
PSD and Micro Pattern Gas Detector 
technologies

Eraldo Oliveri, CERN, EP-DT-DD, Gas Detector Development (GDD) team



• Micro Pattern Gas Detector (MPGD) technologies (very short, with some useful link)

• Strategies for Position Sensitive Detectors 

• 1st part… General (and short) intro 

• 2nd part… Focused on the readout stage and aspects not necessarily exclusive of 

gaseous detector

• Readout layouts and resistive elements (charge induced signals)

• Modelling & Simulation and new FE electronics

• Pixel (charge & photon) sensors

Outline
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“The conference has a strong 

multidisciplinary bias and 

encourages cross-fertilisation and 

transfer of ideas between 

researchers working in many 

different fields.”



• Biased by my research activities and community (CERN GDD & EP RD, RD51) …

• Focused on Micro Pattern Gas Detector … 

• Impossible to be exhaustive or complete…

• Main goal is to highlight what are the possibilities in the context of position sensitive 
detectors…

• Some of the shown concepts/ideas are/looks old.. but they are today revised thanks to 
new technological developments in manufacturing, material, electronics…

• I apologize with colleagues if their work will not be not presented properly…

Disclaimers
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Talks

1. Micromegas sectors for the ATLAS Muon Upgrade, towards the installation of the New Small Wheel in 2021 , 
Luca Martinelli

2. High rate capability studies of triple-GEM detectors for the ME0 upgrade of the CMS muon spectrometer , Luis 
Felipe Ramirez Garcia

3. High-granularity optical and hybrid readout of gaseous detectors: developments and perspectives , Florian 
Maximilian Brunbauer

4. Studies on tetrafluoropropene-CO2 based gas mixtures for the Resistive Plate Chambers of the ALICE Muon 
Identifier, Alessandro Ferretti

5. Detectors for Neutron Facilities , Richard Hall-Wilton

6. GridPix: the ultimate electron detector for TPCs, Harry Van Der Graaf

7. High Granularity Resistive Micromegas for high particle rates environment, Massimo Della Pietra

8. Towards the first observation of the Migdal effect in nuclear scattering I. Design and construction of the 
MIGDAL experiment,  Mohammad Nakhostin

9. Precise timing and recent advancements with segmented anode PICOSEC Micromegas prototypes, Dr 
Ioannis Manthos

Posters

1. A programmable readout system for 3He/BF3 neutron detectors, Mr Yuri Venturini

2. The Hyperbolic drift chamber for ALERT, Gabriel Charles

3. Background in the CMS Drift Tubes: measurements with LHC collision data and implications for detector 
longevity at HL-LH, Lisa Borgonovi 

4. Precision Antihydrogen Annihilation Reconstructions using the ALPHA-g Apparatus, Ms Pooja Woosaree

5. Timing techniques with picosecond-order accuracy for novel gaseous detectors, Aggelos Tsiamis 

6. Upgrade of the ATLAS Muon Spectrometer with high-resolution Drift Tube Chambers (sMDT) for LHC Run-3, 
Elena Voevodina

7. Precision tracking micro-pattern gaseous detectors at Budker INP, Timofei Maltsev

Contributions linked to gas detector @ PSD12
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8. Small-Strip Thin Gap Chambers for the Muon Spectrometer Upgrade of the ATLAS Experiment , Xinfei

Huang

9. CMS Improved Resistive Plate Chamber Studies in Preparation for the High Luminosity Phase of the LHC, 

Cecilia Uribe Estrada

10. Position reconstruction studies with GEM detectors and the charge-sensitive VMM3a ASIC, Lucian 

Scharenberg

11. A slice-test demonstrator for the upgrade of the CMS Drift Tubes at High-Luminosity LHC, Carlo Battilana

12. The Topmetal-CEE Prototype, a Direct Charge Sensor for the Beam Monitor of the CSR External-target 

Experiment, Dr Chaosong Gao

13. A Novel Front-End Amplifier for Gain-less Charge Readout in High-Pressure Gas TPC, Dr Chaosong Gao

14. A congestion awareness and Fault-tolerance Readout Network ASIC for High-Density Electrode Array 

Targeting Neutrinoless Double-Beta Decay Search in TPC, bihui you

15. ACHINOS: A multi-anode read-out for position reconstruction and tracking with spherical proportional 

counters, Dr Patrick Ryan Knights

16. Cylindrical GEM Inner Tracker for the BESIII experiment, Sara Morgante

17. Gas electron tracking detector for beta decay experiments, Dagmara Rozpedzik

18. Longevity Study on the CMS Resistive Plate Chambers for HL-LHCC, Reham Aly

19. Novel zigzag and diamond pattern for Micromegas and Gas-based detector, Maxence Revolle

20. The ATLAS Muon spectrometer upgrade for the High Luminosity LHC using a new generation of Resistive 

Plate Chambers, Mauro Iodice

MPGD, RPC, WIRES, ELECTRONICS, SphPC

Apologize if I missed someone



MPGD: Micro Pattern Gas Detector 
technologies
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Short historical intro and overview of current situation…
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1st

(Simplified) Historical flow
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Today

mPIC

Micro bulk InGridMicromegas Bulk

GEM THGEM

MHSP

GLASS GEM50mm GEM

THCOBRA mRWELL

• High Rate Capability

• High Gain

• High Space Resolution

• Good Time Resolution

• Good Energy Resolution

• Excellent Radiation  Hardness

• Good aging Properties

• Ion Backflow Reduction

• Photon Feedback  Reduction

• Large size

• Low material budget

• Low cost

• …

• Up to MHz/mm2  (MIP)

• Up to 105 -106   

• <100mm

• In general few ns , sub-ns in specific configuration

• 10-20% FWHM @ soft X-Ray (6KeV)

• % level sort of easy, below % in particular configuration

• m2

Technology share-point RD51  (Development of 

Micro-Pattern Gas Detectors Technologies) 

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



Avalanches in …
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http://www-flc.desy.de/tpc/projects/GEM_simulation/

Development and tests of mPIC Resistive 

Cathode, A. Ochi

https://cds.cern.ch/record/2238861/fil

es/10.1088_1748-

0221_10_02_P02008.pdf
https://cds.cern.ch/record/2152254/fi

les/arXiv:1605.02896.pdf

Meshes (MM) Holes (GEM) Blind holes (WELL) Dots (PIC)

Down to tens/hundreds of microns scale 

(good from PSD perspective)

http://www-flc.desy.de/tpc/projects/GEM_simulation/


MPGD for LHC (LS2 Upgrades) / Important 
milestone in the context of instrumenting large area 
systems
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https://indico.cern.ch/event/1038992/contributions/43

63702/attachments/2256312/3829107/LHCC_146th_

ALICE_Status_Mesut_Arslandok_comp.pdf

https://indico.cern.ch/event/1038992/contributions

/4363710/attachments/2256387/3828801/LHCC_

ATLAS_OpenSession_June2nd.pdf

https://ep-news.web.cern.ch/cms-gems-are-changing-gear

NSW Muon System 

micromegas

TPC GEM

Muon System

(GE1/1) 

GEM

@PSD12 Micromegas sectors for the ATLAS Muon 

Upgrade, towards the installation of the New Small Wheel 

in 2021 , Luca Martinelli

@PSD12 High rate capability studies of triple-GEM detectors 

for the ME0 upgrade of the CMS muon spectrometer , Luis 

Felipe Ramirez Garcia

! !



Possibilities and Strategies for 
MPGD based PSD
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Going through examples of current research lines…



Each stage plays a role in the achievable position 
resolution.

Most of the time, stages are decoupled and 
optimization of each stage can be done 
independently from the others.

Despite the fact that probably the first one is the 
one that can be more innovative …

Today I will focus mostly on the last one..

It refers to aspects that are of interest of other 
technologies as well and it is therefore more in 
the spirit of the conference of encouraging cross-
fertilisation and transfer of ideas between 
researchers working in many different fields

Followed approach: How to improve position resolution
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Primary charge (primary ionization in 

gas or via converters)

Amplification and Transfer stages (gas 

and micro pattern structures)

Readout stage (coupled to 

charge/photons sensitive electronics)

In the readout part we do have in fact several – technology 

driven - new options/strategies that can be explored to push 

performances to the limit … 



Primary charge
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X-ray polarimetry: a new window

in the high energy sky

Ronaldo Bellazzini

INFN - Pisa

F.M. Brunbauer et al

2018 JINST 13 T02006

Detectors and electronics for neutron 

detection in the NMX instrument of 

European Spallation Source, M. 

Lupberger

@PSD12 Detectors for Neutron Facilities , Richard Hall-Wilton!

Primary charge (primary 

ionization in gas or via 

converters)



“Guessing the future” from F.Sauli @ PSD5
Primary charge (primary 

ionization in gas or via 

converters)
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@PSD12: 

Precise timing and recent advancements with segmented anode 

PICOSEC Micromegas prototypes, Ioannis Manthos

Timing techniques with picosecond-order accuracy for novel gaseous 

detectors, Aggelos Tsiamis 

<35ps for signal 

shared between 3 

pads from first 

prototype

From ns to tens of ps

Recovering time resolution when signal is shared between several 

electrodes open the door to optimization studies focused on position 

resolution.

20years later.. @PSD … 
Photocathodes & Timing.. & Position…

!

Primary charge (primary 

ionization in gas or via 

converters)



Diffusion and distortions
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Magnetic Field and TPC

A Rubin et al 2013 JINST 8 P08001

Diffusion
F.Sauli, Principles of operation of 

multiwire proportional and drift 

chambers, CERN, 1977 

(https://cds.cern.ch/record/117989)

Distortion / Space Charge (IBF) Distortion / Field lines

https://indico.cern.ch/event/219436/contributions/1523143/att

achments/355808/495528/gunji_alice_upgrade_v2_3.pdf

Amplification and Transfer stages 

(gas and micro pattern structures)



Diffusion… Negative Ions TPC
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Optical readout, novel readout electrodes, hybrids with ASICs, F.M.Brunbauer (CERN GDD), April 29, 2021 - ECFA Detector R&D Roadmap Symposium - TF1 Gaseous Detectors

https://doi.org/10.1016/j.nima.2005.08.103

Amplification and Transfer stages 

(gas and micro pattern structures)

https://doi.org/10.1016/j.nima.2005.08.103


Readout stage
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Readout stage (coupled to 

charge/photons sensitive 

electronics)

• Readout layouts and resistive elements (charge induced 
signals)

• Modelling & Simulation and new FE electronics

• High granularity Pixel readout (charge and photon)

Focusing on current trends with potentially strong impact 

(personal comment) on position sensors (and resolution)



Readout stage (I) / Layout
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Focusing on current trends with potentially strong impact 

(personal comment) on position sensors (and resolution)

Readout stage (coupled to 

charge/photons sensitive 

electronics)

• Readout layouts and resistive elements (charge induced 
signals)

• Modelling & Simulation and new FE electronics

• High granularity Pixel readout (charge and photon)



TOTEM T2 forwards tracking and triggering telescope: 
tracking with high eta (radial) coarse phi resolution and 
triggering rods for trigger

Readout Layout / Manufacturing capabilities
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M. Berretti, http://indico.cern.ch/event/252473/session/0/contribution/5/material/slides/0.pdf

https://cds.cern.ch/record/1399058/files/arXiv:1111.3337.pdf

https://wwwcompass.cern.ch/compass/publications/talks/t2007/

haas_vienna07.pdf

COMPASS GEM & MM (strips & pads)

Bachmannet al. High rate X-ray imaging using multi-GEM detectors with a novel 

readout design,,NIMA 478, 2002, https://doi.org/10.1016/S0168-9002(01)01719-3.

Encoding

https://doi.org/10.101

6/j.nima.2013.08.071

Several coordinates (ambiguities)

Readout stage (coupled to 

charge/photons sensitive 

electronics)

https://doi-org.ezproxy.cern.ch/10.1016/j.nima.2013.08.071


Charge sharing (geometrical)
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Geometrical sharing

https://www.osti.gov/pages/servlets/purl/1466982

Profiting from diffusion

B. Azmoun et al., "Design Studies for a 

TPC Readout Plane Using Zigzag 

Patterns With Multistage GEM 

Detectors," in IEEE Transactions on 

Nuclear Science, vol. 65, no. 7, pp. 1416-

1423, July 2018, doi: 

10.1109/TNS.2018.2846403.

@PSD12 Novel zigzag and diamond pattern for Micromegas 

and Gas-based detector, Maxence Revolle
!

Readout stage (coupled to 

charge/photons sensitive 

electronics)



Re-introduced by ATLAS NSW micromegas for stability…

It is playing a key role in the field of MPGD and position sensitive detectors…

Readout Layout / Resistive elements (I)
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ATLAS NSW 

Resistive strips

SCREAM (embedded 

resistors – introducing 

vertical evacuation) T2K pad micromegas 

(resistive spreading)

M. Iodice et al 2020 JINST

15 C09043

https://lappweb.in2p3.fr/~chefdevi/Wor

k_LAPP/Scream/Scream_paper.pdf

Small-Pad Resistive 

Micromegas

@PSD12 High Granularity Resistive Micromegas for high 

particle rates environment, Massimo Della Pietra
!

Readout stage (coupled to 

charge/photons sensitive 

electronics)

Vertical charge evacuation = high rate/high multiplicities

Signal spread



Re-introduced by ATLAS NSW micromegas for stability…

It offers the possibility of recover and develop new structures …

Readout Layout / Resistive elements (II)
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uRWELL detectors

G. Bencivenni et al., The micro-Resistive WELL 
detector: a compact spark-protected single 
amplification-stage MPGD, 2015 JINST 10 P02008

R. Bellazzini et al.,The WELL 

detector,Nucl. Instrum. Meth.A

423(1999) 125.

@PSD12 Precision tracking micro-pattern gaseous 

detectors at Budker INP, Timofei Maltsev
!

Readout stage (coupled to 

charge/photons sensitive 

electronics)



Resistive elements (III) @ Birmingham…
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Field uniformity & spark quenching

Spherical Proportional Counter

@PSD12: ACHINOS: A multi-anode read-out for position 

reconstruction and tracking with spherical proportional 

counters, Dr Patrick Ryan Knights

!

https://indico.ph.liv.ac.uk/event/222/contributions/1471

/attachments/710/912/20210107_kn_DarkMatter.pdf

Readout stage (coupled to 

charge/photons sensitive 

electronics)
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https://www-sciencedirect-

com.ezproxy.cern.ch/science/article/pii/S0168900297002799/pdfft?md5=9a977f89

61fbe6a613a4d424c24358ab&pid=1-s2.0-S0168900297002799-main.pdf

1.75mm cell,  

200um 

resolution

https://arxiv.org/p

df/physics/03101

37.pdf

Charge sharing (resistive division)
Readout stage (coupled to 

charge/photons sensitive 

electronics)



Charge sharing (resistive spread)
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https://indico.cern.ch/event/872501/contributio

ns/3734984/attachments/1985334/3307899/Mi

niweekRD51_Lehuraux.pptx

Pads 1cmx1cm

https://indico.cern.ch/event/716539/contribution

s/3245960/attachments/1798809/2933398/Delb

art_VCI2019_T2K_HA-TPC.pdf

https://arxiv.org/pdf/physics/0307152.pdf

Readout stage (coupled to 

charge/photons sensitive 

electronics)

T2K/ND280



Charge sharing (Capacitive)
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Readout: Space resolution / readout channels

https://indico.cern.ch/event/889369/contributions/4042739/attachments/2119963/3567713/2020100

9_KG_RD51_Coll_Meeting.pdf

CAPACITIVE SHARING

http://ndip.in2p3.fr/tours14/AGENDA/AGENDA-by-

DAY/Presentations/5Friday/AM/ID34315_Leach.pdf

S. Leach @PSD12 with “Extensive Air Shower Tracker using Cherenkov 

Detection”

Similar concept (capacitive network in the pcb) in 

capacitive division for MCP

Noise and cross talk under investigation for EIC.. encouraging preliminary results reported

Pro: easy to realize the coupling that you need (easier than with resistive layers), fast signals… 

Readout stage (coupled to 

charge/photons sensitive 

electronics)



Readout stage (II) / M&S-FE
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Focusing on current trends with potentially strong impact 

(personal comment) on position sensors (and resolution)

• Readout layouts and resistive elements (charge induced 
signals)

• Modelling & Simulation and new FE electronics

• High granularity Pixel readout (charge and photon)

Readout stage (coupled to 

charge/photons sensitive 

electronics)



Modelling & Simulation
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D. Janssens, An update on the modelling of signal formation in detectors with 

resistive elements, June 17th, 2021, RD51 Collaboration Meeting

https://indico.cern.ch/event/1040996/contributions/4396429/attachments/2265907/3847202/RD51_DjunesJanssens_June2021.pdf

MicroCAT 

LGAD 

Resistive MICROMEGAS 

mRPC

Readout stage (coupled to 

charge/photons sensitive 

electronics)



New developments in FE electronics, digitizers, TDC,.. can open to 
or drive new detection concept…

Multichannel Front End electronics
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https://indico.cern.ch/event/1051087/timetable/#all.detailed

Readout stage (coupled to 

charge/photons sensitive 

electronics)



new structures/M&S/ new FE electronics + old strategies…
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https://inis.iaea.org/collection/NCLCollectionSt

ore/_Public/23/040/23040284.pdf https://arxiv.org/ftp/arxiv/pap

ers/1311/1311.0215.pdf

Resistive 

Charge 

Division

Capacitive 

Charge 

Division

Geometrical 

Charge 

Division

Delay linesEncoding

“Old” readout concepts can be 

reviewed/revisited by the existing and future 

FE electronics
++
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Resistive Strips Micromegas & APV25
(MAMMA/ATLAS NSW)

https://iopscience.iop.org/article/10.1088/1748-0221/7/02/C02060/pdf

• X strips (parallel to resistive strips): Main signal 

component induced by e-/ions moving in the gas 

(prompt).

• Y strips (perpendicular to resistive strips): Sensitive to 

the Signal induced by e-/ions moving in the amp. Gap 

and by charge movement in the resistive strips

DT=6*25ns=150ns

DY=12*250um

Speed=2cm/msec

mTPC introduced by MAMMA (ATLAS NSW mm) 

collaboration (*)

@PSD12 

Position reconstruction studies with GEM detectors and the charge-sensitive VMM3a ASIC, Lucian 

Scharenberg

The Topmetal-CEE Prototype, a Direct Charge Sensor for the Beam Monitor of the CSR External-target 

Experiment, Dr Chaosong Gao

A Novel Front-End Amplifier for Gain-less Charge Readout in High-Pressure Gas TPC, Dr Chaosong Gao

A congestion awareness and Fault-tolerance Readout Network ASIC for High-Density Electrode Array 

Targeting Neutrinoless Double-Beta Decay Search in TPC, bihui you

!

Readout stage (coupled to 

charge/photons sensitive 

electronics)

(*) APV25 readout in R&D phase, 

now performed with BNL/ATLAS 

VMM3a ASIC



Readout stage (III) / Pixel
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Focusing on current trends with potentially strong impact 

(personal comment) on position sensors (and resolution)

• Readout layouts and resistive elements (charge induced 
signals)

• Modelling & Simulation and new FE electronics

• High granularity Pixel readout (charge and photon)

Readout stage (coupled to 

charge/photons sensitive 

electronics)



MPGD on pixel ASICs (here Timepix)

Pixel / Charge Readout
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3D reconstruction (amplitude, position  and time)

Implemented on both mm or GEM structures

Proven to be able to cover reasonably large 

surfaces by tiling the ASICs

@PSD12 GridPix: the ultimate electron detector for 

TPCs, Harry Van Der Graaf
!

Readout stage (coupled to 

charge/photons sensitive 

electronics)

https://newsline.linearcollider.org/

2015/04/16/ingrids-on-the-rise/



Pixel / Charge Readout
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Direct coupling with pixel chips (charge 

readout/sensor removed – just readout)

https://indico.cern.ch/event/581417/contributions/2522

462/attachments/1465797/2265982/GridPix_TP3.pdf

Appl. Sci. 2021, 11(1), 440; 

https://doi.org/10.3390/app11010440

Readout stage (coupled to 

charge/photons sensitive 

electronics)

Micromegas

GEM

using what has been learned to 

extend to other “appealing” 

pixel chips 

https://doi.org/10.3390/app11010440


Optical readout

Pixel / Photon Readout
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Linked to technological developments and costs..

Versatile readout (lenses, image intensifier,..)..

Hybrids solution can recover third coordinate

Becoming more and more fast..

Optical readout, novel readout electrodes, hybrids with ASICs, F.M.Brunbauer (CERN 

GDD), April 29, 2021 - ECFA Detector R&D Roadmap Symposium - TF1 Gaseous 

Detectors

https://indico.cern.ch/event/757322/contributions/339649

4/attachments/1841021/3018431/Cygno_MPGD19.pdf

Readout stage (coupled to 

charge/photons sensitive 

electronics)

@PSD12: F. Brunbauer, High-granularity optical and hybrid 

readout of gaseous detectors: developments and perspectives !
@PSD12:  M. Nakhostin & T. Neep, Towards the first observation of the 

Migdal effect in nuclear scattering I. Design and construction of the 

MIGDAL experiment

!



Pixel / Photon Readout / Position & Timing
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Readout stage (coupled to 

charge/photons sensitive 

electronics)

@PSD12 New developments on 

FBK position sensitive silicon 

photomultipliers, Stefano Merzi

!

https://indico.cern.ch/event/999799/contributions/

4204161/attachments/2235612/3789884/Optical

HybridReadout.pdf

Photon & Time & Timepix (ARIADNE)

Photon & Time & SiPM



Conclusions
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Micro Pattern Gas Detectors are a versatile solution to develop position sensors for a wide spectrum of applications 
Technology is able to adapt to a wide range of requirements thanks to the variety of micro patterns solutions available, their 
reciprocal compatibility, the achieved skills in manufacturing techniques and the available readout options 
(charge/photons).

In the charge readout domain a rich set of readout solutions/layouts are available to be used to optimize the detector 
response to the specific needs of the experiment/application (preserving good performances in large system with 
reasonable number of channels). Resistive elements are playing today a key role in most of the new developments.

Accurate detector modelling and simulation plus new FE electronics with unprecedented characteristics will surely 
open to new ideas/concept/designs and will further improve current performances.

Pixel readout very attractive and well progressing 

• in the charge domain … using what learned with Timepix to extend to other appealing pixel chips

• in the photon domain… …  very fertile fields.. new sensors, coupling devices, hybrids solution, SiPM, wavelength 

shifters.. A lot of fields/technologies to explore…


