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Gaseous Detectors Sessions & Talks @ CPAD2021 Workshop 

 19 – Gaseous Detectors Track (11 – MPGDs)
 3 - Early Carrier Track
 2 – Photon Detectors Track
 2 – Nobel Elements Track
 3 – Low Background / Low Threholds Track
 2 – Readout and ASICs

Gaseous Detectors-related talks @ CPAD:

4 parallel sessions @ CPAD ; ~ 25 abstracts submitted to Gaseous Detectors Track



MPGD Technologies @ RD51 Collaboration

 CERN – RD51 collaboration):
https://rd51-public.web.cern.ch/welcome

~ 90 RD51 institutes in 25 countries
9 Institutes from the USA

 Scaling up MPGD detectors, while 
preserving the typical properties of 
small prototypes, allowed their
use in the LHC upgrades  
 Many emerged from the 

R&D studies within the 
CERN-RD51 Collaboration

 Future RD51 activities for advanced 
MPGD concepts includes 
Generic « Blue-Sky » R&Ds:

- Resitive materials & architectures;
- Fast and precise timing;
- Hybrid detectors (MPGDs + CMOS,
optical readout of MPGDs, …);

- Novel materials & fabrication 
techniques (MEMS, nanotechnology,
sputtering, novel PCs, 3D printing)

- …

JINST15 C10023 (2020)

arXiv: 1806.09955

MPGDs in the LHC Experiments:



MPGD Developments for Future Experiments @ Jlab

K. Gnanvo

 There is a lot of synergy & complementarity for MPGD R&D Needs 
between Energy Frontier Colliders and Nuclear Physics Experiments



MPGD Developments for Future EIC Collider
 All proposed EIC concepts feature a form of large MPGD detectors: 

Tracking (GEM, Micromegas, µWELL), PID-RICH (THGEM+MM, GEM), TRD (GEM)

K. Gnanvo (eRD6 and eRD22: Detector R&D programs for EIC)



LCTPC Collaboration: MPGD-Based TPC for the ILD Detector at ILC

ILC: gating scheme, based on large-aperture GEM
 Machine-induced background and ions from gas amplific.
 Exploit ILC bunch structure (gate opens 50 us before

the first bunch and closes 50 us after the last bunch)

Electron transparancy
> 80% for ∆V ~ 5V

Spatial resolution of σT ~ 100 um and dE/dx res. < 5% 
have been reached with GEM, MM and InGrid)  

arXiv: 2003.01116

Studies in Large TPC Prototype: 120 “InGrid“ Assembly
320 cm² active area, 10,5 mio. channels, RD51-SRS

Module with
96 InGrids

on 12 „octoboards“

LP Endplate with 3 modules

J. Kaminski

 New TPC generations use MPGD-based readout: e.g. ALICE Upgrade, T2K, ILC, CepC, EIC

Three MPGD options are foreseen for the ILC-TPC:
Wet-etched / Laser-etched GEMs
 Resistive Micromegas with dispersive anode 
 GEM + CMOS ASICs, « InGrid » concept

(integrated Micromegas grid with Timepix chip)

Micromegas GEM      

InGrid

 First use of InGrid in experiment CAST (since 2014) 
 Future potential applications: IAXO, CYGNUS, … 



MPGD-Based TPC Developments @ CPAD2021

Open Field-Cage GEM-based TPC for 
the MAGIX Experiment

High-rate TPC for Electron-Ion Collider (R&D inherited from ALICE TPC Upgrade):
Hybrid: Micromegas

+ 2 GEM scheme
4GEM Structure with

mis-aligned hole pattern

B. Azmoun

S. Caiazza

MPGD-based TPC for CePC Collider
High luminosity (Z-peak) No Gating possible

H. Qi



Several Examples of MPGD Developments @ CPAD2021

G. Mezzadri

μTPC readout is being 
implemented for

cylindrical geometry

Study of photonuclear reactions
with active-target GEM-based TPC

M. Fila

Micromegas-based TPC for 
Radioactive Material Screening

H. Du

Cylindrical GEMs for BES-III Experiment: Pixelated Restitive Micromegas
Studies for high rates (~10’s MHz/cm2):

M. Della Pietra



Gaseous Detectors @ FERMILAB Experiments

 Mu2e Tracker Construction & Future Mu2e-II Tracker Opportunities:

Mu2e Tracker: Straw tubes in 1T B-field:
• Segmentation to minimize occupancy
• Thin walls minimize multiple scattering
• No support structure in tracking region
• High radiation survival (struct. & electr.)

Mu2e-II tracker: how
to make straws thinner ?

8 µm mylar straws

D. Ambrose

 High-Pressure Gaseous-Argon TPC for the DUNE Near Detector:
DUNE Near 

Detector Complex;

High Pressure Gas Ar TPC:

 Re-use ALICE’s MWPC 
 Ar-CH4 (90-10) at 10 atm
 HPgTPC will be surrounded by 

ECAL & superconducting magnet

T.  A. Mohayai



NEWS-G: Search for Dark Matter with Spherical Proportional Counters
NEWS-G Collaboration: 5 countries, 
10 institutes, ~40 collaborators
Three underground laboratories:
 SNOLAB 
 Laboratoire Souterrain de Modane 
 Boulby Underground Laboratory

Increasing Target Mass and Reducing Background:
 ACHINOS, electroformation, … 
 Several detectors scheduled for the coming years 
 Eventually sensitivity could reach neutrino floor 

Nuclear Quenching
Factor measurements:

CEνNS & 
NEWS-G

M. Vidal

K. Nikolopoulos



 ACHINOS: Multi-anode sensor 
- Multiple anodes placed at equal radii 
- Decoupling drift and amplification fields 
- Opportunity: individual anode read-out 

 Electroplating Copper – Background Mitigation
- Internal shield: add layer of extremely radio-pure copper 

500μm deposited in 2 weeks (~36μm/day)
- First large-scale underground radio-pure electroformation

Recent Instrumentation Advances for NEWS-G Experiment

K. Nikolopoulos
I. Katsioulas



CYGNUS: MPGD TPCs for Low-Energy Nuclear Recoil Imaging
Multi-Site Galactic Recoil Observatory with directional sensitivity to WIMPs and neutrinos

3D vector directionality in gas TPC w/ highly segmented readout

CYGNUS: 55 members / 6 countries

CYGNUS 
Proto-collaboration: 

55 members from six
countries: US (6 Faculty 
members), UK, Japan, 

Italy, Spain, China

Vector Tracking at Low Energies:

 Using primary track recovery, 
performance is limited by:

- integration effects, 
- amplification dispersion,
- drift diffusion

Future developments 
« InGrid » & negative-ion TPC

S. Vahsen

P. Lewis

arXiv: 2102.04596



The CYGNO TPC: Optical Readout for Directional Study of Rare Events
CYGNO is working in the framework of CYGNUS: international Collaboration 
for realization of Multi-side Recoil Directional Observatory for WIMPs & ν’s

Electroluminiscence
studies: readout light

produced during
multiplication 

process in GEMs

C. Monteiro

GEM Optical readout:
Promising performance 

in a few keV region

Optically readout TPC: 3D tracking (position and direction); 
total released energy measurement and dE/dx profile; 

D. Pinci



Gas-Filled Neutron Imager Operating in Ionization Mode

MPGD-based Cherenkov Detector for 
COMPASS and other applications (also for EiC)

Thermal Neutron Detection in 3He n + 3He → p + 3H + 764 keV
Installed at ANSTO’s OPAL reactor

ADC (Energy) scale ≥ 15 pads
Tracks = 146 ∼ 0.02 ct s-1 m-2

ADC (Energy) scale ≥ 5 pads 
Tracks = 6318 ∼ 1 ct s-1 m-2

Ability to distinguish thermal
neutron from fast neutrons

G. Smith

Micromegas with picosecond-timing 
resolution (RD51 Picosec Collaboration) 

S. White (Readout & ASICs)

Potential alternative to CsI photocathode

F. Tessarotto
(Photodetectors)



SNOWMASS Instrumentation Frontier WG5: MPGD Topical Group
Conveners: Sven Vahsen (Univ. of Hawaii), Bernd Surrow (Temple Univ.), Maxim Titov (CEA Saclay) 

Preliminary List of Snowmass White Papers:

WP1: MPGDs: Recent advances & current R&D 

WP2: MPGDs for nuclear physics experiments WP5: MPGD for muon detection at future colliders 

WP4: MPGDs for TPCs at future lepton colliders

WP3: Recoil imaging for DM, neutrino, and BSM physics 
Inter-frontier (Neutrino, Dark Matter, Instrumentation) White 

Paper on directional nuclear + electron recoil detection

 There has been a strong interest in MPGDs from US groups for Snowmass process
 Gaseous Detectors could be a potential area of growth in the US  MPGD applications

span collider experiments, dark matter searches, neutrino experiments, nuclear physics, ...



BACKUP SLIDES:



Gaseous Detectors @ Future Collider Experiments: 
From Wire / Drift Chamber  TPC  Micro-Pattern Gas Detectors

Primary choice for large-area coverage with low material-budget (+ dE/dx measurement)

1990’s: Industrial advances in photolithography has favoured the invention of novel micro-structured gas
amplification devices (MSGC, GEM, Micromegas, …)

Rate Capability: 
MWPC vs MSGC

HL-LHC Upgrades: Tracking (ALICE TPC/GEM); Muon Systems: RPC, CSC, MDT, TGC, GEM, Micromegas; 

Future Hadron Colliders: FCC-hh Muon System (MPGD - OK, particle rates are comparable with HL-LHC)
Future Lepton Colliders: Tracking (FCC-ee / CepC - Drift Chambers; ILC / CePC - TPC with MPGD readout) 

Calorimetry (ILC, CepC – RPC or MPGD), Muon Systems (many gas det. are OK)

Future Election-Ion Collider: Tracking (GEM, µWELL; TPC/MPGD), RICH (THGEM), TRD (GEM)



Micro-Pattern Gaseous Detectors: RD51 Collaboration

combination of generic and 
focused R&D with bottom-top 

decision processes, full 
sharing of “know-how”, 
information, common 

infrastructures 

This model can be exported 
to other detector domains

Coordination through RD51 (« RD51 Model »):

 CERN – RD51 website (recently updated):
https://rd51-public.web.cern.ch/welcome

 Today: ~ 90 RD51 institutes in 25 countries
(9 institutes from the USA)

 RD51 proposal for extension beyond 2018: 
arXiv: 1806.09955

 Started in 2008, RD51 technological
collaboration approved by the CERN 
Research Board for the third
five-years term (2018-2023)
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