
Overview of Micro-Pattern Gas Detectors (MPGDs) &

Applications

JLAB - HALL A COLLABORATION MEETING

January 31, 2019 

Kondo Gnanvo - University of Virginia



2

Outline

Hall A Winter Coll. Meeting @ JLab - 01/31/2020

Á Overview of Micro Pattern Gas Detectors (MPGDs) Technologies

Á GEM Trackers for SBS, MOLLER, SoLID é.

Á MPGDs elsewhere @ JLab 

Á MPGDs for the Electron Ion Collider (EIC)

Á The RD51 Collaboration
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From MWPCs to MPGDs
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MPGDs:
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AngeliniF., NIMA 335:69 (1993)

Micro Gap Chambers

B. Adevaet al., NIMA 435 (1999) 402

Micro Wire Chamber

BiagiSF, Jones TJ. NIM A361:72 (1995)

MicroDot

Ochi et al NIMA 471 (2001) 264 

m-PIC

R. Bellazzini, NIMA 423 (1999) 125

MicroWELL

Y. Giomataris, NIMA 419 (1998) 239

Micro Mesh Gaseous Structure 
Gas Electron Multipliers (GEMs)

F. Sauli, Nucl. Instr. and Meth. A386(1997)531

R. Bellazzini, NIMA 424 (1999) 444

Micro Groove
Micro Gap Wire Chamber

NIMA 398 (1997) 195
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MSGC: Birth of Micro Pattern Gaseous Detectors (MPGDs)

Hall A Winter Coll. Meeting @ JLab - 01/31/2020

BUT: MSGCs suffer from long (even medium) term stability issues

ᶒ High discharge rate and charging up of the substrate

× Aging: fast deterioration due to sustained irradiation

ᶒ Substrate material, metal of the strips, type and purity of the gas mixture

Solution to MWPC rate limitation: 

Ỗ Basic idea of Micro Pattern Gaseous Detectors (MPGDs) Ỗ Fast evacuation of the ions

ỖAdopt Semiconductor industry technology: Photolithography, Etching, Lift -off, Coating, Doping, é

ᶒ Micro Strip Gaseous Counter (MSGCs)[Oed(1988)] : 

× Cathode strips and anode strips on the same substrate 

× pitch ~ 100 ɛmỖ Excellent spatial and high rate capability

High electric field in 

the region in between 

the amplification-

stage-electrodes (from 

avalanche to 

discharge)
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Mature MPGD technologies
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GEM: Gas Electron Multipliers

F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531

Giomataris, Nucl. Instr. and Meth.  A419 (1998) 239 

Micromegas: 
Micro Mesh Gaseous Structure

Thick GEM (THGEM)

R. Chechik, A. Breskin, C. Shalem
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GEM Detectors
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× GEMs areMicro PatternGaseousDetectors(MPGDs) inventedat CERN

in 1997by Dr. FabioSauli

× Providesa costeffectivesolutionfor high resolutiontrackingin high rates

andoverlargearea

V RatescapabilityexceedseveralMHz / cm2

V Spatialresolutionbetterthan70µm areeasilyachievable

V SinglemaskGEMsᶒLargeareacapability(~1 m2)

V Ability to coverlarge(10s to 100sof m2) areaat low cost

V Low materialbudget(~ 0.5 % radiationlength)

V Robusttechnology: ResistsagingandRadiationhardness

× Already usedin HEP and NP experimentsaroundthe world: COMPASS,

BoNuS, KLOE, PRad,TOTEM, STARFGT,PHENIX HBD,

× Adoptedfor many future experiments: CMS upgrade,ALICE TPC, SBS,

SoLID, EIC Trackersetcé

F. Sauli, Nucl. Instr. and Meth. 

A386 (1997) 531
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GEM Detectors
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× Thin, metal-cladpolymerfoil chemicallyperforatedby highdensityof holes,(typically 100holes/mm2)

× Voltageof ~ 350V acrosstheCu electrodecreatesa strongfield in theholeleadingto amplification

× Theionizationpatternis preservedby designwith theelectricfield focusingthechargesinsidetheholes

GEM foil 

Copper

p
o

ly
m

id
e

UNIQUE FEATURE

Charge amplification is decoupled from the charge 

collection ỖMulti -stage amplification

F. Sauli, Nucl. Instr. and Meth. A386 (1997) 531

E Field lines 
Drift region

Transfer region

GEM foil 
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GEM Detectors
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Breakthrough with GEM Detectors
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pioneered by CMS GEM Muon Upgrade collaboration & RD51 Cool

Rui De Oliveira, CERN PCB workshop

NS2 Triple GEM assembly technique

ᶒMechanical stretching with small frames with the use of a set of 

screws, fittings for the stretching

× Control of the stretching and the flatness of the GEMs 

× No glue involved: Chamber can be re-opened

× No need for spacers in active area

ᶒ BUT: Lots of screws and rigid supports to hold tension

Progress on large area GEMs Serge Duarte Pinto et al., Jinst, November 26, 2009 

[http://arxiv.org/pdf/0909.5039v2.pdf]

SingleMask Techniquesfor large GEM foils production

ᶒ Allow for theproductionof largeGEM foils (> 50cm x 50cm)

ᶒ Requiresinglephotolithographymaskon onesideof theGEM foil

duringthedifferentetchingprocesses

ᶒ Big step forward for current and future GEM project like CMS

Muon detectorupgrade,SBSandSoLID @ JLab,Muon Chamber

for PANDA @ FAIR

Limitation from mask alignment
Ỗ max active area ~ 40Ĭ40 cm 2

No alignment required 
Ỗ Very large GEM foil
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Micromegas: Small gap parallel plate detector

Hall A Winter Coll. Meeting @ JLab - 01/31/2020 E. Ferrer Ribas, AERES ς8th January 2014 

Two-stageparallel-plateavalanchechamberof smallamplificationgap:

Amplification in the~100ɛmgapbetweenthemeshelectrodeandtheanode

Small gap, high field: 

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

ᶒ small space-charge accumulation and very fast signals

ñOptimumgap providesstableoperation

and minimizes gain variation from

pressure-temperature variations and

fluctuationsdueto gapvariationsò

Y. Giomataris, CEA-Irfu-France

Y. Giomataris, Nucl. Instr. and Meth.  A419 
(1998)

ᶒ Gap around 100 mm: small gap variations compensated by an inverse variation of amplification factor

ᶒ i.e. good uniformity and stability of response over a large area.
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Micromegas

Hall A Winter Coll. Meeting @ JLab - 01/31/2020 E. Ferrer Ribas, AERES ς8th January 2014 
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Micromegas: Resistive
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Monitored HV (continuous line) and current (point) as a function 

of HV mesh under neutron irradiation  for a Micromegas

G. Iakovidis, arXiv:1310.0734v1 [physics.ins-det] 2 Oct 2013

R&D effort by the RD51Coll & the ATLAS Muon Upgrade

ᶒ playing with the induction of the signal in the readoutto protectagainstthe

damagingeffectsof spark

ᶒ A sketch(not in scale)of the resistive-strip protectionprinciple with a view

alongandorthogonalto thestrip direction

ᶒ Inducedsignalon thestrips(nodirectcollectioncharges)

Resistive MicromegasNo resistive Micromegas

Spark signals on the oscilloscope (on 50 ɋ, attenuated 1:100) and under neutron irradiation 

J. Wotschacket al, Large-size Micromegas for ATLAS (MAMMA), RD51 mini week, 17/01/2011

Unacceptablerate of dischargewith standard Micromegas

ᶒ Not destructivefor thedetectorᶒRobustandsturdydevice

ᶒ However: long dead time and dischargecritical for the FE chips (needto

bevery well protected)



Planispherical GEM
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MPGDs in all shapes and forms
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S. Pinto, https://arxiv.org/pdf/1011.5528.pdfSpherical GEM
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Micromegas CLAS12 (Hall B, JLab)GEM KLOE -2 @ Frascati, GEM: BoNuSrTPC in Hall B @ JLab
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Cylindrical: Central tracker or Radial TPC 

Ongoing projects with cylindrical MPGDs: GEMs: TDIS, BoNus12 in JLab, BES III (China), Micromegas: ASASCUSA @ CERN

F. Sauli, RD51 Coll. Meeting, Aveiro 2016 

Disk: Forward Tracker or TPC endcap

TOTEM GEM @ LHC CERNMicromegas CLAS12 (Hall B, JLab)TPC GEM readout, sPHENIX @ BNL
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COMPASS: Standard Bearer for MPGDs in HEP Experiments
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MPGDs @ CERN: Running Experiments
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Compass (GEM, micromegas)
TOTEM (GEM)

LHCb (GEM)

CAST (micromegas)

NA48 (micromegas)

DIRAC (MSGC-GEM)

LHC

LHC
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MPGDs @ CERN: Running Experiments
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Compass (GEM, micromegas)
TOTEM (GEM)

LHCb (GEM)

CAST (micromegas)

NA48 (micromegas)

DIRAC (MSGC-GEM)

LHC

LHC

COMPASS (GEM, TGEM, micromegas upgrade)

LHC

ATLAS (micromegas)

LHC

CMS (GEM)

ALICE (GEM)

GLACIER (LEM)

CAST (InGrid)

LHC

LHC

LHCb(GEM)
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New MPGD Structures: Micro Resistive Well detector 
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The µ-RWELL_PCB is realized by coupling:

1. añsuitable WELL patterned kapton foil as 

ñamplification stageò

2. añresistive stageò  for the discharge suppression & 

current evacuation:

i. ñLow particle rateò (LR)<< 100 kHz/cm2:  

single resistive layer Ą surface resistivity ~100 

MW/ (CMS-phase2 upgrade - SHIP)

ii. ñHigh particle rateò(HR) >> 100 kHz/cm2: 

more sophisticated resistive scheme must be 

implemented (MPDG_NEXT- LNF & LHCb-

muon upgrade)

3. a standard readout PCB

The µ-RWELL detector is composed oftwo parts: the cathodeand the µ-RWELL_PCB .

G. Bencivenni, RD51 Coll. meeting, Aveiro, 09/2016
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New MPGD Structures: Micro Resistive Well detector 
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Performance at high rate

G. Bencivenniet al, doi:10.1088/1748-0221/10/02/P02008

Current limitation of this technology is its rate capability 

compared to GEM detectors

ᶒ similar issue as for Resistive Micromegas

ᶒ Study of electrical properties of resistive materials that 

allow high rate and quenched discharge

ᶒ The goal is to reach a rate > 1 MHz / cm2

Best of both worlds

ᶒ Like Micromegas Ỗ One amplification stage, no need to 

stretched etcé

ᶒ Like GEM Ỗ Simple structure (Just like GEM foil); ideal 

for a full cylindrical detector

ᶒ possibility to add a pre-amplification GEM foil if needed

ᶒ Gain: is one  order of magnitude higher gain than a 

single GEM at the same bias voltage

ᶒ Spark rate: Very low spark rate and current 

ᶒ Robust and simple detector

Single GEM µ-RWell
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New Structures: Graphene MPGDs
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A single layer of carbon atoms arrangedin a

hexagonal lattice, Regardedas thinnest possible

conductivemeshwith pore size~ 0.6 Å

Graphene

Why it is interesting 

× Strong asymmetry in electron and ion transmission through graphene

× Mechanically robust accounting for its thickness: can be freely 

suspended over (tens of) micrometres

× A membrane fully transparent to electrons and fully opaque to ions

× Eliminating ion back-flow in gaseous detectors

× Protecting photo-cathodes

× Enabling the use of different gases in same detector

P. Thuyner, RD51 Coll. meeting, Aveiro, 09/2016

Potential applications

ion back-flow in gaseous detectors

different gases in same detector



21

New Structures: GridPix (InGrid + Timepix)
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Timepix

Christoph Krieger RD51 Week, CERN,06/19/2014

Combine: 
Gaseous amplification (Micromegas) 

&
Silicon readout (Timepix)
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New Structures: GridPix (InGrid + Timepix)
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High resolution TPC readout

approach: match readout segmentation 

to MPGD cell size

Use ASIC with charge sensitive pixels

Å Charge treated in analogue section

Å Digital output

Å High density electronics

Å Include gas amplification stage

M. Lupberger, RD51 Coll. Meeting, Aveiro, 09/2016
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New Structures: GridPix (InGrid + Timepix)
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Module production

Test beam

R&D ILC TPC readout

J. Kamiski, MPGD2015
Trieste, Italy, 10/12/2015

Track reconstruction

Christoph Krieger
RD51 Week
CERN,,06/19/2014

CAST Experiment
CERN Axion Solar Telescope

InGrid detector @ CAST
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GEM Trackers for SBS, MOLLER, SoLIDé
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MPGDs in Hall A @ JLab: SBS GEM Trackers
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E12-07-109: measurement of Gp
E/Gp

M up to 
Q2=12 GeV2 using a target of liquid hydrogen

GEp (5): Proton Form Factor @ high Q2

E12-17-004: measurement of Gn
E/Gn

M up to 
Q2=4.5 GeV2 polarized deuterium target

GEn-RP: Neutron Form Factor

E12-09-019: measurement of Gn
M/Gp

M up to 

Q2=13.5 GeV2 polarized deuterium target.

E12-09-016: measurement of Gn
E/Gn

M up to 

Q2=10 GeV2 using a polarized 3He target.

GEn & GMn: Neutron Form Factor @ high Q2

SBS GEM trackers:

ÁHigh counting rate (~ 400 kHz/cm2) expected at highest

luminosity of 1039 electrons/s-nucleon/cm2

ÁLarge acceptance & small field integral magnet ᶒ Excellent 

Spatial resolution (70 ɛm)

ÁLow cost for large tracking system when compared to silicon

trackers and high rate compared to Drift chambers
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MPGDs in Hall A @ JLab: SBS GEM Trackers
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UVa GEM Module

UVa GEM layer

INFN GEM module

INFN GEMs: Front Trackers GEMs

ÁDesign, Construction and Tests (INFN Catania & Roma)

Á6 GEM Layers active area (150 cm Ĭ40 cm)

ÁVertical stack of 3 GEM modules (50 cm Ĭ40 cm) 

ÁProduction of 18 modules (+ spares) 

ÁCurrently at Jlab for commissioning

UVa GEMs: Back Trackers GEMs ïProton Recoil Polarimeters

ÁDesign, Construction and Tests @ University of Virginia (UVa)

ÁTotal of 11 ĬGEM Layers active area (200 cm Ĭ60 cm)

ÁVertical stack of 4 ĬGEM modules (60 cm Ĭ50 cm) 

ÁProduction of 44 modules (+ spares) 

ÁCurrently at JLab for commissioning

60 cm

5
0

 c
m

INFN GEM layer

40 cm

5
0

 c
m
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MPGDs in Hall A @ JLab: SBS GEM Trackers
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Front Tracker GEM Layers 

(INFN)

Polarimeter GEM Layer 

(UVa)



28

MPGDs in Hall A @ JLab: Commissioning of SBS GEM Trackers
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MPGDs in Hall A @ JLab: TDIS mTPC

Electron arm ïSBS

Target

mTPC

Solenoid 

ÁElectron arm: Measure DIS cross section, detecting high W2, Q2 of scattered e- from H2 and D2 targets

ÁProton arm: Coincidence tagging of low momentum recoil and spectator protons

Hall A Winter Coll. Meeting @ JLab - 01/31/2020

Proton Arm  

ÁH2 or D2 Target: Straw target (12 um Kapton 

cylinder with 10um Al end cap)

ÁProton Detector (mTPC) : modular TPC 

consisting of stack of 10 sub modules

ÁSolenoid: 40 cm bore 5T super conductive solenoid 

magnet (UVa) 

Electron Arm: SBS spectrometer 

ÁTracker: 5 SBS GEM planes 

ÁEM Calorimeter (LAC from CLAS) 

ÁRICH or threshold gas Cherenkov 

ÁPID for trigger level 2: LAC + Cherenkov 

Áhadron calorimeter (HCAL) for quasi-elastic 

neutron calibration
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MPGDs in Hall A @ JLab: TDIS mTPC
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mTPC:

ÁStack of 10 individual sub modules. Each sub module is a standalone TPC

ÁGas mixture: He CH4 (90/10) at room temperature and atmospheric  pressure

Sub module

Á5cm drift volume, a 2 stack of GEM foils for the amplification and pad readout for the signal collection

ÁDrift Cathode foil is shared by two sub modules 
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MPGDs in Hall A @ JLab: SoLID GEM
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MPGDs in Hall A @ JLab: SoLID GEM requirements for PVDIS
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Ç High rate operation up to localized hit rates of approximately 1 MHz/cm2.

Ç Instrument 5 locations with GEMs:

Ç 30 GEM modules a  location: each module with a 12-degree angular width.

ü The high occupancy at layer  #1:  may require splitting each readout strip into two channels: this will add 

another 12 k channels

ü So, total number of channels needed could be : ~ 176 k 

ü With ~ 15% spares (to account for losses during production etc.) need to plan for 200 k  readout 

channels 

ü Lot of data at high occupancy; but we can have multiple parallel DAQs


