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The main objective of the R&D programme is to advance technological 
development and application of Micro Pattern Gas Detectors.



Collaboration Overview
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Technology driven R&D collaboration..
Wide spectrum of applications (HEP and beyond)..
World wide distributed..
More than 90 institutes and 400 participants..

https://rd51-public.web.cern.ch/



History (from conception to approval)
• Jan 2006 (CERN) Micro-pattern Gas Detectors: status and perspectives ( https://indico.cern.ch/event/473/)

• Sept 2007 (CERN) Micro Pattern Gas Detectors. Towards an R&D Collaboration. (https://indico.cern.ch/event/16213/ )

• Apr 2008 (Nikhef) Micro-Pattern Gas Detectors (RD-51) Workshop (https://www.nikhef.nl/pub/conferences/rd51/ ) 1st

Proposal (draft)

• July 2008, CERN, 94th LHCC, Proposal presented @ LHCC open session (https://indico.cern.ch/event/36159/) 

• Sept 2008, CERN, 95th LHCC, Meeting with Referees (http://cdsweb.cern.ch/record/1132796/files/LHCC-095.pdf) (*).

• Oct 2008, Paris, 2nd RD51 Collaboration Meeting (https://indico.cern.ch/event/35172/timetable/?view=standard )

• Dec 2008, CERN, 186th Research Board, Approval ( https://cds.cern.ch/record/1143639/files/M-186.pdf )(**).
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(*)

(**)

More or less 3 years

https://indico.cern.ch/event/473/
https://indico.cern.ch/event/16213/
https://www.nikhef.nl/pub/conferences/rd51/
https://indico.cern.ch/event/36159/
http://cdsweb.cern.ch/record/1132796/files/LHCC-095.pdf
https://indico.cern.ch/event/35172/timetable/?view=standard
https://cds.cern.ch/record/1143639/files/M-186.pdf


https://indico.cern.ch/event/473/contributions/1983757/attachments
/954023/1353776/Giomataris.pdf

https://indico.cern.ch/event/473/contributions/1983754/a
ttachments/954020/1353773/SAULI.pdf

https://indico.cern.ch/event/473/contributions/1983751/attachments/954018/1353770/presentation_fait_par_nicolas.ppt

https://indico.cern.ch/event/473/contributions/1983749/attac
hments/954017/1353767/Fanourakis.pdf

Micro-pattern Gas Detectors: status and perspectives, Jan 2006 
( https://indico.cern.ch/event/473/)

https://indico.cern.ch/event/473/
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https://cds.cern.ch/record/2621145/files/LHCC-
134.pdf

(Today) 3rd five-years term (2019-2023)

https://arxiv.org/pdf/1806.09955.pdf

HEP2022, RD51

https://cds.cern.ch/record/2621145/files/LHCC-134.pdf
https://arxiv.org/pdf/1806.09955.pdf
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Internal discussion ongoing 
concerning the future of the 
collaboration

(Today’s Agenda of the RD51 collaboration meeting @ CERN, https://indico.cern.ch/event/1138814)
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https://indico.cern.ch/event/999799/

Direct involvement of RD51 management (spokespersons) on 
Panel and Gaseous Detector Task Force

ECFA Detector R&D Roadmap

Contribution from community in roadmap symposium
https://cds.cern.ch/record/2784893

ECFA Detector R&D Roadmap & Synopsis 

Implementation and impact on RD51 under discussion



RD51 R&D Framework

• Scientific Structure: working groups

• Scientific Cultural Reference, Knowledge Transfer and Dissemination

• Common Tools

• Common Facilities and Infrastructures

• Common Projects

16/06/2020
HEP2022, RD51
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Scientific Structure
https://rd51-public.web.cern.ch/organisation-management
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Scientific Cultural Reference, Knowledge Transfer and 
Dissemination
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Regular (3/y) meeting  and Topical Workshops…

Workshops
•Workshop on Wide Dynamic Range Operation of MPGDs, 
CERN/remote (18 November 2021)

•Workshop on Front End Electronics for Gas Detectors, remote-only 
(15-17 June 2021)

•Mini-Workshop on gas transport parameters for present and 
future generation of experiments

•Workshop on Gaseous Detector Contributions to PID, remote-only, 
(16-17 February 2021)

•Workshop on DLC, CERN (12-13 February 2020)

•MPGD Stability workshop, Munich, Germany (18-22 June 2018)

•MPGD Applications Beyond Fundamental Science, Aveiro, Portugal 
(15-16 September 2016)

https://indico.cern.ch/event/1071632/timetable/#20211118.detailed
https://indico.cern.ch/event/1040996/timetable/#all
https://indico.cern.ch/event/1022051/
https://indico.cern.ch/event/996326/
https://indico.cern.ch/event/872501
https://indico.cern.ch/event/709670/
https://indico.cern.ch/event/525268/
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Lectures…
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https://rd51-
public.web.cern.ch/index.php/m
eetings-workshops

Schools…
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https://www.weizmann.ac.il/con
ferences/MPGD2022/

Conferences…
• MPGD2022 - 7th International Conference on Micro Pattern Gaseous Detectors (Rehovot, Israel)
• MPGD2019 - 6th International Conference on Micro Pattern Gaseous Detectors (La Rochelle, France)
• MPGD2017 - 5th International Conference on Micro Pattern Gaseous Detectors (Philadelphia, USA)
• MPGD2015 - 4th International Conference on Micro Pattern Gaseous Detectors (Trieste, Italy)
• MPGD2013 - 3rd International Conference on Micro Pattern Gaseous Detectors (Zaragoza, Spain)
• MPGD2011 - 2nd International Conference on Micro Pattern Gaseous Detectors (Kobe, Japan)
• MPGD2009 - 1st International Conference on Micro Pattern Gaseous Detectors (Kolympari, Crete)
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https://indico.cern.ch/event/365840/
https://indico.cern.ch/event/392833/

https://indico.cern.ch/event/265187/

Academia-Industry Matching Events…

Photon DetectionNeutron Detection 1st Neutron Detection 2nd

https://indico.cern.ch/event/365840/
https://indico.cern.ch/event/392833/
https://indico.cern.ch/event/265187/
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Internal Notes…
https://espace.cern.ch/test-RD51/RD51 internal notes



Common Tools (Modelling/Simulation and Electronics)
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Modelling and simulation



Electronics for MPGDs

Hardware available soon for the community

Laboratory tests

Clustering RD51 member 

for common developments

Here focused on Scalable Readout System (SRS) & BNL VMM3a but wider…

22



Common Facilities (laboratory and testbeam) and 
infrastructures (MPT workshop)
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CERN 154/R-007 GDD Laboratory
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EP-DT-DD Gas Detector Development (GDD) lab

Common facility at CERN for the collaboration to perform detector R&D
(design, mounting, testing and measuring). Technical (detector, electronics,
instrumentation,..) and scientific (meetings, links, collaboration,..) support.
Support during the RD51 test beam campaign. Access to technical CERN
facilities. Close to Micro Pattern Technology Workshop and Thin Film and
Glass laboratory. Vital and important support from CERN (EP-DT) on
maintenance and operation.

Clean Room Irradiation Charge and Optical readout UV photocathode 
characterization 

• Expertize and links
• Equipment
• Close to MPT workshop
• Close to North Area Test beam
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Test Beam @ CERN (SPS, North Area Extr. Lines)

About three periods of two weeks each per 
year with more than 10 setup running in total. 
Since few years beam time shared with GIF++

16/06/2020 HEP2022, RD51

Test Beam Coordinators: Y. Tsipolitis, E. Oliveri

NTUA



CERN MPT Workshop

Secured future of the MPGD technologies development

HEP2022, RD51
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• UV exposure up to 2.2m x 1.4m
• Resist developers, stripper, etcher, dryer up to 1.2m width
• GEM electro etch up to 2m
• GEM polyimide etch up to 2m
• Ovens up to 2.2m x 1.4m
• Laminator up to 1.2m
 GEM up to about (2x0.5)m2, mm up to (2x1)m2

https://indico.cern.ch/event/791893/

Almost all families of MPGD produced…
GEM, THGEM, MM-THGEM,
Micromegas, mRWELL, RPWELL, DLC with MPGDs, …

Several ongoing R&D lines (here resistive layers 
and detectors based on DLC as one example)

https://indico.cern.ch/eve
nt/872501/contributions/3
723342/attachments/1986
258/3309780/Processes_a
nd_problems.pdf

https://indico.cern.ch/event/872501
/contributions/3723338/attachment
s/1985981/3509025/DLC%20commu
nity%20contributions%20from%20R
D51%20common%20project-TV.pdf

In synergy with:

(I) R&D 

16/06/2020



CERN MPT Workshop

https://indico.cern.ch/event/791893/

More than 1400 GEMs produced in 
the EP/DT/MPT 

Production was spread over a 
period of 2 years and required the 
constant effort of a team of five 
people, up to seven at the peak of 
production. 

The production yields of about 70% 
initially, reached 90% in average at 
the end of production, with peaks 
at 100% for some batches. 

The deadlines fully respected.

GEM production for ALICE GEM TPC and CMS GE1/1

Several experiments
COMPASS, LHC-B, KLOE, CBM 
@FAIR, BM @ N, Phoenix TPC, 
SBS tracker, T2K, Compass 
tracker, Compass RICH, ILC TPC 
prototypes, ILC Calorimeter 
prototypes, ATLAS NSW …

(III) Industrialization
(II) Production • Crucial role of the MPT workshop.

• Quite stable (↑/↓) scenario
• Several companies involved in he past years. 

“Difficult” market.
• Long-lasting Effort

Some lessons learned:
• Industrialization possible if large involvement

from large project 
• Important to involve the industrial partner 

from the beginning  ( see mRWELL with 
ELTOS, Techtra already in initial R&D phase)16/06/2020 HEP2022, RD51 27



Common Projects
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R&D Framework: Common Projects

• Technology R&D projects towards 
developments of novel techniques, 
improvements of existing technologies, 
characterization methods and dedicated tools;

• Development and optimization of MPGDs for 
novel applications; 

• Improvement of the MPGD technology 
transfer to industry.

Comprehensive studies of the glass, ceramic- and kapton-THGEMs in high- and low-pressure TPCs
2021, P. Majewski
Development for Resistive MPGD Calorimeter with timing measurement
2021, P. Verwillligen
Optical readout studies for negative ion TPCs
2020, F. Brunbauer
Large area high-granularity segmented mesh microbulk for future rare event searches
2020, J. Galan
Discharge Consortium in quest for Spark-Less-Avalanche-Microstructures
2019, P. Gasik
Pixelated resistive bulk Micromegas with integrated electronics 
2019, F. Petrucci
Resistive materials and resistive-MPGD concepts & technologies 
2019, S. Bressler
Modular & General purpose Ultra Low Mass GEM Based Beam Monitors 
2018, G. Croci
DLC based electrodes for future resistive MPGDs 
2018, Y. Zhou
Study of negative ion mobility and ion diffusion for Negative Ion TPCs 
2018, A. Cortez
Development of modular multilayer GEM units 
2017, A. Milov
Sampling Calorimetry with Resistive Anode MPGDs (SCREAM) 
2016, M. Chefdeville
New Scintillating gases and structures for next-generation scintillation-based gaseous detector 
2016, D. Gonzalez Diaz

Supporting “Blue-Sky” projects and  research lines that could have difficulties to be funded 
elsewhere (too generic or too risky or too..)

Common Projects

As well a  tool for: 
• promoting collaboration 

between institutes
• promoting self-sustaining

collaborations with large 
potential and impact

https://rd51-public.web.cern.ch/commonprojects



The aim of the RD51 collaboration is to provide an appropriate framework to 
support and advance technological developments and applications of Micro Pattern 
Gas Detectors (previous slides)

Each member of the collaboration preserve scientific freedom, its own identity and 
will perform its own research… Very diversified “portfolio” of R&D lines and 
applications.…
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MPGD technologies and dissemination

I have selected (next slides) a few examples (surely not a complete set.. I apologize) of 
“fresh” activities shown in HEP2022 and during the ongoing RD51 Collaboration Meeting, 
activities linked to R&D lines carried on by Institutes from Greece



MPGD for LHC LS2 Upgrades
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Next EP DETECTOR SEMINARS: ATLAS NSW (Theodoros Vafeiadis , June 17), ALICE GEM-TPC (Robert Helmut 
Munzer, June 24),  CMS GEM (Michele Bianco, July 8) https://indico.cern.ch/category/84/

https://ep-news.web.cern.ch/content/atlas-
new-small-wheel-upgrade-advances-0

https://ep-news.web.cern.ch/upgraded-alice-tpc https://ep-news.web.cern.ch/content/demonstrating-
capabilities-new-gem

ATLAS NSW MicroMegas ALICE GEM-TPC CMS GEM muon endcaps



MPGD for LHC LS2 Upgrades
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https://ep-news.web.cern.ch/content/atlas-
new-small-wheel-upgrade-advances-0

ATLAS NSW MicroMegas

(*) @HEP2022 (Wednesday)… 

- The Control System of the New Small Wheel Electronics 
for the ATLAS experiment, Polyneikis Tzanis (NTUA) 

- Performance studies of Micromegas electronics in a high 
radiation environment at the CERN Gamma Irradiation 
Facility (GIF++), Foteini Kolitsi (University of West Attica) 

- The NSW High Voltage Infrastructure, Ioannis Drivas-
Koulouris (NTUA)

Relevant involvement of Institutes from Greece on all phases 
from R&D to construction, installation, operation and 
commissioning,…



Modelling: Detector with Resistive elements
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Numerical signal modelling of induced signal 
(Djunes Janssens, CERN) 

From ongoing RD51 Coll. Meet…



MPGD and Calorimetry (DHCAL)
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https://indico.cern.ch/event/1138814/contributions/4904132/attachm
ents/2461636/4220584/PCa-RD51-Final.pdf

https://indico.cern.ch/event/1138814/contributions/4914236/attachments/246
1793/4220894/RD51_June2022_Darina_WIS.pdf

https://doi.org/10.1016/j.nima.2021.165268

INPP, NCSR Demokritos, Agia Paraskevi, Attiki, Greece

From ongoing RD51 Coll. Meet…

Vertical Charge Evacuation introduced on 
resistive micromegas

Proportional 
Counter Array 
(PCA), USTC

Resistive Plate 
WELL 
(RPWELL), 
Weizmann

https://doi-org.ezproxy.cern.ch/10.1016/j.nima.2021.165268


MPGD and Precise Timing: PICOSEC mm (*)

(*) @HEP2022 (Friday)… 
- AUTH contribution in the development of the multipad PICOSEC-MicroMegas, Ioannis Maniatis (AUTH)
- Contribution to the waveform analysis of the ENUBET calorimeter, Ioannis Angelis (AUTH) 
- Development of a Simulation Model and Precise Timing Techniques for PICOSEC-MicroMegas Detectors, 
Alexandra Kallitsopoulou (AUTH)

https://indico.cern.ch/event/1138814/contributions/4915978/att
achments/2462081/4221391/Picosec_Advacments_f_AU.pdf

Custom Amp. developed by M. 
Kovacic (CERN SY-EPC-HPM), 
based on RF amplifier (C. 
Hoarau et al 2021 JINST 16 
T04005)

Multi-channel 
digitizer- SAMPIC (D. 
Breton, J. Maalmi et 
al.)

100 pads, 10cm x 10cm active area

+

From ongoing RD51 Coll. Meet…
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Estimated arrival time for shared signals

AUTH: I Angelis, A. Kallitsopoulou , K. Kordas, C. Lampoudis, I. 

Maniatis, I. Manthos, K. Paraschou, D. Sampsonidis, A. Tsiamis, S.E. 

Tzamarias

PICOSEC micromegas data analysis



MPGD and Optical Readout TPC: MIGDAL Experiment (*)

(*)@HEP2020 (Wednesday) 

MIGDAL: Towards an unambiguous observation of 
the Migdal effect in nuclear scatteringSpeaker: 
Ioannis Katsioulas (University of Birmingham)
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https://docs.google.com/presentation/d/1RHUdCuiRFnfVFWRq2x
X1JBmRlROCJA5RuOefguH8VBk/edit#slide=id.g112cfdfe628_4_17

RD51 mini week, Feb. 2022 (P. Majewski)



(*) @HEP2022 (Wednesday) NEWS-G: Search for Light Dark Matter with a 
Spherical Proportional Counter, Patrick Knights
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https://indico.cern.ch/event/1071632/contributions/4617237/attachments/
2348787/4005845/rd51_spc_knights.pdf

DM searches: Spherical Proportional Counter (~ MPGD)
From RD51 topical workshop "Wide Dynamic Range Operation of MPGDs" 

ACHINOS, 
Multi-Anode 
Readout



MPGD and Muon tomography(*)
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https://indico.cern.ch/event/1110129/contributions/4714212/attachments/2386499/4078780/2022-02-07_RD51_Procureur_public.pdf

(*) @HEP2022 (Friday)…Muon tomography with MicroMegas detectors, Dimitra Amperiadou (AUTH)

S. Procureur et al.

RD51 mini-week Feb. 2022



MPGD and new materials: Graphene
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https://indico.cern.ch/event/702148/contributions/2907959/at
tachments/1606409/2549020/Geralis_mM_Graphene.pdf

From ongoing RD51 Coll. Meet…

https://indico.cern.ch/event/1138814/contributions/4922756/attachments/2463381/4223761/220615_RD51.pdf

https://indico.cern.ch/event/1138814/contributions/4901243/attachments/2461673/4220653/AA_Rd51_2022_06_14.pdf



Before going to conclusions… a good link for MPGD dissemination
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Maksym Titov, Conference Summary, 5th International Conference on Micro-Pattern Gas Detectors (MPGD2017), 
Temple University, Philadelphia

https://indico.cern.ch/event/581417/contrib
utions/2558346/attachments/1465881/2266
161/2017_05_Philadelphia_MPGD2017-
ConferenceSummary_25052017_MS.pdf

https://indico.cern.ch/event/581417/contributions/2558346/attachments/1465881/2266161/2017_05_Philadelphia_MPGD2017-ConferenceSummary_25052017_MS.pdf


Conclusion

• RD51 started in 2008, now in the third five-years term that will end in 2023. 
Discussion concerning the future ongoing in the collaboration and in the 
context of the ECFA implementation…

• Keeping the original scientific structure (7 working groups) in the past 15 years 
the collaboration strengthened its own model for R&D,  developing a 
framework to facilitate R&D on MPGD technologies, granting scientific 
freedom of the members and supporting generic and project driven R&D…

• Large dissemination of the technology in different fields. In HEP, three major 
upgrades during LS2 @ LHC (ATLAS NSW micromegas, ALICE TPC-GEM and 
CMS GEM) are good example of the maturity reached…
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https://www.weizmann.ac.il/conferences/MPGD2022/

CERN Detector Seminars 
(series on LHC LS2 upgrades)

MPGD2022 (December 11-16)

https://indico.cern.ch/category/84/

A warm invitation…

• ATLAS NSW (Theodoros Vafeiadis , June 17)

• ALICE GEM-TPC (Robert Helmut Munzer, June 24)

• CMS GEM (Michele Bianco, July 8)


