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OUTLINE / R & D ACTIVITIES:OUTLINE / R & D ACTIVITIES:OUTLINE / R & D ACTIVITIES:OUTLINE / R & D ACTIVITIES:100 100 μμmm

MSGC:MSGC:
1. Development of Radiation Hard Technologies1. Development of Radiation Hard Technologies

2. State2. State--ofof--thethe--art of MPGD (GEM, Micromegas)art of MPGD (GEM, Micromegas)

1. Development of Radiation Hard Technologies1. Development of Radiation Hard Technologies

2. State2. State--ofof--thethe--art of MPGD (GEM, Micromegas)art of MPGD (GEM, Micromegas)10 10 μμmm

MSGC:MSGC:

50 50 μμmm

3. Technological Aspects of the MPGD Development3. Technological Aspects of the MPGD Development

4 Detectors and Electronics Integration4 Detectors and Electronics Integration

3. Technological Aspects of the MPGD Development3. Technological Aspects of the MPGD Development

4 Detectors and Electronics Integration4 Detectors and Electronics Integration
140 140 μμmm

4. Detectors and Electronics Integration4. Detectors and Electronics Integration

5. Software Tools Development for MPGD 5. Software Tools Development for MPGD 
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5. Software Tools Development for MPGD 5. Software Tools Development for MPGD 

6. Advances in Hole6. Advances in Hole--Type Multipliers Type Multipliers 

7 MPGD Industrial Applications7 MPGD Industrial Applications
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7 MPGD Industrial Applications7 MPGD Industrial Applications

Micromegas:Micromegas:

7. MPGD Industrial Applications7. MPGD Industrial Applications7. MPGD Industrial Applications7. MPGD Industrial Applications

MicroMicro--Pattern Gas Detectors, Towards R & D Collaboration Pattern Gas Detectors, Towards R & D Collaboration 
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RD10 (1992RD10 (1992 1993)1993) RD28 (1993RD28 (1993 1996)1996)RD10 (1992RD10 (1992--1993)1993) RD28 (1993RD28 (1993--1996)1996)

(RD10 & RD28 & new LHC developments(RD10 & RD28 & new LHC developments(RD10 & RD28  & new LHC developments(RD10 & RD28  & new LHC developments
has a greatest impact on ourhas a greatest impact on our

understanding of radiation hardness understanding of radiation hardness 
in all types of gas detectors)in all types of gas detectors)yp g )yp g )

Aging and radiation hardnessAging and radiation hardness
of gas detectors of gas detectors ÆÆ See M. Capeans talkSee M. Capeans talk



RATE CAPABILITY > 10RATE CAPABILITY > 1066/mm/mm22s;SPACE ACCURACY ~ 40 µm;2s;SPACE ACCURACY ~ 40 µm;2--TRACK RESOLUTION ~ 400 µmTRACK RESOLUTION ~ 400 µm

Major processes leading Major processes leading at high rates at high rates 
toto MSGC operating instabilitiesMSGC operating instabilities::

RATE CAPABILITY  10RATE CAPABILITY  10 /mm/mm s;SPACE ACCURACY  40 µm;2s;SPACE ACCURACY  40 µm;2 TRACK RESOLUTION  400 µmTRACK RESOLUTION  400 µm

gg

•• SSubstrate charging upubstrate charging up

•• MicroMicro--dischargesdischarges

•• Deposition of polymers (aging)Deposition of polymers (aging)ON 
EXPOSURE TO

RD28: aging results from MSGC communityRD28: aging results from MSGC community

Drift electrode

EXPOSURE TO
α PARTICLES

g g yg g y

Anode strip

MSGCMSGC
(R. Bouclier et al., NIMA381(1996) 289,(R. Bouclier et al., NIMA381(1996) 289,

M. Capeans, ICFA Instrum. Bull.24(2002)85M. Capeans, ICFA Instrum. Bull.24(2002)85--109)109)

Cathode strips

Glass support

Back plane

((NASA DATABASE NASA DATABASE -- Outgassing Data for selecting Outgassing Data for selecting 
Spacecraft Spacecraft mmaterialsaterials

http://epims.gsfc.nasa.gov/og/index.cgihttp://epims.gsfc.nasa.gov/og/index.cgi))



Novel Pixel System:Novel Pixel System:
100 100 μμmm

10 10 μμmm

σσ < 10 < 10 μμmmσσ ~ 100 ~ 100 μμmm

LHC (SLHC):LHC (SLHC):
•• Radiation hard conceptsRadiation hard concepts

•• High granularityHigh granularity
50 50 μμmm

140140 μμmm

•• High granularityHigh granularity

ILC:ILC:
140 140 μμmm•• UltraUltra--high precisionhigh precision

•• Minimal material budgetMinimal material budget

Many detector issues to be addressed for the SLHC and ILC Many detector issues to be addressed for the SLHC and ILC 
ÆÆ Need for a common R & D effortsNeed for a common R & D efforts



F. Sauli, NIM A386(1997) 531;F. Sauli, NIM A386(1997) 531;
F. Sauli, http://www.cern.ch/GDDF. Sauli, http://www.cern.ch/GDD

Full decoupling of amplification stage (GEM)Full decoupling of amplification stage (GEM)Full decoupling of amplification stage (GEM)Full decoupling of amplification stage (GEM)
and readout stage (PCB, anode)and readout stage (PCB, anode)

Cartesian Cartesian 
HighHigh--rate capability > 10rate capability > 1055 Hz/mmHz/mm22

Discharge probabilityDischarge probability

50 50 μμmm

Compass, LHCbCompass, LHCb
Discharge probabilityDischarge probability
with with αα -- particles: particles: 

140 140 μμmm
Small angleSmall angle

Amplification and readout structures can be optimized independently !Amplification and readout structures can be optimized independently ! Hexaboard, padsHexaboard, pads
MICEMICE

33 cm

Amplification and readout structures can be optimized independently !Amplification and readout structures can be optimized independently !

MixedMixed
TotemTotem

Novel GEM Developments at CERN Novel GEM Developments at CERN ÆÆ see L. Ropelewski  talksee L. Ropelewski  talk

CompassCompass TotemTotem NA49NA49--futurefuture



Y. Giomataris, Y. Giomataris, 
NIM A376(1996) 29NIM A376(1996) 29

Parallel plate multiplication in thin gapsParallel plate multiplication in thin gaps CAST readout:CAST readout:Parallel plate multiplication in thin gapsParallel plate multiplication in thin gaps
between a fine mesh and anode platebetween a fine mesh and anode plate

CAST readoutCAST readout

Small gapSmall gapÆÆ good energy resolutiongood energy resolution

“Bulk” Micromegas:“Bulk” Micromegas:

Spatial Spatial 
resolution  resolution  Bulk  Micromegas:Bulk  Micromegas:σσ ~ 12 ~ 12 μμmm

J. Derre et al, NIM A459 (2001) 523J. Derre et al, NIM A459 (2001) 523

Piccolo MicromegasPiccolo MicromegasPiccolo MicromegasPiccolo Micromegas
in Casaccia Reactorin Casaccia Reactor

T2K Micromegas:T2K Micromegas:T2K Micromegas:T2K Micromegas:

Latest Developments with Micromegas and R&D  Latest Developments with Micromegas and R&D  ÆÆ see I. Giomataris,  D. Attie talkssee I. Giomataris,  D. Attie talks



COMPASS COMPASS 

NA48 / KABESNA48 / KABES

COMPASSCOMPASS

LHCb Muon DetectorLHCb Muon DetectorNA48 / KABESNA48 / KABES

CAST (CERN Axial Solar Telescope)CAST (CERN Axial Solar Telescope)

LHCb Muon DetectorLHCb Muon Detector

TOTEM TelescopeTOTEM Telescope

nTOF (neutron beam profiles)nTOF (neutron beam profiles)

Laser MegaJoule Laser MegaJoule 

HBD (Hadron Blind Detector)HBD (Hadron Blind Detector)

Cascade neutron detectionCascade neutron detection

DEMIN (inertial confinement fusion)DEMIN (inertial confinement fusion) NA49 NA49 -- upgradeupgrade

Picollo (inPicollo (in--core neutron measurement)core neutron measurement)

T2K Time Projection ChamberT2K Time Projection Chamber

XX--Ray Polarimeter (XEUS)Ray Polarimeter (XEUS)

GEM TPC for LEGs, BoNuSGEM TPC for LEGs, BoNuS

Linear Collider TPC (?)Linear Collider TPC (?)

ATLAS Muon System Upgrade (?)ATLAS Muon System Upgrade (?)

Linear Collider TPC (?)Linear Collider TPC (?)

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



High Rate Forward spectrometer:High Rate Forward spectrometer: COMPASS beam ~ 5* 10COMPASS beam ~ 5* 107 7 muons/s  on muons/s  on 66LiD targetLiD target

22 22 TRIPLE GEM DETECTORS TRIPLE GEM DETECTORS 
(31*31 cm(31*31 cm22) ) 

& 12 MICROMEGAS PLANES& 12 MICROMEGAS PLANES

g pg p gg

& 12 MICROMEGAS PLANES & 12 MICROMEGAS PLANES 
(40*40 cm(40*40 cm22))

High Rate /High Rate /
Hi h P i i /Hi h P i i /

25 kHz/mm25 kHz/mm22

High Precision / High Precision / 
Low Mass Detectors:Low Mass Detectors:

25 kHz/mm25 kHz/mm22

Micromegas resolution Micromegas resolution σσ ~~ 990 µm0 µmGEMGEM resolutionresolution σσ ~ ~ 70 µm70 µm AVERAGED OVERAVERAGED OVER
(ALL PLANES)(ALL PLANES)

gg µµµµ

ReadoutReadout
pitch ~ 400pitch ~ 400 μμmm

(ALL PLANES):(ALL PLANES):

pitch  400 pitch  400 μμmm

AFTERAFTER
DECONVOLUTIONDECONVOLUTIONDECONVOLUTIONDECONVOLUTION

OF TRACK OF TRACK 
ERRORERROR
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Future GEM developments for COMPASS and PANDA experimentsFuture GEM developments for COMPASS and PANDA experimentsÆÆ see B. Ketzer talksee B. Ketzer talk



12 Triple GEM Detectors in the innermost region of M1:12 Triple GEM Detectors in the innermost region of M1: (rates up to 0.5 MHz/cm(rates up to 0.5 MHz/cm2)2)12 Triple GEM Detectors in the innermost region of M1: 12 Triple GEM Detectors in the innermost region of M1: (rates  up to 0.5 MHz/cm(rates  up to 0.5 MHz/cm

Efficiency of 2 chambers in `OR’Efficiency of 2 chambers in `OR’Triple GEM (~ 20 * 25 cmTriple GEM (~ 20 * 25 cm22) ) yy
@ 20 ns time window@ 20 ns time window

p (p ( ))
with Ar/CFwith Ar/CF44/CO/CO2 2 (45:40:15):(45:40:15):

Time resolution: RMS ~ 4.5 nsTime resolution: RMS ~ 4.5 ns
M. Alfonsi. IEEE TNSM. Alfonsi. IEEE TNS--51(5) (2004) 2135 51(5) (2004) 2135 

GEM Activities at INFNGEM Activities at INFNGEM Activities at INFNGEM Activities at INFN
(GEM @ LHCb, Cylindrical GEM @ KLOE(GEM @ LHCb, Cylindrical GEM @ KLOE

ÆÆ see M. Alfonsi talksee M. Alfonsi talk



Idea (1976):Idea (1976): proposal for PEP4 at LBLproposal for PEP4 at LBLIdea (1976):Idea (1976): proposal for PEP4 at LBLproposal for PEP4 at LBL
Proven technology:Proven technology: DELPHI, ALEPH (LEP),DELPHI, ALEPH (LEP),
Ceres, NA49, STAR (heavyCeres, NA49, STAR (heavy--ion experiments)ion experiments)
Future experiments:Future experiments: ALICE (LHC), T2K, ILCALICE (LHC), T2K, ILC

☺☺ Future readout concepts for TPC :Future readout concepts for TPC :pp
GEM, MicromegasGEM, Micromegas

GEM: GEM: ☺☺ Tiny E x B effect,Tiny E x B effect,
O f ( )O f ( )

The LCTPC collaboration: key aspects ofThe LCTPC collaboration: key aspects of
activity activity ÆÆ see K. Dehmelt talksee K. Dehmelt talk

•• Only fast electron signal (no ion tail) Only fast electron signal (no ion tail) 
•• Narrow pad res. function Narrow pad res. function ÆÆ lower gainlower gain

•• Freedom in readout structuresFreedom in readout structures



Triple GEM:Triple GEM: Micromegas:Micromegas:Single Point ResolutionSingle Point Resolution
(with resistive anode readout)(with resistive anode readout)

MPDG TPC HAS DEMONSTRATED ITS POTENTIAL TO ACHIEVE  MPDG TPC HAS DEMONSTRATED ITS POTENTIAL TO ACHIEVE  σσ ~ 100 ~ 100 μμmm

determined bydetermined by

•• Transverse diffusionTransverse diffusion

(with resistive anode readout)(with resistive anode readout)

•• Readout geometryReadout geometry

•• Defocussing (3Defocussing (3--GEM)GEM)•• Defocussing (3Defocussing (3--GEM)GEM)

THE NARROW SIGNAL SPREADTHE NARROW SIGNAL SPREADAT B=4 T SPATIAL RESOLUTION ISAT B=4 T SPATIAL RESOLUTION IS THE NARROW SIGNAL SPREAD THE NARROW SIGNAL SPREAD 
(PRF ~ 10 (PRF ~ 10 μμm) REQUIRES SIGNALm) REQUIRES SIGNAL
BROADENING FOR O(1 mm) PADSBROADENING FOR O(1 mm) PADS

AT B 4 T SPATIAL RESOLUTION ISAT B 4 T SPATIAL RESOLUTION IS
DOMINATED BY READOUT DOMINATED BY READOUT 

STRUCTURE (2 * 6 mmSTRUCTURE (2 * 6 mm22 PADS)PADS)

M. Janssen, 2006 IEEE NSS/MIC Conference Record  M. Janssen, 2006 IEEE NSS/MIC Conference Record  (P. Colas et al, arXiv: (P. Colas et al, arXiv: physics/0703243physics/0703243 ) ) 

R & D R & D 
Activities:Activities:

•• Single and twoSingle and two--track resolution (in presence of beam bkg) track resolution (in presence of beam bkg) 
ÆÆ gas mixture & ion feedback optimizationgas mixture & ion feedback optimization

•• Endplate design for minimal materialEndplate design for minimal material

MPDGMPDG--TPC Performance & Charge dispersive readout TPC Performance & Charge dispersive readout ÆÆ see P. Colas, A. Bellerive talkssee P. Colas, A. Bellerive talks

gg
ÆÆ detector & electronics integrationdetector & electronics integration



“BULK” MICROMEGAS @HARP ENDPLATE: “BULK” MICROMEGAS @HARP ENDPLATE: 2 GEM GLUED TOGETHER @ CERN: 2 GEM GLUED TOGETHER @ CERN: 

Talks at workshop Talks at workshop ÆÆ R. de Oliveira, A. Delbart, S. Pinto, K. Kurvinen, N. Smirnov  R. de Oliveira, A. Delbart, S. Pinto, K. Kurvinen, N. Smirnov  



Large area/robustness industrial processLarge area/robustness industrial processLarge area/robustness, industrial processLarge area/robustness, industrial process
Low material detectorsLow material detectors

no separate assembly of PCB & Micromesh gridno separate assembly of PCB & Micromesh grid
1)  PCB1)  PCB

T2K Micromegas / TPC:T2K Micromegas / TPC:

~ 10 m~ 10 m22 TPC endplateTPC endplate
ill b i d i 2009 ithill b i d i 2009 ith

))
2)  Photoresistive film lamination (50 2)  Photoresistive film lamination (50 -- 150 150 μμm)m)
3)  Mesh lamination3)  Mesh lamination ((φφ 19 19 μμmm 500 LPI)500 LPI)

4) Photoresisti e film lamination4) Photoresisti e film lamination (50(50 150150 mm )

will be equipped in 2009 withwill be equipped in 2009 with
72 Bulk Micromegas (34 * 36 cm72 Bulk Micromegas (34 * 36 cm22))

J. Bouchez, NIMA574(2007) 425 J. Bouchez, NIMA574(2007) 425 4) Photoresistive film lamination4) Photoresistive film lamination (50 (50 -- 150150 μμmm )

5)  UV exposure through mask5)  UV exposure through mask
6)  Development6)  Development (chemical solution)(chemical solution)

( )( )

BULK MICROMEGAS BULK MICROMEGAS ÆÆ
see A. Delbart talksee A. Delbart talk

UV
Pillar: Pillar: φφ 200 200 -- 400 400 μμmm

R&D for ATLAS Muon Upgrade:R&D for ATLAS Muon Upgrade:

Photoresist 2Photoresist 2 MeshMesh

MaskMask
2 2 -- 4 mm4 mm 50 50 -- 100 100 μμmmMini: 4 mmMini: 4 mm (trigger & tracking in single chamber)(trigger & tracking in single chamber)

Replace muon chambers in regions Replace muon chambers in regions 
with highest counting rateswith highest counting rates

PCBPCB

Photoresist 1Photoresist 1
MeshMesh with highest counting rates with highest counting rates 

(few kHz/cm(few kHz/cm22 @ L=10@ L=103535cmcm--22 ss--11,,
mostly from neutrons and mostly from neutrons and γγ’s)’s)

PCBPCB

I. Giomataris et al, NIM A560 (2006) 405I. Giomataris et al, NIM A560 (2006) 405

Need largeNeed large--size detectors (1 * 2 m)size detectors (1 * 2 m)
ÆÆ See J. Wotschak talkSee J. Wotschak talk



ANALOG VLSI ASIC@ PISAANALOG VLSI ASIC@ PISA
0.18 0.18 μμm CMOS VLSIm CMOS VLSI

ANALOG VLSI ASIC@ PISAANALOG VLSI ASIC@ PISA
ÆÆ See R. Bellazzini talkSee R. Bellazzini talk

E .Costa, Nature 411 (2001) 662E .Costa, Nature 411 (2001) 662

MEDIPIX2 / TIMEPIX CHIPMEDIPIX2 / TIMEPIX CHIP
ÆÆ S M C b ll t lkS M C b ll t lk

R. Bellazzini, NIMA535 (2004) 477R. Bellazzini, NIMA535 (2004) 477

ÆÆ See M. Campbell talkSee M. Campbell talk

P. Colas, NIMA535 (2004) 506P. Colas, NIMA535 (2004) 506
A Bamberger NIMA573(2007) 361A Bamberger NIMA573(2007) 361A. Bamberger, NIMA573(2007) 361A. Bamberger, NIMA573(2007) 361

NovelNovel ASIC R&D Developments for the MPGDASIC R&D Developments for the MPGDNovelNovel ASIC R&D Developments for the MPGD ASIC R&D Developments for the MPGD 
( … not limited to CMOS readout … )( … not limited to CMOS readout … )

ÆÆ see W Riegler L Musa P Baron W Snoyessee W Riegler L Musa P Baron W SnoyesÆÆ see W. Riegler, L. Musa, P. Baron, W. Snoyes, see W. Riegler, L. Musa, P. Baron, W. Snoyes, 
N. Malakhov, G. Felici, J. Pouthas, T. Tanimori talksN. Malakhov, G. Felici, J. Pouthas, T. Tanimori talks



Gas Detector Readout by multiGas Detector Readout by multi--pixel CMOS array (used as charge collecting anode)pixel CMOS array (used as charge collecting anode)

EXPERIMENTAL OPPORTUNITIES:`EXPERIMENTAL OPPORTUNITIES:`

Gas Detector Readout by multiGas Detector Readout by multi pixel CMOS array (used as charge collecting anode)pixel CMOS array (used as charge collecting anode)

1) Reconstruction of photoelectrons1) Reconstruction of photoelectrons
from Xfrom X--Ray (2Ray (2--10 keV) conversions10 keV) conversions

GEM +GEM +

VLSIVLSI

2) High2) High--Rate Particle Tracking Rate Particle Tracking ÆÆ
no ambiguity with multino ambiguity with multi track & multitrack & multi hit eventshit events

VLSIVLSI
ASICASIC

no ambiguity with multino ambiguity with multi--track & multitrack & multi--hit eventshit events

Time Projection Chamber (TPC, Time Projection Chamber (TPC, μμTPC)TPC)
ÆÆ precision 3precision 3--D track reconstructionD track reconstructionÆÆ precision 3precision 3 D track reconstructionD track reconstruction

3) Single Photon Detection3) Single Photon Detection
GEM +GEM +

Medipix2Medipix2
(5 GeV e(5 GeV e--))

4) Advanced Compton Telescope  &4) Advanced Compton Telescope  &
Low energy nuclear recoil reconstructionLow energy nuclear recoil reconstruction

in WIMP or neutrino interactions in WIMP or neutrino interactions 

(5 Ge e(5 Ge e ))

ÆÆ both direction and dynamics of photoelectronboth direction and dynamics of photoelectron
or nuclear recoil can be accurately trackedor nuclear recoil can be accurately tracked



“SELF“SELF PORTRAIT” OF GEM AMPLIFICATION STRUCTUREPORTRAIT” OF GEM AMPLIFICATION STRUCTURESELFSELF-- PORTRAIT” OF GEM AMPLIFICATION STRUCTUREPORTRAIT” OF GEM AMPLIFICATION STRUCTURE
•• UV photoUV photo--detector detector (semi(semi--transparatent CsI + GEM)transparatent CsI + GEM)

•• Single photoelectrons entering GEM holeSingle photoelectrons entering GEM hole
Intrinsic resolution of Intrinsic resolution of 
the readthe read--out systemout system

•• GEM foil & CMOS chip pitch (50 GEM foil & CMOS chip pitch (50 μμm)m)
the readthe read out systemout system

(S/N and systematics): (S/N and systematics): 

Pitch 49 8 m

X-projection:

X X ––

Pitch ~ 49.8 μm

PROJECTIONPROJECTION

Resolution is not degraded by avalancheResolution is not degraded by avalanche

Center of  “gravity” ofCenter of  “gravity” of
single electron avalanchesingle electron avalancheResolution is not degraded by avalancheResolution is not degraded by avalanche

spread in the GEM amplification systemspread in the GEM amplification system σσ ~ 4 ~ 4 μμmm

R. Bellazzini et al, arXiv: physics/0703176R. Bellazzini et al, arXiv: physics/0703176



InGrid: integrate Micromegas & TimepixInGrid: integrate Micromegas & TimepixInGrid: integrate Micromegas & TimepixInGrid: integrate Micromegas & Timepix
by Siby Si--wafer postwafer post--processing technologyprocessing technology
•• Grid robustness & Gap/Hole accuracy Grid robustness & Gap/Hole accuracy 

0.8 µm Al grid0.8 µm Al grid
DepositDeposit

50 50 µm SU(8)µm SU(8)

Pattern AlPattern Al

Development Development 
of SU8 of SU8 

photoresistphotoresist
UV ExposureUV ExposureUV ExposureUV Exposure

KK filtered spectrum with Cr foilfiltered spectrum with Cr foil
InsulatingInsulating

pillarspillars

KKββ--filtered spectrum with Cr foilfiltered spectrum with Cr foil

11.7% 
FWHM5.9 keV in P105.9 keV in P10

New Grid developments New Grid developments ÆÆ see J. Timmermans talksee J. Timmermans talk



MicromegasMicromegasMicromegasMicromegas
gridgrid Cosmic ray track:Cosmic ray track:

Timepix + Ingrid + 20 Timepix + Ingrid + 20 μμm thick ASim thick ASi
l t f i l t il t f i l t i (SiP t)(SiP t)layer on top of pixel matrixlayer on top of pixel matrix (SiProt)(SiProt)
ÆÆ attenuate discharge currentattenuate discharge current

Resolution: Resolution: σσtt
2 2 = = σσ00

2 2 + D+ Dtt
2 2 . Z. Z

ithith l ti t “0” d iftl ti t “0” d ift

TIMEPIXTIMEPIX

with with σσ0 0 -- resolution at “0” drift resolution at “0” drift 
length & Dlength & Dtt diffusion coefficientdiffusion coefficient



TIMEPIX CHIPTIMEPIX CHIP

3 i l f ti lit d600 μm

TIMEPIX CHIP TIMEPIX CHIP 
3D TRACKING (TIME) 3D TRACKING (TIME) 

+ TOT Information :+ TOT Information :
3 pixel functionality modes600 μm

•• Superior double trackSuperior double track
resolution resolution 

•• Benefit fromBenefit from1414 5 G V5 G V
14 mm 14 mm 

Benefit from Benefit from 
TOT & TIME information TOT & TIME information 
(correct timewalk using TOT(correct timewalk using TOT

& reject & reject δδ--electrons)electrons)

14 mm 14 mm 5 GeV e5 GeV e--

Spatial Resolution Spatial Resolution 
vs drift distance:vs drift distance:

DD22
tt * * zz

nnelel
clcl

σσ22
meanmean = = σσ22

00 + + ------------------
DATADATA

SIMULATION:SIMULATION:

Dt: transverse diffusion coef.
nel

cl: primary electons/ cluster
z: drift distance

σσ00 ~ 20 ~ 20 -- 25 25 μμmm

ÆÆ See U.Renz talkSee U.Renz talk



RELAXD project (Dutch/Belgian): NIKHEF, panalytical, IMEC, CanberraRELAXD project (Dutch/Belgian): NIKHEF, panalytical, IMEC, Canberra

DETECTOR and ELECTRONICSDETECTOR and ELECTRONICS
INTEGRATION FOR MILLIONS CHANNELS:INTEGRATION FOR MILLIONS CHANNELS:

•• Truly 2D / 3D imageTruly 2D / 3D image (high rate capability)(high rate capability)

•• 2D high density readout plane2D high density readout plane (~50 (~50 μμm)m)

•• No long signal routine linesNo long signal routine lines (low noise)(low noise)

FUTURE DEVELOPMENTS FUTURE DEVELOPMENTS 
Avoid bonding wires Avoid bonding wires ÆÆ ‘Through Si‘Through Si--vias’vias’

integrated multiintegrated multi--layer pixel chip withlayer pixel chip with
`through`through--wafer vias’ connections:wafer vias’ connections:

Wafer postWafer post--processing processing ÆÆ
possibility of signal repossibility of signal re--routing (when pixelrouting (when pixel

detectors & readout cells do not match detectors & readout cells do not match 
perpendicular holes through all Siperpendicular holes through all Si

2 2 μμmm Pixel chipPixel chipPixel chipPixel chip

Readout cellReadout cell
15 µm SU815 µm SU8

Pixel chipPixel chipPixel chipPixel chip

Avoid `dead surface area’ between two pixel chipsAvoid `dead surface area’ between two pixel chips
or in a single pixel chip area, used or in a single pixel chip area, used 

for infor in vias I/O electrical connectionsvias I/O electrical connections

E. Heijne, NIMA541 (2005) 274E. Heijne, NIMA541 (2005) 274
K. Takahashi et al, Microelectron Rel. 43 (2003) 1267K. Takahashi et al, Microelectron Rel. 43 (2003) 1267

for infor in--vias I/O electrical connectionsvias I/O electrical connections



Many tools developed to simulate gaseous detector configurationsMany tools developed to simulate gaseous detector configurations

Maxwell (Ansoft)  Maxwell (Ansoft)  
Electrical field maps in 2D & 3DElectrical field maps in 2D & 3D

Many tools developed to simulate gaseous detector configurationsMany tools developed to simulate gaseous detector configurations
Magboltz (S. Biagi)Magboltz (S. Biagi)

Electron transport properties, driftElectron transport properties, drift
Diffusion multiplication attachmentDiffusion multiplication attachmentElectrical field maps in 2D & 3D  Electrical field maps in 2D & 3D  

HEED  (I. Smirnov)HEED  (I. Smirnov)
Energy loss, ionizationEnergy loss, ionization

Diffusion, multiplication, attachmentDiffusion, multiplication, attachment

Garfield (R. Veenhof)Garfield (R. Veenhof)
Electrical field maps in 2D & 3DElectrical field maps in 2D & 3Dgy ,gy , Electrical field maps in 2D & 3D                Electrical field maps in 2D & 3D                

fields, drift properties fields, drift properties 
Software tools Software tools ÆÆ See R. Veenhof and J. Apostolakis talksSee R. Veenhof and J. Apostolakis talks

SIMULATION STUDIES FOR PIXEL READOUT OF ILC TPC:SIMULATION STUDIES FOR PIXEL READOUT OF ILC TPC:
(http://hausch.home.cern.ch/hausch/MediPix.html)(http://hausch.home.cern.ch/hausch/MediPix.html)

SIMULATEDSIMULATEDSIMULATEDSIMULATED
CHARGECHARGE

DISTRIBUTION DISTRIBUTION 
ON THEON THE

MEDIPIX2 /MEDIPIX2 /

Freiburg 3-GEM set-up NIKHEF MicroMegas set-up 

MEDIPIX2 / MEDIPIX2 / 
TIMEPIXTIMEPIX

SURFACESURFACE
AFTERAFTER
100 cm100 cmFreiburg 3 GEM set up g p 100 cm100 cm

OF DRIFTOF DRIFT
(TESLA TDR gas(TESLA TDR gas

B = 4 T)B = 4 T)



ThickThick--GEM (THGEM)GEM (THGEM) RETGEMRETGEMThickThick GEM (THGEM)GEM (THGEM)

(see M. Cortesi, V. Peskov. R. Bellazzini talks) (see M. Cortesi, V. Peskov. R. Bellazzini talks) 

One of exciting applications of GEM / Micromegas with CMOS multiOne of exciting applications of GEM / Micromegas with CMOS multi--pixel readoutpixel readout
could be position sensitive single photon detectioncould be position sensitive single photon detectionp g pp g p



Simple & Robust Simple & Robust ÆÆ Manufactured by standard PCB techniques of precise Manufactured by standard PCB techniques of precise 
drilling in Gdrilling in G--10 (and other materials) and Cu etching10 (and other materials) and Cu etching

STANDARD GEMSTANDARD GEM
101033 GAIN IN SINGLE GEMGAIN IN SINGLE GEM

THGEMTHGEM
101055 i i i li i i l THGEMTHGEM

The simplest gas PMT!The simplest gas PMT!
101033 GAIN IN SINGLE GEMGAIN IN SINGLE GEM 101055 gain in singlegain in single--THGEMTHGEM Reflective CsI PCReflective CsI PC

0.3 mm

1 mm1 mm
0.7 mm

0.4  mm

•• BETTER STABILITYBETTER STABILITY0.1 mm rim0.1 mm rim
to preventto prevent
dischargesdischarges

•• BETTER STABILITYBETTER STABILITY

•• HIGH GAIN (10HIGH GAIN (1066 ))(Advances in THGEM detectors (Advances in THGEM detectors ÆÆ see M. Cartesi talk)see M. Cartesi talk)

101066
LARGELARGE--AREA DETECTORSAREA DETECTORS

(ns, sub(ns, sub--mm, MHz/mmmm, MHz/mm22):):
SingleSingle--photon imagingphoton imaging (e.g.RICH)(e.g.RICH)SingleSingle photon imagingphoton imaging (e.g.RICH)(e.g.RICH)

SubSub--mm Resolution:mm Resolution:
Particle tracking,TPC readoutParticle tracking,TPC readout

XX--ray & neutron imagingray & neutron imaging

VVHOLE HOLE [Volt][Volt]
C. Shalem et al, NIMA558 (2006) 475; C. Shalem et al, NIMA558 (2006) 475; 

R. Chechik et al, NIM A535 (2004) 303;R. Chechik et al, NIM A535 (2004) 303;

sampling elements in calorimetrysampling elements in calorimetry



Screen printing is widely used in microelectronics to produce patterns of different shapeScreen printing is widely used in microelectronics to produce patterns of different shape

SparkSpark--protected Resistive Electrode Thick GEM (RETGEM) manufactured by a protected Resistive Electrode Thick GEM (RETGEM) manufactured by a 
screen screen -- printing technologyprinting technology

Screen printing is widely used in microelectronics to produce patterns of different shape Screen printing is widely used in microelectronics to produce patterns of different shape 
and resistivity.  Therefore, RETGEM technology produced with screen printing techniquesand resistivity.  Therefore, RETGEM technology produced with screen printing techniques
offers a convenient and widely available alternative to RETGEMs made of Kapton. offers a convenient and widely available alternative to RETGEMs made of Kapton. 
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alpha

Photo of a new RETGEMPhoto of a new RETGEM
Gas gain characteristics

A magnified photo of holesA magnified photo of holes

200 400 600 800 1000120014001600

GEM voltage (V)

Advantages of the screen printing technology:Advantages of the screen printing technology:
Offers costOffers cost--effectiveness, convenience, and easy optimization RETGEMs resistivity effectiveness, convenience, and easy optimization RETGEMs resistivity 

and geometry.  Large area RETGEMs can be produced by this technology. and geometry.  Large area RETGEMs can be produced by this technology. 

(Advances in RETGEM (Advances in RETGEM ÆÆ see V. Peskov talk)see V. Peskov talk) B. Clark  et al, physics/0708.2344B. Clark  et al, physics/0708.2344



150μmMCP (4 MCP (4 μμm) hole at 5.5 m) hole at 5.5 μμm pitch:m pitch: 150μm

RESOLUTION ~ 1RESOLUTION ~ 1-- 2 2 μμmm

XpolXpol 50μm
Series 7-1
128 l/

Vacuum vesselVacuum vessel ReadoutReadout
boardboard

128 l/mm

Series 6-6

Micro Channel Plate Micro Channel Plate 
with USAF1951 with USAF1951 

reticlereticle

Series 6-1
64 l/mm

114 l/mm

reticlereticle

GEM and other charge multipliers with VLSI pixel ASIC GEM and other charge multipliers with VLSI pixel ASIC ÆÆ See R. Bellazzini talkSee R. Bellazzini talk



A real collaboration between research and industrial world will beA real collaboration between research and industrial world will be
crucial for future MPGD developmentscrucial for future MPGD developmentscrucial  for future MPGD developments crucial  for future MPGD developments 



Light output for 138 MeV protons:Light output for 138 MeV protons:ScintillationScintillation light (optical) & chargelight (optical) & charge Readout:Readout:

mirroraluminized 
M lar

GEM2GEM2GEM1GEM1

cathodecathode
transparenttransparent

windowwindow

Light output  for 138 MeV protons:Light output  for 138 MeV protons:Scintillation Scintillation light (optical) & chargelight (optical) & charge Readout:Readout:

ArAr--CFCFMylar
window

3 4 35 mm

ArAr--CFCF44
(96(96--4%)4%)

1 atm1 atm

CCD CCD 
cameracamera

B ithB ith 360360 M VM V bb LIGHT SIGNAL FROM GEM:LIGHT SIGNAL FROM GEM:

3.53.5

44

l (
a.

u.
)

l (
a.

u.
)

Ionization chamberIonization chamber
Scintillating screenScintillating screen

Bragg curve with Bragg curve with 360 360 MeV MeV αα--beambeam

50

100

LIGHT SIGNAL FROM GEM:LIGHT SIGNAL FROM GEM:
((only 4% smaller than ionization chamber signal)only 4% smaller than ionization chamber signal)

22

2.52.5

33

Si
gn

al
Si

gn
al GEMGEM--chargecharge

GEMGEM--lightlight
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0.50.5 Depth (mm)Depth (mm)Gas: Ar/CFGas: Ar/CF44
E. Sevaralli et al., Scintillating GEM for 2D E. Sevaralli et al., Scintillating GEM for 2D 

Dosimetry in Dosimetry in αα--beam, submitted to IEEE TNSbeam, submitted to IEEE TNS
S. Fetal et al., NIMA513 (2003) 42S. Fetal et al., NIMA513 (2003) 42
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XX--Ray (30 keV): Lamb chop (thickness 15 mm)Ray (30 keV): Lamb chop (thickness 15 mm)EPID (GEM +EPID (GEM + γγ Ray Converter):Ray Converter): XX--Ray (30 keV): Lamb chop (thickness 15 mm)Ray (30 keV): Lamb chop (thickness 15 mm)EPID (GEM + EPID (GEM + γγ--Ray Converter):Ray Converter):
Cancer treatment pulsed Cancer treatment pulsed γγ--beambeam
Diagnostic XDiagnostic X--ray image of tumorray image of tumor

Allow to combine XAllow to combine X--ray and ray and 
γγ--ray detector in one deviceray detector in one device

101055--101066 Hz/mmHz/mm22 (< 60 keV X(< 60 keV X--rays);rays);

Newtonian demonstratorNewtonian demonstrator: X: X--Rays ( < Rays ( < 40 40 keV)keV)
ÆÆ 7070 f d (f )f d (f )

(( y );y );
101088-- 101099 Hz/mmHz/mm22 (< 50 MeV (< 50 MeV γγ--Rays)Rays)

ÆÆ 70 70 frames per second (fps)                 frames per second (fps)                 

γγ--converterconverterγγ--converterconverter

ELECTRONICS OUTSIDE THE BEAM ELECTRONICS OUTSIDE THE BEAM 
ÆÆ RADIATION TOLERANT DEVICERADIATION TOLERANT DEVICE J. Ostling et al. IEEE TNSJ. Ostling et al. IEEE TNS--50 (4) (2003) 80950 (4) (2003) 809

J. Ostling et al, NIMA525(2004) 308 J. Ostling et al, NIMA525(2004) 308 



Highly increased systemHighly increased system Radiation hardness isRadiation hardness isHighly increased system Highly increased system 
complexity and sizecomplexity and size

Radiation hardness isRadiation hardness is
of a primary importanceof a primary importance

COMMON R& D as a way to provide a continued progressCOMMON R& D as a way to provide a continued progress
i dd i f t h lli dd i f t h llin addressing future challengesin addressing future challenges

Coherent & System oriented executionCoherent & System oriented execution
plan from R&D to commissioning plan from R&D to commissioning 
(wide use of industrial methods)(wide use of industrial methods)

Achieving intrinsic gas detectorAchieving intrinsic gas detector
performance, even in large systemsperformance, even in large systems
ÆÆ with control of systematicswith control of systematics


