amplifying structures for

high-rate, efficient, low background detectors

Jona Bortfeldt (DE-LMU), Gabriele Croci (IT-UNIMIB), Dezso Varga (HU-HUN-REN)

IT-UNIMIB

IT-FBK

DRD1 WP9



Å Knowledge and technology sharing and transfer, peer reviewing

Å Common tools, infrastructures , methodologiesé

Å Gas and Material studies

Å Modelling and Simulation

Å Electronics

Å Manufacturing Techniques

Å Testing Facilities

Å Knowledge dissemination

Appropriate R&D Framework to support Detector 
Innovation : Working Groups 
[transversal to the R&D activities of the groups]
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Built on RD51 assets , supported by the community  and 

available to the community



DRD1 Working Groups
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Working Group Description

WG1
Technological aspects and developments of new detector 

structures, common characterization and physics issues

WG2 Applications

WG3 Gas and materials

WG4 Modelling and simulations

WG5 Electronics for gaseous detectors

WG6 Production and technology transfer

WG7 Collaboration laboratories and facilities

WG8 Knowledge transfer, training, career promotion

24-25 November 2025



Technological aspects and developments of new 
detector structures, common characterization and 
physics issues
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Wire MPGD RPC

Advances the design and development of innovative detector architectures, including wire -based systems, RPCs, MPGDs, and large -

volume detectors, ensuring robust, scalable, and adaptable solutions for future experiments.

Support efficient scientific exchange, with proper peer review and discussion within the community, focusing on relevant aspects and keeping track of all 

Technological aspects and developments of new detector structures, common characterization and physics issues of interest for the he full DRD1 community

Emilio Radicioni (IT-INFN.BA), Ingo Martin Deppner (DE-GSI), Luca Moleri (IL-WIS), Michael 

Tytgat (BE-VUB), Paul Colas (FR-IRFU-CEA), Peter Wintz (DE-FZJ-GSI-UBOCHUM)

DRD1 WG1



Applications
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Cygno  Experiment Active Target TPC @ HIg S NA62 Straw

Bridges fundamental R&D and practical applications, identifying performance needs and promoting technological breakthroughs f or 

particle physics and other fields.

Support efficient scientific exchange with proper peer review and discussion within the community, focusing on relevant aspects and keeping 

track of all Applications covered by the full DRD1 community.

Diego Gonzalez Diaz (ES-USC-IGFAE), Francisco Garcia Fuentes (FI-HIP), Gabriella 

Pugliese (IT-INFN.BA), Giulio Aielli (IT-INFN.RM2), Riccardo Farinelli (IT-INFN.BO)

DRD1 WG2

Future Present Past (lesson learned)



Gas and Materials

R&D Framework : Facilitate contacts and 
exchange between different groups and 
expertise at Collaboration or Dedicated Meeting, 
supporting topical workshops, proposing 
common activities
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Topical Workshops: Towards Sustainable 
Gas Mixtures for Future Detectors  2025

Planned Common Activities: 
Å Gas Properties and Studies  of New Mixtures (syn. WG4)

Å Ageing and Outgassing

Å Recirculation and Recuperation Systems  (syn. WG7)

Å Resistive Materials  (syn. WG6)

Å Precision Mechanics  (syn. DRD8)

Develops new materials and eco -friendly gas mixtures to enhance detector performance and longevity, addressing aging and 

sustainability for high -performance, low -impact detectors.

Å Regulatory landscape , 

interdisciplinary and 

industrial perspectives

Å Gas Recovery, 

Recycling, and Closed -

loop Systems

Å Gas Replacement  

Strategies: Physics and 

Performance

Gas monitoring sensors and real -time 
visualisation (CERN Summer Student)

https://tinyurl.com/3cm2s22n

Alessandra Pastore (IT-INFN.BA), Beatrice Mandelli (CH-CERN), Francesco Renga 

(IT-INFN.RM1), Gianfranco Morello (IT-INFN.LNF), Stefan Roth (DE-RWTH-AACHEN)

Focus on: 
Å Gas properties: 

Å Eco-gases

Å Ageing and outgassing

Å Gas systems

Å Novel materials

Å Precision mechanics

DRD1 WG3



Modelling and Simulation

R&D Framework: Active contribution to the 
DRD1 schools (2024 and 2025) through 
lectures and tutoring. 

Organization of WG4 session at Collaboration 
Meetings (34 Contributions ) 

Organization of working meetings (9 events, 
53 contribution) on relevant topics: 
Å Simulation of Resistive Detectors 
Å Large Avalanches Topical Meeting 
Å Low Pressure Simulation & Measurements

WG4 Mailing list with almost 200 
subscription 
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Upcoming:

Organization of a dedicated 
simulation school in Bari 
(18ï22 May 2026). 

Space Charge Effects in Simulations 
of Large Avalanche Dynamics (CERN 
Summer Student)

Garfield++ @ Low Pressure 
(SWEATERS)

Advances simulation tools and modelling techniques to predict detector behaviour, optimize performance, and guide the design of 

future detectors.

Planned Common Activities: 
Å GARFIELD++ and MAGBOLTZ 

consolidation 
Å Simulation of Large avalanches
Å Study of the transition to streamer 

operation mode
Å Study of Timing properties
Å Electroluminescence
Å Techniques for fast simulations

https://repository.cern/records/fpfgq-hc985

Cross -Sections & MAGBOLTZ

Djunes Janssens (CH-CERN), Marcello Abbrescia (IT-INFN.BA), Maryna Borysova (IL-WIS), Paulo Fonte (PT-LIP), Ozkan 

Sahin (TR-ULUDAG), Piet Verwilligen (IT-INFN.BA), Rob Veenhof (CH-CERN), Supratik Mukhopadhyay (IN-SINP)

DRD1 WG4



Modelling and Simulation: Garfield & Co. 
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Garfield/Garfield++ & Co. (I): A cluster of developers
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Garfield++ , Heinrich Schindler (CERN),  https://indico.in2p3.fr/event/20627/contributions/94392/


