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Current Trends in Micro-Pattern Gas Detectors (Technologies)

Semiconductor Industry technology:

PhotolithographyPhotolithography
EtchingEtching
CoatingCoatingCoatingCoating
DopingDoping

Amplifying cellAmplifying cell
reduction byreduction by

Operational instabilities:

reduction byreduction by
factor of 10factor of 10

Substrate charging-up
Discharges
Polymer deposition (ageing)

Rate Capability>10Rate Capability>1066/mm/mm22

Position Resolution ~40Position Resolution ~40μμmm
22--track Resolution ~400track Resolution ~400μμmm

MWPC MSGC



Current Trends in Micro-Pattern Gas Detectors (Technologies)

•• MicromegasMicromegas

•• GEMGEM 0.18 0.18 μμm CMOS VLSIm CMOS VLSI

•• ThickThick--GEM, HoleGEM, Hole--Type Detectors and RETGEMType Detectors and RETGEM

MPDG ith CMOS i l ASICMPDG ith CMOS i l ASIC•• MPDG with CMOS pixel ASICsMPDG with CMOS pixel ASICs

•• Ingrid TechnologyIngrid Technology CMOS high density
readout electronics

IonsIons

ElectronsElectrons

60 %

40 %

Micromegas GEM THGEM MHSP Ingrid



Current Trends in Micro-Pattern Gas Detectors (Performance)

•• Rate CapabilityRate Capabilityp yp y

•• High GainHigh Gain

•• Space ResolutionSpace Resolution

GEM THGEM

2x106 p/mm2

•• Space ResolutionSpace Resolution

•• Time ResolutionTime Resolution

•• Energy ResolutionEnergy Resolution

•• Ageing PropertiesAgeing Properties Ar/CO2/CF4 
(45/15/40)
rms = 4.5ns

Micromegas GEM

•• Ion Backflow ReductionIon Backflow Reduction

•• Photon Feedback ReductionPhoton Feedback Reduction

Spatial 
resolution  
σ ~ 12 mm

rms  4.5ns

Micromegas Micromegas10-2

10-1

Edrift=0.2kV/cm

 

F

MHSP

10-4

10-3

 F-R-MHSP/GEM/MHSP
 R-MHSP/GEM/MHSP

A /CH (95/5) 760 T

 IB
F

102 103 10410-5 Ar/CH4 (95/5), 760 Torr

Total gain 



Computer Simulations
Maxwell

MAXWELL; ANSYSMAXWELL; ANSYS (Ansoft)(Ansoft)
electrical field maps in 2D& 3D, finite element calculation for electrical field maps in 2D& 3D, finite element calculation for 

arbitrary electrodes & dielectrics  arbitrary electrodes & dielectrics  
HEEDHEED (I.Smirnov)(I.Smirnov) GEM( )( )
energy loss, ionizationenergy loss, ionization
MAGBOLTZ  MAGBOLTZ  (S.Biagi)(S.Biagi)
electron transport properties: drift, diffusion, multiplication, electron transport properties: drift, diffusion, multiplication, 

attachmentattachment
Field StrenghtMagboltz

E Field strength

attachmentattachment
GarfieldGarfield (R.Veenhof)(R.Veenhof)
fields, drift properties, signals (interfaced to programs fields, drift properties, signals (interfaced to programs 

above)above)
PSpice PSpice (Cadence D.S.)(Cadence D.S.) electronic signalelectronic signal

Townsend coefficient

M b lt G fi ldMagboltz GarfieldGarfield

Micromegas
GEM

Drift velocity
Positive ion backflow

Electrons paths and multiplication



Current Trends in Micro-Pattern Gas Detectors (Applications)

•• HighHigh--Rate Particle Tracking and TriggeringRate Particle Tracking and Triggering
•• Time Projection Chamber ReadoutTime Projection Chamber Readout
•• Photon Detectors for Cherenkov Imaging CountersPhoton Detectors for Cherenkov Imaging Counters

XX R A tR A t•• XX--Ray AstronomyRay Astronomy
•• Neutron Detection and Low Background ExperimentsNeutron Detection and Low Background Experiments
•• Cryogenic DetectorsCryogenic Detectors
•• Medical ApplicationsMedical Applicationspppp
•• Homeland Security and Prevention of Planetary DisastersHomeland Security and Prevention of Planetary Disasters

Tracking - Micromegas TPC readout - GEM UV photon detection - GEM Neutron detection - GEM



Future Trends in Micro-Pattern Gas Detectors (Physics requirements)

Mostly driven by HEP applications:Mostly driven by HEP applications: Beyond HEP:Beyond HEP:

Large area coverage
• Muon chambers @ SLHC
• Long baseline ν experiments

Low Mass Detectors
• Nuclear Physics

• Long-baseline ν experiments
• Calorimetry

Radiation hard detectors
• SLHC

High or low pressure detectors
• Dark matter studies (high P)
• Low energy nuclear physics (low P)

• SLHC

High rate detectors
• Vertexing at collider experiments

Low radioactivity detectors
• Low energy and rare events 
experiments

• Tracking in the beam

Minimization of ion backflow
• TPC Readout

Portable, sealed detectors
• Applications beyond the fundamental 
research studies

• Photon detection



Collaboration Workshops/Meetings:Collaboration Workshops/Meetings:

22--Day Workshop at CERN, Geneva, September 10Day Workshop at CERN, Geneva, September 10--11 200711 2007
Micro Pattern Gas Detectors. Towards an R&D Collaboration. (10Micro Pattern Gas Detectors. Towards an R&D Collaboration. (10--11 September 2007)11 September 2007)

33 D W k h t Nikh f A t d A il 16D W k h t Nikh f A t d A il 16 18 200818 200833--Day Workshop at Nikhef, Amsterdam, April 16Day Workshop at Nikhef, Amsterdam, April 16--18 200818 2008
RD51 Collaboration Workshop (16RD51 Collaboration Workshop (16--18 April 2008)18 April 2008)

33--Day Meeting, Saclay, Paris, October 13Day Meeting, Saclay, Paris, October 13--15 200815 2008
RD51 Collaboration Meeting (13RD51 Collaboration Meeting (13--15 October 2008)15 October 2008)

11 Review present technologies and experimental results (~ 100 participantsReview present technologies and experimental results (~ 100 participants1.1. Review present technologies and experimental results (  100 participants Review present technologies and experimental results (  100 participants 
registered, 40 talks)registered, 40 talks)

2.2. Initiate discussion on the need and way to setup collaborationInitiate discussion on the need and way to setup collaboration
3.3. TechnologyTechnology--based (MPGD) vs. Applicationbased (MPGD) vs. Application--based (e.g. SLHC, ILC) based (e.g. SLHC, ILC) 

CollaborationCollaboration

Ongoing R&D Efforts are widely spread over the many particle physics labs:Ongoing R&D Efforts are widely spread over the many particle physics labs:
1. steer ongoing R&D activities and facilitate exchange results (working groups)1. steer ongoing R&D activities and facilitate exchange results (working groups)
2. share resources, develop common infrastructure2. share resources, develop common infrastructure, p, p
3. allows to search/apply for (inter3. allows to search/apply for (inter--)national funding (collaboration effort))national funding (collaboration effort)



MPGD Collaboration: Motivation and Main Objectives

The main objective of the R&D programme is to advance technological The main objective of the R&D programme is to advance technological j p g gj p g g
development of Micropattern Gas Detectors development of Micropattern Gas Detectors 

Estimated time scale Estimated time scale –– 5 years5 years

1. Optimize detectors design, develop new multiplier geometries and techniques

2. Develop common test and quality standardsy

3. Share common infrastructure (e.g. test beam and radiation hardness facilities, detectors and  
electronics production and test facilities)

4. Share investment of common projects (e.g. technology development, electronics development, 
submissions/production)

5. Setup a common maintainable software package for gas detectors simulations

6. Common production facility

7. Optimize communication and sharing of knowledge/experience/results

8. Collaboration with industrial partners

9. The existence of the RD51 collaboration, endorsed by the LHCC, will support and facilitate the 
acquisition of funding from national and other agencies.





Scientific Organization:
Home - RD51 CollaborationHome - RD51 Collaboration
Collaboration Web Page

Draft MoU

Members of the RD51 temporary Collaboration Management Board (MB):

the two Co-Spokespersons: L.Ropelewski, M.Titov 
the CB Chairperson and its deputy: S.Dalla Torre, K.Desch
MB members: A.Breskin, I.Giomataris, F.Sauli, L.Linssen, J.Timmermans, A.White

Working Groups Conveners:
·
WG1 MPGD Technology & New Structures P.Colas, S.Dalla Torre, A.E.Bondar ·
WG2 Common Characterization & Physics H. van der Graaf , V.Peskov                              ·
WG3 Applications                                             F.Simon, A.White·
WG4 Software & Simulations                   A.Bellerive, R.Veenhof·
WG5 Electronics                                          M.Campbell, W.Riegler·
WG6 Production                                            E. van der Bij, I.Giomataris, H.Taureg·
WG7 Common Test Facilities                          M.Alfonsi



WG1: Technological Aspects and Developments of New Detector 
St tStructures 

ObjectiveObjective: Detector design optimization, development of new multiplier : Detector design optimization, development of new multiplier 
geometries and techniquesgeometries and techniquesgeometries and techniques.geometries and techniques.

Task 1: Task 1: Development of largeDevelopment of large--area Microarea Micro--Pattern Gas Detectors (largePattern Gas Detectors (large--area modules, material area modules, material 
budget reduction).budget reduction).g )g )

Task 2: Task 2: Detector design optimization including fabrication methods and new geometries (Bulk Detector design optimization including fabrication methods and new geometries (Bulk 
Micromegas, Microbulk Micromegas, singleMicromegas, Microbulk Micromegas, single--mask GEM, THGEM, RETGEM, MHSP, chargemask GEM, THGEM, RETGEM, MHSP, charge--
dispersive readout, Ingrid).dispersive readout, Ingrid).

Task 3: Task 3: Development of radiationDevelopment of radiation--hard and radiopurity detectors.hard and radiopurity detectors.

Task 4: Task 4: Design of portable sealed detectors.Design of portable sealed detectors.g pg p



Development of large-area Micro-Pattern Gas Detectors
Bulk Micromegas Single mask GEM

Read-out 
board

Laminated 
Photo image Raw materialPhoto-image-
able cover lay

Stretched mesh
on frame

Raw material

Single side copper patterning

frame

Laminated 
Photo-
i bl

Polyimide etching

Copper reductionimage-able 
cover lay

Copper reduction



Detector design optimization, fabrication methods and new geometries
THGEM Example

drilling + chemical rim etching without maskMask etching + drilling; rim = 0.1mm
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Task/Milestone 
Reference

Participating 
Institutes

Description Deliverable 
Nature

Start/Delivery 
Date

WG1-1/Development of 
large area Micro Pattern

CEA Saclay, 
Demokritos

Development of 
large area

First prototype 
(1x0 5m2)

m1/m12
large-area Micro-Pattern 
Gas Detectors -
Micromegas

Demokritos, 
Napoli, Bari, 
Athens Tech. 
U., Athens U., 
Lanzhou, 
Geneva, PNPI,

large area 
Micromegas with 
segmented mesh 
and resistive 
anodes

(1x0.5m2)

Thessaloniki,
Ottawa/Carleto
n

SLHC full size m13/m60

CEA Saclay ILC full size m13/m36

Task & Milestones:
CEA Saclay, 
Ottawa/Carleto
n Demokritos, 
Athens Tech. 
U., Athens U.

ILC full size m13/m36

WG1-1/Development of Bari CERN GEM R&D Report small size m1/m18

Development of largeDevelopment of large--
area Microarea Micro--Pattern Gas Pattern Gas 
Detectors (largeDetectors (large--areaarea WG1-1/Development of 

large-area Micro-Pattern 
Gas Detectors - GEM

Bari, CERN, 
Pisa-Siena, 
Roma, 
Arlington, 
Melbourne, 
TERA, PNPI,

h

GEM R&D Report, small size 
prototypes

m1/m18Detectors (largeDetectors (large--area area 
modules, material modules, material 
budget reduction).budget reduction).

MPI Munich, 
Argonne

Bari, CERN, 
Pisa-Siena

Full scale 
prototype

m6/m18

Development m19/m30Development 
completed

m19/m30

Arlington Medium-size 
prototype

m1/m6

1 m2 prototype m13/m18

1 m3 stack m19/m30

Roma, Bari JLab HallA  full 
scale prototype

m18/m30



WG2: Common Characterization and Physics IssuesWG2: Common Characterization and Physics Issues

Objective 1Objective 1: Development of common standards and comparison of different : Development of common standards and comparison of different 
technologies, performance evaluation of different MPGD detectors.technologies, performance evaluation of different MPGD detectors.technologies, performance evaluation of different MPGD detectors.technologies, performance evaluation of different MPGD detectors.

Objective 2Objective 2: Development of radiation: Development of radiation--hard gaseous detectors operating beyond hard gaseous detectors operating beyond 
the limits of present devices.the limits of present devices.pp

Task 1: Task 1: Development of common test standards (comparison of different technologies in different Development of common test standards (comparison of different technologies in different 
laboratories).laboratories).

Task 2: Task 2: Discharge studies and sparkDischarge studies and spark--protection developments for MPGDs.protection developments for MPGDs.

Task 3: Task 3: Generic aging and material radiationGeneric aging and material radiation--hardness studieshardness studies (creation of database of "radiation(creation of database of "radiation--
hard" materials & detectors depending on application commercially available materialshard" materials & detectors depending on application commercially available materialshard  materials & detectors depending on application, commercially available materials, hard  materials & detectors depending on application, commercially available materials, 
cleanliness requirements, validation tests for final detector modules, gas system construction, cleanliness requirements, validation tests for final detector modules, gas system construction, 
working remedies).working remedies).

Task 4:Task 4: Charging up (gain stability issues) and rate capabilityCharging up (gain stability issues) and rate capabilityTask 4: Task 4: Charging up (gain stability issues) and rate capabilityCharging up (gain stability issues) and rate capability..

Task 5: Task 5: Study of avalanche statistics: exponential versus Polya (saturatedStudy of avalanche statistics: exponential versus Polya (saturated--avalanche mode).avalanche mode).



Development of common test standards (comparison of different 
technologies in different laboratories)
• MPGD Geometry 
• Detector dimensions and gas gain uniformity over the active area
• Gas mixture composition

Detection efficiency

g )

• Detection efficiency
• Maximum gas gain and rate capability
• Energy, spatial and time resolution
• Gas gain calibration (charge pulse injection, 55Fe signal monitoring, current measurements)

Discharge probability• Discharge probability
• If relevant: track position resolution per unit track length

Discharge studies and spark-protection developments for MPGDs.sc a ge stud es a d spa p otect o de e op e ts o G s

MSGC Micromegas GEM



Charging up (gain stability issues) and rate capability
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Generic aging and material radiation-hardness studies

Large area MPGDs open new challenges:
• Large area irradiation
• New detector materials: minimum material budget, rad-hard and outgassing-free
• New assembly procedures
• For large experiments: distributed, cost-effective, mass production procedures

Creation of database of "radiation-hard" materials &

Source NoteEffect in
G DOutgasProduct Source Result

Effect
inOutgasProduct

Creation of database of radiation hard  materials & 
detectors depending on application, commercially available materials

CERN/GDD

HERA-B/OTR

CERN/GDD

Out of

In Use

Long
curing time

NONOHEXCEL EPO 93L

NONOSTYCAST 1266
(A+Catalyst 9)

NO
G.D.

NOSTYCAST 1266
(A+B)

BADYES
ARALDITE AW 106

(Hardener HV 935 U)
CERN/GDD
ATLAS/TRT

CERN/GDD BAD

Result

YESYESDURALCO 4525

in
G.D.

OutgasProduct

In UseNONOARALDITE AW103
(Hardener HY 991)

CERN/GDD
ATLAS/TRT

In UseNONOECCOBOND 285HERA-B/ITR
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BAD-YES
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CERN/GDD
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BAD
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-

YES
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In UseNONOTRABOND 2115ATLAS/TRT

BAD-YESEPOTEK E905CERN/GDD
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(UV)CERN/GDD
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BAD-YESNORLAND NEA 155CERN/GDD

Low Outgassing room T epoxiesLow Outgassing room-T epoxies

Outgassing room-T epoxies



WG3: Applications 

Objective: Evaluation and optimization of MPGD technologies for specific 
applications.

Task 1: Task 1: MPGD based detectors for tracking and triggeringMPGD based detectors for tracking and triggering (including Muon Systems).(including Muon Systems).

Task 2: Task 2: MPGD based Photon Detectors (e.g. for RICH).MPGD based Photon Detectors (e.g. for RICH).

Task 3: Task 3: Applications of MPGD based detectors in Calorimetry.Applications of MPGD based detectors in Calorimetry.

Task 4: Task 4: Cryogenic Detectors for rare events searches.Cryogenic Detectors for rare events searches.

Task 5: Task 5: XX--ray and neutron imaging.ray and neutron imaging.

Task 6: Task 6: Astroparticle physics applications.Astroparticle physics applications.

Task 7: Task 7: Medical applications.Medical applications.

Task 8: Task 8: Synchrotron Radiation, Plasma Diagnostics and Homeland Security applications.Synchrotron Radiation, Plasma Diagnostics and Homeland Security applications.

Applications area will benefit from the technological developments proposed Applications area will benefit from the technological developments proposed 
b th C ll b ti h th ibilit f th l ti f thb th C ll b ti h th ibilit f th l ti f thby the Collaboration; however the responsibility for the completion of the by the Collaboration; however the responsibility for the completion of the 
application projects lies with the institutes themselves.application projects lies with the institutes themselves.



MPGD based detectors for tracking and triggering



WG4: Simulations and Software Tools 

ObjectiveObjective: Development of common, open access software and documentation : Development of common, open access software and documentation 
for MPGD simulations.for MPGD simulations.

Task 1: Task 1: Development of algorithms (in particular in the domain of very small scale structures).Development of algorithms (in particular in the domain of very small scale structures).

Task 2: Task 2: Simulation improvements.Simulation improvements.

Task 3: Task 3: Development of common platform for detector simulations (integration of gasDevelopment of common platform for detector simulations (integration of gas--based based 
detector simulation tools to Geant4, interface to ROOT).detector simulation tools to Geant4, interface to ROOT).

Task 4: Task 4: Explore possibilities to further integrate detector and electronics simulation.Explore possibilities to further integrate detector and electronics simulation.p p gp p g



WG5: MPGD Related Electronics 

ObjectiveObjective: Readout electronics optimization and integration with detectors: Readout electronics optimization and integration with detectorsObjectiveObjective: Readout electronics optimization and integration with detectors.: Readout electronics optimization and integration with detectors.

Task 1Task 1:: Definition of frontDefinition of front--end electronics requirements for MPGDs.end electronics requirements for MPGDs.
Conventional readout systems: GASSIPLEX, ASDQ, CARIOCA, ALTRO, SUPER ALTRO; APV, VFATConventional readout systems: GASSIPLEX, ASDQ, CARIOCA, ALTRO, SUPER ALTRO; APV, VFAT

Task 2: Task 2: Development of generalDevelopment of general--purpose pixel chip for active anode readout.purpose pixel chip for active anode readout.
GOSSIP (Gas On Slimmed Si Pixels)GOSSIP (Gas On Slimmed Si Pixels)

Task 3: Task 3: Development of large area detectors with pixel readout.Development of large area detectors with pixel readout.
Medipix2, TimepixMedipix2, Timepix

Task 4: Task 4: Development of portable multichannel systems for detector studies.Development of portable multichannel systems for detector studies.

Task 5: Task 5: Discharge protection strategies.Discharge protection strategies.

Timepix+Siprot+IngridTimepix+Siprot+Ingrid



WG6: Production

Objective:Objective: Development of costDevelopment of cost--effective technologies and industrialization effective technologies and industrialization 
(technology transfer)(technology transfer)

Task 1: Task 1: Development and maintenance of a common “Production Facility”. Development and maintenance of a common “Production Facility”. 

Task 2: Task 2: MPGD production industrialization (quality control, costMPGD production industrialization (quality control, cost--effective production, largeeffective production, large--
volume production).volume production).))

Task 3: Task 3: Collaboration with Industrial Partners.Collaboration with Industrial Partners.

1. Production requirements
• detector dimensions 
• GEM (single mask) 120*50 cm2 , Micromegas (bulk)  200*100 cm2

2. Inventory of production capabilities
• material limitations• material limitations
• equipment limitations
• today:   GEM (single mask) 70*40 cm2  , Micromegas (bulk) 150*50 cm2

3. Common facility to produce prototypes at CERN TS workshop (production facility improvements, if3.  Common facility to produce prototypes at CERN TS workshop (production facility improvements, if 
technological developments in the RD51 will require this, participation in the upgrade of production 
infrastructure from common investments.)

4. Industrializationdus a a o
• which production steps do we transfer to industry
• how to teach and check industrial partners
• IP and licensing issues treated with the help of DSU/TT



WG7: Common Test Facilities 

ObjectiveObjective: Design and maintenance of common infrastructure for detector : Design and maintenance of common infrastructure for detector 
characterization.characterization.

Task 1: Task 1: Development and Development and maintenancemaintenance of a common Testof a common Test--Beam Facility.Beam Facility.

1. A basic setup in the first year, including trigger devices and logic, tracking telescope and 
high precision mechanics gas system and infrastructureshigh precision mechanics, gas system and infrastructures.

2. A flexible DAQ and slow control system.
3. A common approach in data analysis and the development of a common analysis 

framework.

Task 2: Task 2: Development of common irradiation infrastructures and irradiation test Development of common irradiation infrastructures and irradiation test programme.programme.

For this task the collaboration will provide to the facilities experts:p p
1. A common list of material and components to be validated in PS-T7;
2. The specifications requested to the new GIF++ facility;
3. The infrastructures and devices (trigger, DAQ.. see test beam facility) required inside 

GIF++ f ilitGIF++ facility



Partners and Their Fields of Contribution:



Resources and Infrastructure

• micro-structure production facilities

• gas detector development laboratories

• clean room, assembly facilities

• gas and gas purification systems

• facilities for gas and materials studies• facilities for gas and materials studies

• facilities for thin film deposition

• facilities for electronics development, 
production and testing

• irradiation facilities• irradiation facilities



Resources requested from CERN as a host lab:

RD51 does not request a direct financial contribution from CERN.

The collaboration would like to ask for the following resources and infrastructure at CERN:

• Access to irradiation and test beam facilities (including the possibility to keep “semi-
permanent” setup) The collaboration foresees typically 2 annual test beam campaignspermanent  setup). The collaboration foresees typically 2 annual test beam campaigns 
each of a few weeks duration.

• Privileged access to CERN TS-DEM Printed Circuit Workshop (similar to present 
availability level). Participation in investments for production infrastructure to stay in line 
with technology advances.

• Access to Silicon Bonding LaboratoryAccess to Silicon Bonding Laboratory

• Access to central computing resources and Grid access for MPGD simulations.

Li i d f ffi• Limited amount of office space



Spares



Current Trends in Micro-Pattern Gas Detectors (Performance)

• Low Material Budget
• Geometrical Flexibility
• Readout StructuresReadout Structures



Collaboration Web Page:

Home - RD51 Collaboration



MPG Detectors

Detector Design & Development

Component Production

Component Quality ControlComponent Quality Control

Detector Assembly

Detector Test



MPG Detectors

Electronics
APV
VFAT
GP5
ALTRO
MEDIPIX

Garfield
Maxwell

Detector Simulations
Maxwell
Magboltz 
Imonte 
Heed

Technology Dissemination

PANalytical
3M
TechEtch
T htTechnology Dissemination Techtra
Centronic
G&A



Current Trends in Micro-Pattern Gas Detectors (Current and Future Applications)

COMPASS 

NA48 / KABES

COMPASS

LHCb Muon DetectorNA48 / KABES

CAST (CERN Axial Solar Telescope)

LHCb Muon Detector

TOTEM Telescope

nTOF (neutron beam profiles)

Laser MegaJoule 

HBD (Hadron Blind Detector)

Cascade neutron detection

DEMIN (inertial confinement fusion) NA49 - upgrade

Picollo (in-core neutron measurement)

T2K Time Projection Chamber

X-Ray Polarimeter (XEUS)

GEM TPC for LEGs, BoNuS

Linear Collider TPC (?)

ATLAS Muon System Upgrade (?)

Linear Collider TPC (?)

KLOE2 t d t t (?)ATLAS Muon System Upgrade (?) KLOE2 vertex detector (?)



Resistive anode:

Discharge studies and spark-protection developments for MPGDs

RTGEM: resistive electrode THGEM

3÷10 GΩ/ copper oxide layer
meshmesh

Charge dispersion readout

resistive foilresistive foil
glueglue
padspads

mm

1 MΩ/     plastic foil

PCBPCB

Gain of RETGEM in various gases:


