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Introduction to Micro Pattern Gaseous Detectors (MPGDs)

Micro Strip Gaseous Counter (MSGCs): 

❖ First MPGD invented in 1988 (Oed) for high rate 

❖ Cathode strips and anode strips on the same substrate 

❖ pitch ~ 100 μm ➩ Excellent spatial  resolution

❖ But suffers high discharge rate and aging issues ⇨

challenging for use in real experiments

❖ Was used in a few experiments in the 1990s

Micro Pattern Gaseous Detectors (MPGDs): 

❖ Goal is to overcome some of the limitation of MWPCs, DC …

❖ Reduce the ionization gap from O(cm)  to O(mm) to allow fast evacuation of 

ions in the ionization volume

❖ Combine  semiconductor technology with electron multiplication in gas

❖ photolithography, etching, lift-off, coating, doping … 

❖ Micro structures O(100 µm) for the anode readout PCBs of MPGDs

Key features of MPGDs

❖ Rates capability: O(MHz / cm2 )

❖ Spatial resolution: O(50 µm) are achievable

❖ Timing resolution: O(5 ns)

❖ Large area capabilities:  O(m2)

❖ Low cost technologies compared to alternatives such as Silicon detectors

❖ Low material budget O(0.5% X0/X)

❖ Robustness: aging and radiation hardness
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Gas Electron Multipliers (GEMs)

⇨ Thin, metal-clad polymer foil chemically perforated by a high density of holes (~100 /mm2)

⇨ ~350 V across the Cu electrode creates a strong field in the hole leading to amplification

⇨ The ionization pattern is preserved by design with the E-field focusing the charges inside the holes

UNIQUE FEATURE

⇨ Charge amplification is decoupled from the charge collection ➩ Multi-stage amplification

❖ Default: Triple-GEM detector 3 GEM foils for amplification ➔ High gain / low spark rate

⇨ More flexibility on the readout strip / pad segmentation and features

❖ Default: COMPASS X-Y strip readout, pitch = 400 um ➔ spatial resolution ~60 um
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COMPASS X-Y strip readout

COMPASS Triple-GEM detector
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Micro-Mesh Gaseous Structures (Micromegas)

⇨ Two-stage parallel-plate avalanche chamber of small amplification gap

❖ Fine structure metallic mesh as amplification device  

❖ Amplification in the (~100 μm) gap between the mesh and the anode

Small gap, high field: 

⇨ fast movement of positive ions that are mostly collected on the mesh

⇨ small space-charge accumulation and very fast signals

⇨ Resistive Micromegas to reduce sark rate and energy

⇨ Gap around 100 µm: small gap 

variations compensated by an 

inverse variation of 

amplification factor

⇨ i.e. good uniformity and stability 

of response over a large area.
Y. Giomataris, Nucl. Instr. and Meth.  

A419 (1998)
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Resistive Micro Well Detectors (µRWELL)

G. Bencivenni et al.; 2015_JINST_10_P02008

The µRWELL PCB is realized by coupling:

1. “Suitable WELL patterned Kapton foil as “amplification stage”

2. “Resistive stage”  for discharge suppression & current evacuation:

i. “Low rate” (LR) << 100 kHz/cm2:  single resistive layer (~100 M/)

ii.“High rate”  (HR) >> 100 kHz/cm2: more sophisticated resistive scheme

3. a standard readout PCB with strip or pad readout

❖ Like Micromegas ➩ Single amplification stage, no stretch

❖ Like GEM ➩ Same amplification device structure 
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Tracking in NP and HEP experiments

Role of tracking detectors in NP and HEP experiments:

❖ Measure the trajectory of high energy charged particles

❖ Measure the momentum of the particle in a magnetic field

❖ Various tracking detector technologies

❖ Silicon trackers

❖ Gaseous trackers

❖ Scintillator fiber trackers …

Gaseous Trackers:

❖ Multi Wire Proportional Chambers (MWPCs)

❖ Drift Chambers (DCs)

❖ Micro Pattern Gaseous Detectors (MPGDs)

❖ Time Projection Chambers (TPCs)

MPGD Tracker
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MPGD Trackers in NP experiments

CLAS12 Micromegas Vertex Trackers (JLab)sPHENIX TPC end cap GEM readout (BNL) CLAS12 µRWELL Forward Tracker (JLab)

µRWELL

But also:

❖ JLab: SBS GEMs, BoNuS radial

radial TPC, SoLID Moller GEMs

❖ BNL: STAR Forward GEM Trackers,

PHENIX HBD, sPHENIX TPOT …

❖ FRIB: Multi-layer thick GEMs

❖ EIC: Micromegas & µRWELL barrel

trackers

GEM

µRWELL

Micromegas

146 cm

https://indico.cern.ch/event/1219224/contributions/5130361/at
tachments/2564842/4421491/20221212_KG_MPGD2022.pdf

https://iBossu_Vandenbrouckendico.cern.ch/event/1
219224/contributions/5130363/attachments/256478
6/4421936/2022_MPGD_CLAS12_.pdf

https://indico.cern.ch/event/1219224/contributions/5130361/attachments/2564842/4421491/20221212_KG_MPGD2022.pdf
https://i/
https://indico.cern.ch/event/1219224/contributions/5130363/attachments/2564786/4421936/2022_MPGD_CLAS12_Bossu_Vandenbroucke.pdf
https://indico.cern.ch/event/1219224/contributions/5130363/attachments/2564786/4421936/2022_MPGD_CLAS12_Bossu_Vandenbroucke.pdf
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Applications in NP and HEP beyond tracking

MPGDs are also used in NP & HEP for non-tracking applications such as:

❖ single photon photosensor for Ring Imaging Cherenkov (RICH)

❖ Amplification device for Transition Radiation Detectors (TRDs)

❖ Fast timing device for Time of Flight (TOF) detectors

❖ Position sensitive detectors for Digital Calorimeters

❖ And many more …

eID: GEM-based Transition Radiation Detector (EIC R&D) 

Fast timing for charged particles (MM-PICOSEC Coll.)

Single photon detector (COMPASS RICH @ CERN)
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Applications beyond NP and HEP field

https://indico.cern.ch/event/581417/contributions/2556694/attachment

s/1464839/2265943/MPGD_2017_SB.pdf

Muography with Micromegas: Scanning pyramids

GEMPix detector for Hadrontherapy application

https://indico.cern.ch/event/392209/contributions/1828216/attachment

s/1291499/1923737/4_Fabrizio_Murtas.pdf

https://indico.cern.ch/event/581417/contributions/2556694/attachments/1464839/2265943/MPGD_2017_SB.pdf
https://indico.cern.ch/event/392209/contributions/1828216/attachments/1291499/1923737/4_Fabrizio_Murtas.pdf
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Summary

❖ MPGDs are mature detector technologies for applications in NP and HEP experiments 

❖ Provide high rate, excellent spatial and timing resolution, large area and low cost capabilities 

❖ Aging and radiation hardness and operation stability remain the focus of intense R&D effort

❖ Exploration for applications outside particle physics and specially in medical instrumentation
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Introduction to Micro Pattern Gaseous Detectors (MPGDs)

Micro Strip Gaseous Counter (MSGCs): 

❖ First MPGD invented in 1988 (Oed) for high rate 

❖ Cathode strips and anode strips on the same substrate 

❖ pitch ~ 100 μm ➩ Excellent spatial  resolution

❖ But suffers high discharge rate and aging issues ⇨

challenging for use in real experiments

❖ Was used in a few experiments in the 1990s
Micro Pattern Gaseous Detectors (MPGDs): 

❖ Goal is to overcome some of the limitation of MWPCs, DC …

❖ Basic idea: Allow fast evacuation of the ions 

❖ Reduce the ionization volume gap from O(cm)  to O(mm) 

❖ MPGD technology combine:

❖ Semiconductor industry technology i.e. photolithography, etching, 

lift-off, coating, doping) 

❖ with electron multiplication in gaseous media 

❖ Micro structures anode readout with micro-structure PCB patterns

Multi Wire Proportional Chambers (MWPCs), Drift Chambers (DCs)

❖ Used for tracking of charged particles in Nuclear Physics (NP) and 

High Energy Physics (HEP): Excellent  spatial resolution

❖ But limited timing performance, counting rate capabilities, Aging and 

operation stability issues
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Properties of MPGDs

❖ Rates capability: O(MHz / cm2 )

❖ Spatial resolution: O(50 µm) are achievable

❖ Timing resolution: O(5 ns)

❖ Large area capabilities: O(m2)

❖ Low cost technologies compared to alternatives

❖ Low material budget O(0.5% X0/X)

❖ Robustness: aging and radiation hardness

σX = 63 µm σY = 63 µm

GEM

Micromegas
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Integration of BoNuS in CLAS12 detector

Moller Catcher

Helium Snout

RTPC

beam

RTPC
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BoNuS rTPC track reconstruction

Z (mm)Y (mm)

Beam

e’ to CLAS


