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Å Development of new or significantly improved scientific concepts , methods , instruments , or 
technologies .

Å Has potential  to create added value for scientific research (e.g. enhancing precision, sensitivity, 
scalability, or performance) and/or to  open new opportunities for measurements, understanding 
and/or discoveries.

Å Supported by evidence of feasibility, such as analytical studies, simulations, prototypes, or 
experimental validation.

Innovation (in Detector Development)
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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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Introduction
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Gaseous Detectors : where to look for innovation..
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Direct or indirect primary ionization, 

driven by what we need to detect and 

by measurement requirements.

With or without gain, at low or high gain, 

with small or  large dynamic range, 

proportional or not depending by 

measurement requirements.

Charge and/or photon detection, in 

multichannel or single-channel 

configurations, driven by measurement 

requirements.

Primary Ionization Charge Transport and Amplification Signal Readout



Gaseous Detectors: where to look for innovation..
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http://dx.doi.org/10.1016/j.nima.2014.09.061

https://doi.org/10.1016/S0168-9002(98)01233-9
I. B. Smirnov, Nucl. Instr. and Meth. A554(2005)474

https://indico.cern.ch/event/124394/contributions/98539/attachments/74607/107008/EDIT_SAUL

I_FUNDAMENTS.pdf

https://www-physics.lbl.gov/~spieler/

https://gdd.web.cern.ch/activities-opticalreadout

Primary Ionization Charge Transport and Amplification Signal Readout



Gas Detector Physics
https://indico.cern.ch/event/1522987/contributions/6665472/attachments/3135623/5563693/MWPC%20TO%20MPGD%20CERN%20SCHOOL25.pdf 
https://indico.cern.ch/event/1522987/contributions/6573052/attachments/3140548/5574024/gasik_DRD1_school_25.pdf 
https://indico.cern.ch/event/1522987/contributions/6427881/attachments/3136971/5566450/ketzer_gasdetphys1_sub.pptm

MPGD Technologies 
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf

M(RPC) Technologies: 
https://indico.cern.ch/event/1522987/contributions/6573027/attachments/3137271/5567043/Abbrescia@DRD1School2025.pdf 

Wire Based Technologies: 
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf 

Large amount of material, covering relevant and different aspects at the school's links:
DRD1 Gaseous Detectors School 2024: https://indico.cern.ch/event/1384298/
DRD1 Gaseous Detectors School 2025: https://indico.cern.ch/event/1522987/

Materials from the DRD1 Gaseous Detector Schools
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https://indico.cern.ch/event/1522987/contributions/6665472/attachments/3135623/5563693/MWPC TO MPGD CERN SCHOOL25.pdf
https://indico.cern.ch/event/1522987/contributions/6665472/attachments/3135623/5563693/MWPC TO MPGD CERN SCHOOL25.pdf
https://indico.cern.ch/event/1522987/contributions/6573052/attachments/3140548/5574024/gasik_DRD1_school_25.pdf
https://indico.cern.ch/event/1522987/contributions/6427881/attachments/3136971/5566450/ketzer_gasdetphys1_sub.pptm
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573026/attachments/3137813/5568135/MPGD-technologies-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573027/attachments/3137271/5567043/Abbrescia@DRD1School2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf
https://indico.cern.ch/event/1522987/contributions/6573040/attachments/3137817/5568140/PW-Wires-2025.pdf
https://indico.cern.ch/event/1384298/
https://indico.cern.ch/event/1522987/timetable/#all.detailed


Part I
Innovative solutions in gaseous detectors: a selection of past examples from 
which we may draw useful lessons for the future.
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1. New or significantly improved scientific concepts enabled by 
knowledge in detector physics : Timing detectorsé These could 
have been developed even some time agoé

2. New or significantly improved scientific concepts enabled by 
technical expertise and technology : Resistive elementsé These 
became feasible thanks to new technologies, new techniques, and 
colleagues with the appropriate expertiseé

Example s of Innovative Solution in Gaseous 
Detectors
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New or significantly improved scientific concepts 
enabled by knowledge in detector physics : 
Timing Detectors

Understanding the detector physics to reach, and potentially push, the performance 
limits.
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Innovation for timing detectors

11

First example: GEM based detectors

Å Optimizing time resolution by a factor of 3ï4 with MIPs ð leading to the LHCb muon chamber M1.

Second example: RPC

Å Pushing the time resolution by a factor of 10ï100 with MIPs ð leading to the multigap RPC.

Third Example: Micromegas based detectors

Å Pushing the time resolution by a factor of 100ï1000 with MIPs ð leading to the PICOSEC Micromegas
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Aiming at tens of ps



1. LHCb muon station M1 - Requirements
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Rate Capability: up to 500kHz/cm2

Radiation hardness: 6C/cm2 in 10 years @10k Gain

Low material budget

Cluster Size < 1.2 for a 10x25mm 2pad size

Station (Tracking and Triggering) Efficiency: >96% in 20ns

High-rate particle triggering with triple-GEM detector, Alfonsi et al., NIMA 518, 106-112



Existing Technologies and proposed Innovation
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http://cdsweb.cern.ch/record/684669/files/lhcb-

98-068.pdf
https://cds.cern.ch/record/705790/files/thesis-

2004-006.pdf

https://doi-org.ezproxy.cern.ch/10.1016/S0168-9002(02)00515-6

Our study  aimed  at  triple  GEM detector  optimization  

for  good  time  performance  through  a detailed  

investigation  of  the role  played  by detector  geometry,  

electric  fields  and gas mixture .

LHCb studies of Triple GEM detectors for the tracker



Intrinsic Time Resolution at leading edge
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Å M. P. Lener, Triple-GEM detectors for the innermost region of the muon apparatus at the LHCb experiment, 

Doctoral Thesis, https://cds.cern.ch/record/940631/files/thesis-2006-013.pdf

Å Ref. to Sauli 77, Principles of operation of multiwire proportional and drift chambers , https://cds.cern.ch/record/117989



Gas & Field Optimization
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CO2Ar

CF4

i-C4H10

M. P. Lener, Triple-GEM detectors for the innermost region of the muon apparatus at 

the LHCb experiment, Doctoral Thesis, https://cds.cern.ch/record/940631/files/thesis-

2006-013.pdf



Geometry & Field Optimization
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Induction Gap: 

Thinner induction gap 

and proper FE 

electronics to have a 

steeper rising edge of 

the signal/ prompt 

response

First Transfer Gap  (after 

GEM1): thinner to reduce the 

probability/amplitude of 

precursors signals (primary 

charge released between first 

GEM and readout)

https://cds.cern.ch/record/705790/files/thesis-2004-006.pdf

Studying signals in particle 

detectors with resistive elements 

such as the 2D resistive-strip 

bulk Micromegas. D. 

Janssens,MPGD2022, 

https://indico.cern.ch/event/1219

224/contributions/5130745/
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https://doi.org/10.1016/j.nima.2003.10.035

Detector Optimization 

picked up by CMS for its 

muon system

M. Bianco, The GEM detectors within the CMS 

Experiment, CERN EP Detector Seminar, 

8/7/2022, https://indico.cern.ch/event/1175363/



2. The multigap RPC: a detector for excellent time resolution
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https://indico.cern.ch/event/98658/contributions/1291608/attachments/1119123/159700

1/williams-mrpc.pdf

J

https://indico.cern.ch/event/415278/contributions/997124/att

achments/848946/1183143/Williams.pdf

C. Williams, 20 ps time stamping with Multigap 

RPC, Jul 19ï 20, 2010 CERN, RD51 Mini week 

, 

Crispin Williams, Innovative Detectors for 

Supercolliders, 29 Sept 2003, 3 Oct 2003, 

Erice (Italy) 



The multigap RPC: a detector for excellent time resolution
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C. Williams, https://indico.cern.ch/event/98658/contributions/1291608/attachments/1119123/1597001/williams-mrpc.pdf
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https://doi.org/10.1016/0168-9002(96)00158-1



https://www-sciencedirect-com.ezproxy.cern.ch/science/article/pii/S0168900204014081
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https://indico.cern.ch/event/98658/contributions/129160

8/attachments/1119123/1597001/williams-mrpc.pdf



3. PICOSEC Micromegas
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Discriminating the leading edge of the signal, the 

timing is strictly connected to the jitter of the cluster 

closer to the amplification stages (here the 

micromegas.. Before  - LHCb case ï was the triple 

GEM)é

From previous example (LHCb M1) intrinsic time 

resolution at leading edge for proportional counters 

with direct ionization of the gas is in the ns  range

Micromegas



Sub-nanosecond time response

24-25 November 2025E. Oliveri | Gaseous Detectors _SNRI 2025, Genova 23

1991 1999 2001



The PICOSEC Micromegas (new) concept 
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I. Giomataris (2014) Using localized in space and time primary ionization of the gas, produced with a Cherenkov radiator and a photocathode.
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Detector Characterization and Understanding
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Single Photoelectron Measurements (laser) at 

different field configuration
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From the jitter of 

the cluster closest 

to the amplification 

stage (in direct gas 

ionization) to the 

jitter of the starting 

of the avalanche

This studies guided 

future steps: 

Thinner gap, 

stronger field before 

instabilities, better 

resolutioné 

Today below 12ps 

resolution for 

1cm 2 single 

channel PICOSEC 

detectors & CsI 

photocathode



An interesting similarityé 
with the silicon LGAD (Low Gain Avalanche Detector)

27

Sensitive to the energy deposité as it was in a 

conventional micromegasé
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Innovation for timing detectors

28

First example: GEM based detectors

Å Optimizing time resolution by a factor of 3ï4 with MIPs ð leading to the LHCb muon chamber M1.

Second example: RPC

Å Pushing the time resolution by a factor of 10ï100 with MIPs ð leading to the multigap RPC.

Third Example: Micromegas based detectors

Å Pushing the time resolution by a factor of 100ï1000 with MIPs ð leading to the PICOSEC Micromegas
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Aiming at tens of ps

In all the three cases ï a proper understanding of the detector enabled innovative solutions



New or significantly improved scientific concepts 
enabled by technical expertise and technology : 
Resistive Elements
New (sometimes  old)  ideas  enabled by advancement in technology
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https://indico.cern.ch/event/149008/attachments/148102/

Development of spark -resistant large -area 
micromegas detectors for the ATLAS upgrade
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Resistive Element (in gaseous detectors)
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Pestovôs planar spark 

chambers (1970)

RPC, Santonico-

Cardarelli (1981)



https://indico.cern.ch/event/1233427/attachments/2575458/4441180/MPT%20Workshop.pdf

The CERN Micro Pattern Technology (MPT)  Workshop

24-25 November 2025E. Oliveri | Gaseous Detectors _SNRI 2025, Genova 32



ATLAS NSW Micromegas (2011)
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https://doi.org/10.1016/j.nima.2011.03.025



https://indico.cern.ch/event/1233427/attachments/2575458/4441180/MPT%20Workshop.pdf

From prototypes to final detectors (and to industry)
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In parallel, the community and the MPT workshop looked very 

intensively to other techniques compared to screen printing



Diamond Like Carbon Coating
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Used to provide stability to 

detectors, in particular single-

stage ones, they also offer 

additional advantages (e.g. 

improved position resolution, 

evacuation paths).

Starting with screen printing and evolving today into different flavours of materials 

and resistivities (e.g. DLC) where a larger range of resistivity can be exploited.



Old Ideas recoveredé
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The ɛ-RWELL detector . 

G. Bencivenni, R. De Oliveira, G. Morello, S. 

Martellini, et al.

Journal of Instrumentation (JINST) 12 (2017) 

P02017.

doi: 10.1088/1748-0221/12/02/P02017

The micro -resistive groove detector: a new compact 

single amplification -stage MPGD

Xiangqi Tian, Siqi He, Yi Zhou, Ming Shao, Jianbei 

Liu, Zhiyong Zhang, Lunlin Shang and Xu Wang

Journal of Instrumentation, Volume 19, July 2024 

DOI 10.1088/1748-0221/19/07/P07031

Development of the Micro Pixel Chamber with 

DLC cathodes,

Yamane F., Ochi A., Matayoshi K., Ogawa K., 

Ishitobi Y. Nucl. Instr. Meth. A 951 (2020) 162938.

https://doi.org/10.1016/j.nima.2019.162938

é

https://iopscience.iop.org/journal/1748-0221
https://iopscience.iop.org/journal/1748-0221
https://iopscience.iop.org/volume/1748-0221/19
https://iopscience.iop.org/issue/1748-0221/19/07
https://iopscience.iop.org/issue/1748-0221/19/07


CERN-INFN DLC Magnetron Sputtering Machine
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https://events.camk.edu.pl/event/124/contributions/1201/attachments/834/2
223/2025_10_09_SputteringMPT.pdf

https://indico.cern.ch/event/1566851/contributions/6600181/attachments/3142546/55796

06/2025-09-24_giovannetti_LNF_activities_WP1_task6.pdf

The screen-printing experience further confirmed that direct control of the production 

process makes a decisive difference.


