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Micromegas:Micromegas:

MMaximaxim Titov,Titov, CEA Saclay, FranceCEA Saclay, France

SEMINAR OUTLINE:SEMINAR OUTLINE:SEMINAR OUTLINE:SEMINAR OUTLINE:

Thick GEM +Thick GEM +

•• RD51 Motivation and Main ObjectivesRD51 Motivation and Main Objectives

MicroMicro Pattern Gas DetectorsPattern Gas Detectors

•• RD51 Motivation and Main ObjectivesRD51 Motivation and Main Objectives

MicroMicro Pattern Gas DetectorsPattern Gas DetectorsThick GEM +Thick GEM +
(THGEM)(THGEM)

•• MicroMicro--Pattern Gas DetectorsPattern Gas Detectors
(GEM, Micromegas, Thick GEM) (GEM, Micromegas, Thick GEM) 

•• RD51 Collaboration Activities and ResultsRD51 Collaboration Activities and Results

•• MicroMicro--Pattern Gas DetectorsPattern Gas Detectors
(GEM, Micromegas, Thick GEM) (GEM, Micromegas, Thick GEM) 

•• RD51 Collaboration Activities and ResultsRD51 Collaboration Activities and Results
GEM +GEM +

CMOS ASICCMOS ASIC

•• RD51 Collaboration Activities and ResultsRD51 Collaboration Activities and Results

•• Summary and OutlookSummary and Outlook

•• RD51 Collaboration Activities and ResultsRD51 Collaboration Activities and Results

•• Summary and OutlookSummary and Outlook

Chicago University Seminar, November 30, 2009
Research Technique Seminar, Fermilab, December 1, 2009

Brookhaven National Laboratory, December 2, 2009



GEM THGEM

WorldWorld--wide coordination of the research in the fieldwide coordination of the research in the field to advanceto advance
technological development of Micropattern Gas Detectors technological development of Micropattern Gas Detectors 

•• Foster collaborationFoster collaboration between different R&D groups; optimize communication and between different R&D groups; optimize communication and 
sharing of knowledge/experience/results concerning MPGD technology sharing of knowledge/experience/results concerning MPGD technology within and within and 
beyond the particle physics communitybeyond the particle physics community

•• Investigate Investigate worldworld--wide needswide needs of different scientific communities of different scientific communities in the MPGD technologyin the MPGD technology

•• Optimize finances by creation of common projectsOptimize finances by creation of common projects (e.g. technology and electronics (e.g. technology and electronics 
development)development) and common infrastructureand common infrastructure (e.g. test beam and radiation hardness facilities, (e.g. test beam and radiation hardness facilities, 
d t t d l t i d ti f iliti )d t t d l t i d ti f iliti )detectors and  electronics production facilities)detectors and  electronics production facilities)

•• The RD51 collaboration will The RD51 collaboration will steer ongoing R&D activitiessteer ongoing R&D activities but  but  will not direct the will not direct the g gg g
efforteffort andand direction of individual R&D projectsdirection of individual R&D projects

•• Applications area will benefit from the technological developments developed by theApplications area will benefit from the technological developments developed by the•• Applications area will benefit from the technological developments developed by the Applications area will benefit from the technological developments developed by the 
collaborative effort; however collaborative effort; however the responsibility for the completion of the application the responsibility for the completion of the application 
projects lies with the institutes themselves.projects lies with the institutes themselves.



• CERN MPGD workshop (10CERN MPGD workshop (10--11 September 2007)11 September 2007)CERN MPGD workshop  (10CERN MPGD workshop  (10 11 September 2007)11 September 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)

• 11stst draft of the proposal presentation during Nikhef meeting (17 April 2008)draft of the proposal presentation during Nikhef meeting (17 April 2008)
MicroMicro‐‐Pattern Gas Detectors (RDPattern Gas Detectors (RD‐‐51) Workshop, Nikhef, April 1651) Workshop, Nikhef, April 16‐‐18, 200818, 2008(( ) p, , p) p, , p ,,
Gas detectors advance into a second century Gas detectors advance into a second century ‐‐ CERN CourierCERN Courier

• Proposal presentation in CERN/LHCC open session (2 July 2008)Proposal presentation in CERN/LHCC open session (2 July 2008)
94th LHCC Meeting Agenda (0294th LHCC Meeting Agenda (02‐‐03 July 2008)03 July 2008);  ;  
CERN LHCC 2008 011 (LHCC P 011)CERN LHCC 2008 011 (LHCC P 011)CERN‐LHCC‐2008‐011 (LHCC‐P‐011)CERN‐LHCC‐2008‐011 (LHCC‐P‐011)

• CERN/LHCC committee close session (24 September 2008) CERN/LHCC committee close session (24 September 2008) 
Meeting with LHCC referees (23 September 2008)Meeting with LHCC referees (23 September 2008); ; LHCCLHCC‐‐095 minutes095 minutes

• 22ndnd RD51 Collaboration meeting (Paris 13RD51 Collaboration meeting (Paris 13--15 October 2008)15 October 2008)g (g ( ))
2nd RD51 Collaboration Meeting (132nd RD51 Collaboration Meeting (13‐‐15 October 2008)15 October 2008)

• CERNCERN Research Board  approval(5 December 2008)Research Board  approval(5 December 2008)
186th Research Board meeting minutes186th Research Board meeting minutes

••WG2 meeting (10 December 2008)WG2 meeting (10 December 2008)
••WG1 meeting: large area MPGDs (21 January 2009)WG1 meeting: large area MPGDs (21 January 2009)
••GEM & Micromegas detector assembly training session (16 February 2009)GEM & Micromegas detector assembly training session (16 February 2009)
RD51 Mi iRD51 Mi i W k (27W k (27 29 A il 2009)29 A il 2009)••RD51 MiniRD51 Mini‐‐Week (27Week (27‐‐29 April 2009)29 April 2009)

•• 3rd RD51 Collaboration Meeting (Kolympari, Crete, 3rd RD51 Collaboration Meeting (Kolympari, Crete, 
June 16June 16--17, 2009)17, 2009) and   and   MPGD2009 ConferenceMPGD2009 Conference

•• RD51 MiniRD51 Mini‐‐Week (CERN, September 23Week (CERN, September 23‐‐25, 2009)25, 2009)

•• 44thth RD51 Collaboration Meeting (CERN, Nov. 23RD51 Collaboration Meeting (CERN, Nov. 23--25, 2009)25, 2009)
3



C ll b i f 70 i iC ll b i f 70 i iCollaboration of ~70 institutes Collaboration of ~70 institutes 
worldwide, ~ 400 authorsworldwide, ~ 400 authors

“RD51 aims at facilitating the “RD51 aims at facilitating the 
development of advanceddevelopment of advanced
gasgas‐‐avalanche detector avalanche detector gg

technologies and associated technologies and associated 
electronicelectronic‐‐readout systems,readout systems,
for applications in basic andfor applications in basic andfor applications in basic and for applications in basic and 

applied research.”applied research.”
CoCo--Spokespersons: Spokespersons: L.Ropelewski, M.Titov L.Ropelewski, M.Titov 
CB Chair and Deputy: CB Chair and Deputy: S.Dalla Torre, A. White S.Dalla Torre, A. White 

Collaboration Meetings:Collaboration Meetings:

p yp y ,,
Management Board members: Management Board members: A.Breskin, I.Giomataris, A.Breskin, I.Giomataris, 
F.Sauli, H. Taureg, H. van der Graaf, A.WhiteF.Sauli, H. Taureg, H. van der Graaf, A.White

4

Collaboration Meetings:Collaboration Meetings:
11stst -- Amsterdam April 16Amsterdam April 16--18, 2008 : 18, 2008 : http://indico.cern.ch/conferenceDisplay.py?confId=25069http://indico.cern.ch/conferenceDisplay.py?confId=25069
22ndnd -- Paris, October 13Paris, October 13--15, 2008 : 15, 2008 : http://indico.cern.ch/conferenceDisplay.py?confId=35172http://indico.cern.ch/conferenceDisplay.py?confId=35172
33rdrd -- Crete (Greece), June 12Crete (Greece), June 12--16, 2009 : 16, 2009 : http://candia.inp.demokritos.gr/mpgd2009/http://candia.inp.demokritos.gr/mpgd2009/

444thth –– CERN, November 23CERN, November 23--25, 2009 : 25, 2009 : http://indicobeta.cern.ch/conferenceDisplay.py?confId=72610http://indicobeta.cern.ch/conferenceDisplay.py?confId=72610

Public Web Site: Public Web Site: http://rd51http://rd51--public.web.cern.ch/RD51public.web.cern.ch/RD51--PublicPublic



“Transverse organization” of MPGD activities in 7 Working Groups“Transverse organization” of MPGD activities in 7 Working GroupsTransverse organization  of MPGD activities in 7 Working GroupsTransverse organization  of MPGD activities in 7 Working Groups



RD51 CollaborationRD51 Collaboration
February 16February 16 20 2009 @ CERN: GEM and Micromegas20 2009 @ CERN: GEM and MicromegasFebruary 16February 16--20, 2009 @ CERN: GEM and Micromegas20, 2009 @ CERN: GEM and Micromegas

detector design and assembly training detector design and assembly training -- lecture session lecture session 

http://rd51http://rd51--public.web.cern.ch/RD51public.web.cern.ch/RD51--Public/Meetings/TrainingSessions.htmlPublic/Meetings/TrainingSessions.html



Novel Pixel System:Novel Pixel System:Novel Pixel System:Novel Pixel System:

σσ ~ 100 ~ 100 μμmm σσ < 10 < 10 μμmm

CAT, CAT, μμCAT, mGROOVE, …CAT, mGROOVE, …

Evolution is always driven by the physics requirements and experimental conditions Evolution is always driven by the physics requirements and experimental conditions 

TradeTrade--offs between readoffs between read--out, S/N, power, and segmentationout, S/N, power, and segmentation
(Often defined by state(Often defined by state--ofof--thethe--art in microelectronics or etching technology):art in microelectronics or etching technology):

•• Microelectronics Microelectronics –– eg. Silicon pixelseg. Silicon pixels
•• Bump bonding technology Bump bonding technology –– low capacitance connectionslow capacitance connections
•• Modern etching technology Modern etching technology –– eg. Micro pattern Gaseous Detectorseg. Micro pattern Gaseous Detectors



MWPCMWPCMWPCMWPC MSGCMSGC

Rate capability limit due to spaceRate capability limit due to space
charge overcome by increasedcharge overcome by increased100 100 μμmm charge  overcome by increased charge  overcome by increased 

amplifying cell granularityamplifying cell granularity

10 10 μμmm

anodeanode cathodecathodecathodecathode

Typical distance betweenTypical distance between
wires  limited to 1 mmwires  limited to 1 mm
due to mechanical anddue to mechanical and

Typical distanceTypical distance
between anodes  200 between anodes  200 μμmm
thanks to semiconductorthanks to semiconductor

electrostatic forceselectrostatic forces etching technologyetching technology

A. Oed, Nucl. Instr. and Meth. A263 (1988) 351.A. Oed, Nucl. Instr. and Meth. A263 (1988) 351.



EXCELLENT RATE CAPABILITY, SPATIAL AND MULTIEXCELLENT RATE CAPABILITY, SPATIAL AND MULTI--TRACK RESOLUTIONTRACK RESOLUTION

RATE CAPABILITY > 10RATE CAPABILITY > 1066/mm/mm22 ss
SPACE ACCURACY ~ 40 µm rmsSPACE ACCURACY ~ 40 µm rms
22--TRACK RESOLUTION ~ 400 µmTRACK RESOLUTION ~ 400 µm

θ

ENERGY RESOLUTION ~11% for 5 9 keVENERGY RESOLUTION ~11% for 5 9 keVENERGY RESOLUTION 11% for 5.9 keVENERGY RESOLUTION 11% for 5.9 keV
1.1

1.0

MSGC Surface resistivity !!Surface resistivity !!

0.9

la
tiv

e 
ga

in

V d= -1000V, V c= -564V
D263 uncoated

17 Ω/sq are0.8

0.7

R
e

V d= -3000V, V c= -460V
Pestov glass coating

ρbulk =10 10 Ωcm

ρbulk =10 11 Ωcm
Source: 5.4 KeV Cr X-rays
Ne-DME (50/50)

ρsurface =510 17 Ω/square

F. Van den Berg et al, NIMA A349 (1994) 438F. Van den Berg et al, NIMA A349 (1994) 438

0.6
6 7 8 9

0.1
2 3 4 5 6 7 8 9

1
2 3 4 5
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INFN - Pisa



Major processes leading at high rates toMajor processes leading at high rates toMajor processes leading at high rates to Major processes leading at high rates to 
MSGC operating instabilities:MSGC operating instabilities:

•• Substrate chargingSubstrate charging‐‐upup and timeand time‐‐dependent dependent g gg g pp pp
modification of the E modification of the E fieldfield
→ slightly conductive support→ slightly conductive support

Uncoated 
MSGC

“Conductive” MSGC

ON EXPOSURE TOON EXPOSURE TO
αα PARTICLESPARTICLES

•• Deposition of polymers (aging) Deposition of polymers (aging) 
validation of gases, materials, gas systemsvalidation of gases, materials, gas systems

•• Discharges under exposure to highly ionizing Discharges under exposure to highly ionizing 
particlesparticles

multistage amplificationmultistage amplification, resistive anodesresistive anodes

Induced discharges are intrinsic property of all single stage micropattern detectors Induced discharges are intrinsic property of all single stage micropattern detectors 
in hadronic beams (MSGC turned out to be prone to irreversible damages)in hadronic beams (MSGC turned out to be prone to irreversible damages)

A. Bressan et al, NIMA A424 (1999) 321A. Bressan et al, NIMA A424 (1999) 321..



Discharge is very fast (~ns)Discharge is very fast (~ns)
Difficult to predict or preventDifficult to predict or prevent

MICRODISCHARGESMICRODISCHARGESMICRODISCHARGESMICRODISCHARGES

Owing to very small distance between Owing to very small distance between 
anode and cathode the transition fromanode and cathode the transition fromanode and cathode the transition fromanode and cathode the transition from
proportional mode to streamer can beproportional mode to streamer can be

followed by spark, discharge, if thefollowed by spark, discharge, if the
avalanche size exceedsavalanche size exceeds

FULL BREAKDOWNFULL BREAKDOWN
RAETHER’S LIMIT RAETHER’S LIMIT 

Q ~ 10Q ~ 1077 –– 101088 electronselectrons
F. Sauli, http://www.cern.ch/GDDF. Sauli, http://www.cern.ch/GDD



Telescope ofTelescope of 32 MSGCs32 MSGCsTelescope of Telescope of 32 MSGCs32 MSGCs
tested at PSI in Nov99 tested at PSI in Nov99 
(CMS Milestone)(CMS Milestone)

HERAHERA--B Inner TrackerB Inner Tracker
MSGCMSGC--GEM detectorsGEM detectorsMSGCMSGC GEM detectorsGEM detectors
RRminmin ~ 6 cm ~ 6 cm 
⇒⇒ 101066 particles/cmparticles/cm22•sec•sec

300 mm pitch300 mm pitch
22184 chambers: max 25x25 cm184 chambers: max 25x25 cm22

~ 10 m~ 10 m22; 140.000 channels; 140.000 channels The D20 diffractometer MSGC The D20 diffractometer MSGC 
is working since Sept 2000is working since Sept 2000
1D localisation1D localisation
48 MSGC plates (8 cm x 15 cm)48 MSGC plates (8 cm x 15 cm)
Substrate: Schott S8900Substrate: Schott S8900
Angular coverage : 160Angular coverage : 160°° x 5,8x 5,8°°
P iti l ti 2 57 ( 0 1P iti l ti 2 57 ( 0 1°°))

DIRACDIRAC
4 l MSGC4 l MSGC GEMGEM Position resolution : 2.57 mm ( 0,1Position resolution : 2.57 mm ( 0,1°°))

5 cm gap; 1.2 bar CF4 + 2.8 bars 3He5 cm gap; 1.2 bar CF4 + 2.8 bars 3He
4 planes MSGC4 planes MSGC--GEMGEM
Planes 10x10 cmPlanes 10x10 cm22



MiMi•• MicromegasMicromegas

•• GEMGEM 0.18 0.18 μμm CMOS VLSIm CMOS VLSI

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

•• MPDG with CMOS pixel ASICsMPDG with CMOS pixel ASICs

•• Ingrid TechnologyIngrid Technology
CMOS high densityCMOS high density
readout electronicsreadout electronicsIngrid TechnologyIngrid Technology

IonsIons

readout electronicsreadout electronics

ElectronsElectrons

60 %

40 %

MicromegasMicromegas GEMGEM THGEMTHGEM MHSPMHSP IngridIngrid



Thin metalThin metal--coated polymer foil chemically pierced by a high density of holescoated polymer foil chemically pierced by a high density of holesThin metalThin metal coated polymer foil chemically pierced by a high density of holes  coated polymer foil chemically pierced by a high density of holes  
A difference of potentials of ~ 500V is A difference of potentials of ~ 500V is 

applied between the two GEM electrodes.applied between the two GEM electrodes.
I+

The primary electrons released by theThe primary electrons released by the

ionizing particle, drift towards the holesionizing particle, drift towards the holes

where the high electric field triggers the where the high electric field triggers the  Induction gapInduction gap

e-

electron multiplication process.electron multiplication process.
g pg p

e-

S1 S2 S3 S4

Electrons are collected on patterned readout board. Electrons are collected on patterned readout board. 

A fast signal can be detected on the lowerA fast signal can be detected on the lowerA fast signal can be detected on the lower A fast signal can be detected on the lower 
GEM electrode for triggering or energy discrimination. GEM electrode for triggering or energy discrimination. 

All readout electrodes are at ground potential.All readout electrodes are at ground potential.

F. Sauli, Nucl. Instrum. Methods A386(1997)531F. Sauli, Nucl. Instrum. Methods A386(1997)531
F. Sauli, http://www.cern.ch/GDDF. Sauli, http://www.cern.ch/GDD



T i l tT i l t
50 50 μμm Kaptonm Kapton
5 5 μμm Cu both sidesm Cu both sides

Typical geometry:Typical geometry:
5 µm Cu on 50 µm Kapton5 µm Cu on 50 µm Kapton

70 µm holes at 140 mm pitch70 µm holes at 140 mm pitch

Photoresist coating,Photoresist coating,
masking and masking and 
exposure to UV lightexposure to UV lightexposure to UV lightexposure to UV light

Metal chemical Metal chemical 
etchingetching

Kapton chemical Kapton chemical 
etchingetching

Second maskingSecond maskingSecond maskingSecond masking

Metal etching Metal etching 
and cleaningand cleaning

4/5/09

and cleaningand cleaning



Cascaded GEMs achieve larger gains and safer operation in harsh environmentsCascaded GEMs achieve larger gains and safer operation in harsh environmentsCascaded GEMs achieve larger gains and safer operation in harsh environmentsCascaded GEMs achieve larger gains and safer operation in harsh environments

TripleTriple

DRIFT

TripleTriple
GEMGEM

GEM 1

ED DRIFT

GEM 2

ET1 TRANSFER 1

GEM 2
ET2 TRANSFER 2

EI
READOUT

INDUCTION

HighHigh--rate capability > 10rate capability > 1055 Hz/mmHz/mm22;;
No spaceNo space--charge phenomenacharge phenomena Discharge probability with Discharge probability with αα -- particles: particles: 

Multiple GEM structure stronglyMultiple GEM structure strongly
reduces probability of reduces probability of 

dischargesdischarges

S. Bachmann et al, NIM A 479(2002)294S. Bachmann et al, NIM A 479(2002)294

gg



Efficiency ~ 99%Efficiency ~ 99%
for S/N > 20for S/N > 20

5.3 ns9.7 ns

Time Resolution  ~ 5 nsTime Resolution  ~ 5 ns

4.5 ns 4.8 ns

Spatial resolution ~ 40 Spatial resolution ~ 40 μμmm

Radiation Hardness > 7 mC/mmRadiation Hardness > 7 mC/mm22

A. Bressan et al, Nucl. Instr. and Meth. A425 (1999) 262A. Bressan et al, Nucl. Instr. and Meth. A425 (1999) 262
J. Benlloch et al, IEEE TNS 45(1998)234; C. Altunbas et al, Nucl. Instr. and Meth. A515 (2003) 358J. Benlloch et al, IEEE TNS 45(1998)234; C. Altunbas et al, Nucl. Instr. and Meth. A515 (2003) 358



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)
and readout stage (PCB, anode)and readout stage (PCB, anode)

Cartesian Cartesian 
Compass, LHCbCompass, LHCb

Small angleSmall angleSmall angleSmall angle

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

Hexaboard, padsHexaboard, pads
MICEMICE

33 cm

Mi dMi dMixedMixed
TotemTotem

CompassCompass TotemTotem NA49NA49--futurefuture



Micromesh Gaseous Chamber: a Micromesh Gaseous Chamber: a 
micromesh supported by 50micromesh supported by 50‐‐100 100 μμmm
insulating pillarsinsulating pillars

Multiplication (up to 10Multiplication (up to 1055 or more) or more) 
takes place between the anode andtakes place between the anode andtakes place between the anode andtakes place between the anode and
the mesh and the charge is collectedthe mesh and the charge is collected
on the anode (one stage)on the anode (one stage)

Small gap: fast collection of  ionsSmall gap: fast collection of  ions

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



The micro mesh consist of 18um μm thick stainless steel 400 Lpi woven microstrings. This micro meshThe micro mesh consist of 18um μm thick stainless steel 400 Lpi woven microstrings. This micro mesh
i   b dd d b t  t   h t i bl   l  l   ith    i   i i  (t  d fi  th  i   b dd d b t  t   h t i bl   l  l   ith    i   i i  (t  d fi  th  

Read-out board 
4 layers PCB

is embedded between two photoimageable coverlay layers with a micron precision (to define the is embedded between two photoimageable coverlay layers with a micron precision (to define the 
amplification region)amplification region)

Laminated Laminated 
photoimageable photoimageable 
coverlaycoverlaycoverlaycoverlay

Frame
Stainless steelStainless steel
mesh on framemesh on frameFrame

Laminated Laminated 
photoimageable photoimageable 
coverlaycoverlay

Exposure  +Exposure  +
developmentdevelopment
+ cure + cut+ cure + cut

Easy manufacturing  Easy manufacturing  -- Large size compatible  Large size compatible  -- Low costLow cost
Robust and electrically testable at the production timeRobust and electrically testable at the production time

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



Small gapSmall gap good energy resolutiongood energy resolution Excellent Gain StabilityExcellent Gain Stability

6 months6 months6 months6 months

ageing:Arageing:Ar‐‐iCiC44HH10  10  9494‐‐6%  up to 24.3mC/mm6%  up to 24.3mC/mm22G. Charpak et al., NIMA478 (2002) 26G. Charpak et al., NIMA478 (2002) 26

Spatial Spatial 10 years LHC

1

0.8

0.6
resolution  resolution  
σσ ~ 12 ~ 12 μμmm

10 years LHC
0.4

0.2 Radiation Hardness > 20 mC/mmRadiation Hardness > 20 mC/mm22

J. Derre et al, NIM A459 (2001) 523J. Derre et al, NIM A459 (2001) 523
G. Puill et al., IEEE Trans. Nucl. Sci. V.46(6), 1894 (1999)G. Puill et al., IEEE Trans. Nucl. Sci. V.46(6), 1894 (1999)
J. Derre et al., NIM A449 (2000) 314J. Derre et al., NIM A449 (2000) 314



Parallel plate multiplication in thin gapsParallel plate multiplication in thin gaps CAST d tCAST d t

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

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 readout:CAST readout:

“Bulk” Micromegas:“Bulk” Micromegas:
•• Discharges are not destructiveDischarges are not destructive

•• Dead time during chargeDead time during charge--upupDead time during chargeDead time during charge upup

•• Different spark reduction options under study Different spark reduction options under study 
(resistive coating, double step amplification)(resistive coating, double step amplification)

Piccolo MicromegasPiccolo Micromegas
in Casaccia Reactorin Casaccia Reactor

T2K Micromegas:T2K Micromegas:



2222 TRIPLE GEM DETECTORSTRIPLE GEM DETECTORS
High Rate Forward spectrometer:High Rate Forward spectrometer:

MICROMEGAS:MICROMEGAS:GEM:GEM:

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

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

g pg p
COMPASS beam ~ 5* 10COMPASS beam ~ 5* 107 7 muons/s  on muons/s  on 66LiD targetLiD target

(40 40 cm(40 40 cm ))

High Rate /High Rate /
High Precision / High Precision / 

L M D t tL M D t t

25 kHz/mm25 kHz/mm22

Low Mass Detectors:Low Mass Detectors:

UNIFORMITYUNIFORMITY
OFOF

TRACKINGTRACKING
EFFICIENCY:EFFICIENCY:

GEM:GEM: MICROMEGAS:MICROMEGAS:

RELIABLERELIABLE

EFFICIENCY:EFFICIENCY:
((εε > 95 %)> 95 %)

RELIABLE RELIABLE 
OPERATIONOPERATION

in 2002 in 2002 –– 20062006

NO SIGN NO SIGN 
OF AGINGOF AGING F. Kunne, 2006 IEEE NSS/MIC Conference Record F. Kunne, 2006 IEEE NSS/MIC Conference Record 

D. Neyret, arXiv: 0909.5402D. Neyret, arXiv: 0909.5402
B. Ketzer et al, NIM A535 (2004) 314B. Ketzer et al, NIM A535 (2004) 314



GEMs are used in the TOTEM (tracking and triggering) and LHCb Muon (triggering)GEMs are used in the TOTEM (tracking and triggering) and LHCb Muon (triggering)GEMs are used in the TOTEM (tracking and triggering) and LHCb Muon (triggering)GEMs are used in the TOTEM (tracking and triggering) and LHCb Muon (triggering)
LHCb Muon Trigger:LHCb Muon Trigger:
(12 double TGEM detectors)(12 double TGEM detectors)

VFAT HybridsCoincidence

TOTEM GEMs:TOTEM GEMs:

2D readout2D readout
Rate Rate ‐‐ 5 kHz mm5 kHz mm‐‐22

Time resolution 4.5 ns rmsTime resolution 4.5 ns rms
Radiation hard up to integrated charge Radiation hard up to integrated charge 

( )( )
GEM

11thCard
Chips 2D readout2D readout

(strips & pads)(strips & pads)

of 20 mC mmof 20 mC mm‐‐2 (15 LHCb years)2 (15 LHCb years)

20x24 cm2 GEM modules
Horse ShoeS
Card

Electronics coolingHV cables

Pad readout plane

M. Alfonsi et al, NIM A535(2004)319 M. Alfonsi et al, NIM A535(2004)319 S. Lami, 2009 IEEE NSS/MIC Conference Record.S. Lami, 2009 IEEE NSS/MIC Conference Record.



72 bulk72 bulk‐‐Micromegas Micromegas 
(34 * 36 cm(34 * 36 cm22) for 3 TPCs) for 3 TPCs

T2K TPC:T2K TPC: CAST (MicroCAST (Micro--Bulk Technology):Bulk Technology):

(34 * 36 cm(34 * 36 cm22) for 3 TPCs) for 3 TPCs

9 m9 m22 of bulk Micromegasof bulk Micromegas
124272 FEE channels124272 FEE channels124272 FEE channels124272 FEE channels
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MicroMicro--Bulk Technology:Bulk Technology:

Entries  210428

Constant  3.862

Mean      5.682
Sigma     0.2776

Energy [keV]
0 2 4 6 8 10

]
-1

 k
eV

-2
 c

m
-1

dN
/d

E
  [

s
0

0.5

1

1.5

2

2.5

3

3.5

4
Entries  210428

Constant  3.862

Mean      5.682
Sigma     0.2776

X-Energy
0 500 1000 1500 2000 2500 3000

Y
-E

ne
rg

y

0

500

1000

1500

2000

2500

3000

Entries  184838

Integral   1.848e+05

0

20

40

60

80

100

120

Entries  184838

Integral   1.848e+05
E1_vs_E2_run_111027

Micromesh

gygy
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5555Fe with Ar Fe with Ar –– 5% 5% 
iC4H10 @ 1 bariC4H10 @ 1 bar

FWHM @ 6 keV = 11.5FWHM @ 6 keV = 11.5 %
Readout plane + mesh all in one

Micromesh
5µm copper

Kapton 50 µm
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Constant  3.862
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Readout pads

Lower capacitance
Under development

T. Papaevangelou et al., Proc. of the MPGD Conference, Crete, June 2009T. Papaevangelou et al., Proc. of the MPGD Conference, Crete, June 2009
S. Anvar et al, NIM A602 (2009) 415S. Anvar et al, NIM A602 (2009) 415
J. Beucher et al., Proc. of the MPGD Conference, Crete, June 2009J. Beucher et al., Proc. of the MPGD Conference, Crete, June 2009



HBD in the heart of the PHENIX HBD in the heart of the PHENIX 11stst Windowless Cherenkov Detector  Windowless Cherenkov Detector  

Triple GEMTriple GEM
DetectorsDetectors

(5 cm < R < 55 cm):(5 cm < R < 55 cm): •• CFCF44 as radiator and detector gas:as radiator and detector gas:
(n(nCF4CF4 =1.000620, L=1.000620, LRADIATORRADIATOR = 50 cm)= 50 cm)

P i it f d fi tiP i it f d fi ti

55 cmee--
ee++

θθ

CF4CF4
RadiatorRadiator

•• Proximity focused configuration:Proximity focused configuration:

Cherenkov photons form blobs:Cherenkov photons form blobs:
QQ = cos= cos--11(1/n) 36 mrad;(1/n) 36 mrad;

5 cm
θθ

Dilepton PairDilepton Pair
Opening Opening 
AngleAngle Primary ionization is suppressed at EPrimary ionization is suppressed at EDD < 0,< 0,

QQmaxmax= cos= cos--11(1/n) ~ 36 mrad; (1/n) ~ 36 mrad; 
RRBLOBBLOB ~ 1.8 cm~ 1.8 cm

MESHMESH

DD
photophoto--ee-- collection efficiency is preservedcollection efficiency is preserved

33--GEM + CsI reflective photocathodeGEM + CsI reflective photocathode
with pad readout ( ~ 2*2 cm2)with pad readout ( ~ 2*2 cm2)

MESHMESH

CsICsIee--

PrimaryPrimary
ionizationionizationED < 0

ee
GEM

READOUT PADSREADOUT PADS C. Woody et al., 2009 IEEE NSS/MIC Conference Record;C. Woody et al., 2009 IEEE NSS/MIC Conference Record;
R. Chechik, A .Breskin, NIMA595 (2008)116R. Chechik, A .Breskin, NIMA595 (2008)116



Simple & Robust Simple & Robust Manufactured by standard PCB techniques Manufactured by standard PCB techniques 

STANDARD GEMSTANDARD GEM
101033 GAIN IN SINGLE GEMGAIN IN SINGLE GEM

THGEMTHGEM
101055 i i i li i i l THGEMTHGEM

pp y qy q
of precise drilling in Gof precise drilling in G--10 (and other materials) and Cu etching10 (and other materials) and Cu etching

Other groups developedOther groups developed101033 GAIN IN SINGLE GEMGAIN IN SINGLE GEM 101055 gain in singlegain in single--THGEMTHGEM Other groups developedOther groups developed
similar holesimilar hole--multipliers:multipliers:

-- Optimized GEM: Optimized GEM: 
L Periale et alL Periale et al1 mm1 mm

0.1 mm rim0.1 mm rim
t tt t

L. Periale et al., L. Periale et al., 
NIM A478 (2002) 377.NIM A478 (2002) 377.

-- LEM:LEM: P. Jeanneret, P. Jeanneret, 
PhD thesis 2001PhD thesis 2001to preventto prevent

dischargesdischarges
-- PhD thesis, 2001.PhD thesis, 2001.

C. Shalem et al, NIMA558 (2006) 475; C. Shalem et al, NIMA558 (2006) 475; Double THGEM or THGEM/MicromegasDouble THGEM or THGEM/Micromegas

1,0E+04

1,0E+05

1,0E+06

1,0E+07•• Effective Effective singlesingle--electronelectron detectiondetection
(high gas gain (high gas gain ~10~1055 (>10(>1066) @) @
single (doublesingle (double) THGEM)) THGEM)

101066

1,0E+00

1,0E+01

1,0E+02

1,0E+03
G

ai
n

MM = 330 NeCF4 10%MM = 330 NeCF4 10%
MM = 290 NeCF4 5%MM = 290 NeCF4 5%
DTHGEM NeCF4 10%DTHGEM NeCF4 10%

•• FewFew--nsns RMS time resolutionRMS time resolution
•• SubSub--mmmm position resolutionposition resolution
•• MHz/mmMHz/mm22 rate capabilityrate capability

C i ti OKC i ti OK
1,0E-02

1,0E-01

0 200 400 600 800 1000
ΔV THGEM (V)

DTHGEM NeCF4 10%DTHGEM NeCF4 10%
DTHGEM NeCF4 5%DTHGEM NeCF4 5%•• Cryogenic operation: OKCryogenic operation: OK

•• GasGas: : molecular and noble gasesmolecular and noble gases
•• Pressure: Pressure: 1mbar 1mbar -- few barfew bar

C. Azevedo et al.;  arXiv: 0909.3191C. Azevedo et al.;  arXiv: 0909.3191



Several advantages of using THGEM / RETGEM for RICH Applications:Several advantages of using THGEM / RETGEM for RICH Applications:g gg g
Reflective CsI PCReflective CsI PC

0.3 mm

0 4 mm

•• Very high and stable gains Very high and stable gains (>10(>1055) can achieved  with) can achieved  with
THGEMs in several gases (e.g. NeTHGEMs in several gases (e.g. Ne--based mixtures)based mixtures)

Thick GEM (THGEM):Thick GEM (THGEM):

0.7 mm

0.4  mm THGEMs in several gases (e.g. NeTHGEMs in several gases (e.g. Ne based mixtures)  based mixtures)  

•• THGEM can operate in badly quenched gases THGEM can operate in badly quenched gases 
as well as  in gases in which are strong UVas well as  in gases in which are strong UVThick GEM (THGEM):Thick GEM (THGEM): g gg g

emitters  emitters  possibility of using possibility of using windowless windowless 
detectors detectors for some RICH designs for some RICH designs 

•• THGEMs can operate in THGEMs can operate in “hadron blind mode” “hadron blind mode” 
with reversed electric field in the drift region with reversed electric field in the drift region 

suppress ionization signal from charged particlessuppress ionization signal from charged particles

Resistive GEMResistive GEM
(RETGEM):(RETGEM): Potential to develop gaseous photomultipliersPotential to develop gaseous photomultipliers

for visible spectral rangefor visible spectral rangefor visible spectral rangefor visible spectral range
((Wider bandwidth Wider bandwidth figure of merit Nfigure of merit N00, Smaller , Smaller 

chromatic aberration, larger choice of radiators) chromatic aberration, larger choice of radiators) ––

A.A. Lyashenko at al.,  Lyashenko at al.,  JINST 4:P07005,2009JINST 4:P07005,2009;;
R. Chechik, A .Breskin, NIMA595 (2008)116;R. Chechik, A .Breskin, NIMA595 (2008)116;

V. Peskov, RD51 Collab. Meet., Nov.23V. Peskov, RD51 Collab. Meet., Nov.23--25, 2009, WG2  Meeting25, 2009, WG2  Meeting



Single PESingle PE
PE efficiencyPE efficiency
extractionextraction
into the gasinto the gas

Single PESingle PE
collection efficiencycollection efficiency
into THGEM holes:into THGEM holes:

vs vacuum:vs vacuum:

Azevedo et al.,Azevedo et al., arXiv:0909.5357 arXiv:0909.5357 



Gas Detector Readout by multiGas Detector Readout by multi pixel CMOS arraypixel CMOS array (used as charge collecting anode)(used as charge collecting anode)Gas Detector Readout by multiGas Detector Readout by multi--pixel CMOS array pixel CMOS array (used as charge collecting anode)(used as charge collecting anode)
CMOS readout concept  CMOS readout concept  Analog VLSI ASIC (Pisa), MEDIPIX2 / TIMEPIX ChipsAnalog VLSI ASIC (Pisa), MEDIPIX2 / TIMEPIX Chips

Medipix2/Medipix2/
XX--ray sourceray source

Solid detectorSolid detector Gas Gas 

detectordetector
Medipix2/Medipix2/

TimePix chipTimePix chip IonizingIonizing

particleparticle

+
-

pp

FlipFlip--chip chip 
SemiconductorSemiconductor

sensorsensor

Gas volumeGas volume

FlipFlip chip chip 
bump bondingbump bonding
connectionsconnections

+Amplification System (MPGD)Amplification System (MPGD)

VLSI ASIC (Pisa)VLSI ASIC (Pisa) Medipix2/TimepixMedipix2/Timepix

E .Costa et al., Nature 411 (2001) 662E .Costa et al., Nature 411 (2001) 662
R. Bellazzini et al., NIMA535 (2004) 477R. Bellazzini et al., NIMA535 (2004) 477
M. Campbell et al, NIMA540(2005) 295M. Campbell et al, NIMA540(2005) 295

-



InGrid integrate Micromegas & pi el chipInGrid integrate Micromegas & pi el chipInGrid: integrate Micromegas & pixel chipInGrid: integrate Micromegas & pixel chip
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 EUV E Pattern AlPattern AlUV ExposureUV Exposure

Micromegas/Ingrid + SiProt + Timepix Detector:Micromegas/Ingrid + SiProt + Timepix Detector:
A l Si3N4 (hi hA l Si3N4 (hi hApply Si3N4 (highApply Si3N4 (high

resistivity layer 3resistivity layer 3--20 20 μμm)m)

for discharge quenchfor discharge quench

Micromegas / InGridMicromegas / InGrid

g qg q
& SPARK& SPARK

PROTECTIONPROTECTION

before InGridbefore InGrid
SiProt LayerSiProt Layer

before InGridbefore InGrid
productionproduction

M. Chefdeville et al, NIMA556(2006) 490M. Chefdeville et al, NIMA556(2006) 490



Triple GEM + Timepix:Triple GEM + Timepix:
Electronic Electronic 

Bubble ChamberBubble Chamber

Triple GEM + Timepix:Triple GEM + Timepix:

5 Gev5 Gev
Operated inOperated in
h kh k b db dcheckerchecker--boardboard

pattern ofpattern of
TOT (charge)TOT (charge)

and TIMEand TIMEand TIMEand TIME
(time)(time)

M Titov Nucl Instr and Meth A581 (2007) 25M Titov Nucl Instr and Meth A581 (2007) 25M. Titov, Nucl. Instr. and Meth. A581 (2007) 25.M. Titov, Nucl. Instr. and Meth. A581 (2007) 25.
Micromegas/ Ingrid + Timepix:Micromegas/ Ingrid + Timepix: <Nhits> per track vs Si3N4 layer<Nhits> per track vs Si3N4 layer

thickness:thickness:Studies of SiProtStudies of SiProt
layer thicknesslayer thicknesslayer thickness layer thickness 

(efficiency & discharges):(efficiency & discharges):

TIMETIMETIMETIME

Y. Bilevych et al., 2009 IEEE NSS/MIC Conference Record.Y. Bilevych et al., 2009 IEEE NSS/MIC Conference Record.



μμTPC with a 6 cm height field cageTPC with a 6 cm height field cage Observe electrons (~220) from anObserve electrons (~220) from anμμTPC with a 6 cm height field cageTPC with a 6 cm height field cage
Size: 4 cm x 5 cm x 8 cmSize: 4 cm x 5 cm x 8 cm

Observe electrons ( 220) from an Observe electrons ( 220) from an 
XX--ray (5.9 keV) conversion one by one and ray (5.9 keV) conversion one by one and 

count them count them 

cmcm

Study single electron responseStudy single electron response

6 
c

6 
c

~ 1.5 cm~ 1.5 cm 1.5 cm 1.5 cm

Cluster sizeCluster size
(~ 220 electrons)(~ 220 electrons)

FeFe5555FeFe
sourcesource

P. Colas, RD51 Collab. Meet., Jun.16P. Colas, RD51 Collab. Meet., Jun.16--17, 2009, WG2 Meeting17, 2009, WG2 Meeting



•• Strong electric field (70Strong electric field (70 –– 100 kV/cm) over the Si100 kV/cm) over the Si--pixel chippixel chip•• Strong electric field (70 Strong electric field (70 –– 100 kV/cm) over the Si100 kV/cm) over the Si--pixel chippixel chip

•• Provoke discharges by introducing small amount of Thorium in the Ar gasProvoke discharges by introducing small amount of Thorium in the Ar gas
-- Thorium decays to Radon 222 which emits 2 alphas of 6.3 & 6.8 MeV (~ 10Thorium decays to Radon 222 which emits 2 alphas of 6.3 & 6.8 MeV (~ 1055 e)e)Thorium decays to Radon 222 which emits 2 alphas of 6.3 & 6.8 MeV (  10Thorium decays to Radon 222 which emits 2 alphas of 6.3 & 6.8 MeV (  10 e)e)

•• RoundRound--shape imagesshape images
of discharges are of discharges are 
being recorded being recorded gg

•• Perturbations in thePerturbations in the
concerned columnsconcerned columns

-- Threshold ?Threshold ?
-- Power ?Power ?

Chip keepsChip keeps
working !working !

M. Fransen, RD51 Collab. Meet., Oct.13M. Fransen, RD51 Collab. Meet., Oct.13--15, 2008, WG2 Meeting15, 2008, WG2 Meeting



MICROMEGAS (InGrid)MICROMEGAS (InGrid) h th tMICROMEGAS (InGrid)MICROMEGAS (InGrid)
covered with CsIcovered with CsI

photonphoton

CsI PCCsI PC Ingrid without CsIIngrid without CsI

UV absorbed UV absorbed 
by theby the

fi ifi ifingerprintfingerprint
on the window on the window 

M. Fransen, RD51 MiniM. Fransen, RD51 Mini--Week, Sep. 23Week, Sep. 23--25, 2009, WG2 Meeting25, 2009, WG2 Meeting

TIMEPIX:TIMEPIX:
Ingrid with CsI PC:Ingrid with CsI PC:

M. Fransen, RD51 MiniM. Fransen, RD51 Mini Week, Sep. 23Week, Sep. 23 25, 2009, WG2 Meeting25, 2009, WG2 Meeting

Ingrid with CsI PC:Ingrid with CsI PC:

2D UV Image 2D UV Image 
of a 10mmof a 10mmof a 10mmof a 10mm

diameter mask  diameter mask  

Chip area: 14x14mmChip area: 14x14mm22..
(256(256××256 pixels of 55256 pixels of 55××55 μm55 μm22))
Chip area: 14x14mmChip area: 14x14mm22..
(256(256××256 pixels of 55256 pixels of 55××55 μm55 μm22)) A. Breskin, RD51 Collab. Meet., Nov.25, 2009, RD51 PlenaryA. Breskin, RD51 Collab. Meet., Nov.25, 2009, RD51 Plenary



GEM THGEM

•• Rate CapabilityRate Capability

•• High GainHigh Gain
GEMGEM THGEMTHGEM

2x102x1066 Hz/mmHz/mm22
•• Space ResolutionSpace Resolution

•• Time ResolutionTime Resolution

•• Energy ResolutionEnergy Resolution

•• Ageing PropertiesAgeing Properties MicromegasMicromegas GEMGEMAgeing PropertiesAgeing Properties

•• Ion Backflow ReductionIon Backflow Reduction

Ph t F db k R d tiPh t F db k R d ti

Spatial Spatial 
resolution  resolution  
σ σ ~ 12~ 12 μμmm

Ar/CO2/CF4 Ar/CO2/CF4 
(45/15/40)(45/15/40)
rms = 4.5nsrms = 4.5ns•• Photon Feedback ReductionPhoton Feedback Reduction σ σ  12  12 μμmm rms  4.5nsrms  4.5ns

MicromegasMicromegas MicromegasMicromegas
10-1

Edrift=0.2kV/cm

 MHSPMHSP

gg

10-4

10-3

10-2

F-R-MHSP/GEM/MHSP

 IB
F

102 103 10410-5

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

Ar/CH4 (95/5), 760 Torr

Total gain 



Advance Technological Developments of MicroAdvance Technological Developments of Micro Pattern Gas DetectorsPattern Gas DetectorsAdvance Technological Developments of MicroAdvance Technological Developments of Micro--Pattern Gas DetectorsPattern Gas Detectors



Consolidation around common projects: large area MPGD R&D,  CERN/MPGDConsolidation around common projects: large area MPGD R&D,  CERN/MPGD
Production Facility, electronics developments, software tools, beam testsProduction Facility, electronics developments, software tools, beam tests

WG1:WG1: large area Micromegas, GEM; THGEM R&D; resistive anode readout; design large area Micromegas, GEM; THGEM R&D; resistive anode readout; design 
optimization (discharge protection)optimization (discharge protection)

WG2:WG2: singlesingle‐‐electron response, avalanche fluctuations, photo detection with THGEM, electron response, avalanche fluctuations, photo detection with THGEM, 
GOSSIP/Ingrid (radiation tolerance, discharge protection, rate effects)GOSSIP/Ingrid (radiation tolerance, discharge protection, rate effects)

WG3:WG3: applications beyond HEP, industrial applications (Xapplications beyond HEP, industrial applications (X‐‐ray diffraction, homeland security)ray diffraction, homeland security)

WG4:WG4: microtracking; neBEM field solver electroluminescence simulation tool Penningmicrotracking; neBEM field solver electroluminescence simulation tool PenningWG4:WG4: microtracking;  neBEM field solver, electroluminescence simulation tool, Penning microtracking;  neBEM field solver, electroluminescence simulation tool, Penning 
transfers, GEM charging up; MM transparency and signaltransfers, GEM charging up; MM transparency and signal

WG5:WG5: scalable readout system; Timepix multiscalable readout system; Timepix multi‐‐chip MPGD readoutchip MPGD readoutWG5:WG5: scalable readout system; Timepix multiscalable readout system; Timepix multi chip MPGD readoutchip MPGD readout

WG6:WG6: CERN MPGD Production Facility; TT NetworkCERN MPGD Production Facility; TT Network

WG7:WG7: RD51 test beam facility (November 2009 RD51 test beam facility (November 2009 ‐‐ 8 groups/5 setups)8 groups/5 setups)

38



Objective: Detector design optimization, development of new multiplier geometries Objective: Detector design optimization, development of new multiplier geometries j g p p p gj g p p p g
and techniques.and techniques.

•• Development of Large Area MPGD (production of demonstrators)Development of Large Area MPGD (production of demonstrators)

Bulk MicromegasBulk Micromegas

NEW NEW -- Single mask GEMSingle mask GEM
THGEMTHGEM



New single mask technology:New single mask technology:
Development and evaluation Development and evaluation 

With small prototypesWith small prototypesWith small prototypesWith small prototypes

GEM foils splicingGEM foils splicing
T h l d l tT h l d l tTechnology developmentTechnology development

and toolsand tools

TWOTWO SECTORS TRIPLESECTORS TRIPLE GEMGEM

60 cm

TWOTWO--SECTORS TRIPLESECTORS TRIPLE--GEM GEM 
PROTOTYPE FOR PROTOTYPE FOR 

TOTEM T1 UPGRADE TOTEM T1 UPGRADE 
(60x60 cm(60x60 cm22) ) (60 60 c(60 60 c ))



sLHC ATLAS Muon UpgradesLHC ATLAS Muon UpgradesLHC ATLAS Muon UpgradesLHC ATLAS Muon Upgrade
(MAMMA Collaboration):(MAMMA Collaboration):

On the road to large area detectors: On the road to large area detectors: O t e oad to a ge a ea detecto sO t e oad to a ge a ea detecto s
(1.5 * 0.5 m(1.5 * 0.5 m22) ) -- Half the final sizeHalf the final size

Segmented mesh, Segmented mesh, 
250 and 500 μm strip pitches, 250 and 500 μm strip pitches, 
Longer strips (350 & 850 Longer strips (350 & 850 μμm)m)

Prototype design for ATLASPrototype design for ATLASPrototype design for ATLASPrototype design for ATLAS
Muon Re1/1 Station:Muon Re1/1 Station:

Study of resistive coatings forStudy of resistive coatings for
spark protection (smaller prototypes)spark protection (smaller prototypes)spark protection (smaller prototypes)spark protection (smaller prototypes)

Uniformity, robustness, easy fabrication.Uniformity, robustness, easy fabrication.
small dead regions small dead regions 

& “Full path of industrial production”& “Full path of industrial production”



TechnologyTechnology
DevelopmentDevelopment
& Prototype& Prototype
ConstructionConstruction

300x300mm300x300mm22 THGEMTHGEM
90,000  0.5mm diameter holes90,000  0.5mm diameter holes

600x600mm600x600mm22 THGEMTHGEM
600,000  0.4mm diameter holes600,000  0.4mm diameter holes

ConstructionConstruction

(Print Electronics, IL)(Print Electronics, IL) (Eltos, IT)(Eltos, IT)

WEIZMANNWEIZMANN TRIESTETRIESTE

LargeLarge--Area DetectorsArea Detectors possible (ns, subpossible (ns, sub--mm, MHz/mmmm, MHz/mm22))
Status: so far only “mechanical” electrodesStatus: so far only “mechanical” electrodes



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

Ion Back Flow (IBF) Achievements with MHSP and COBRAIon Back Flow (IBF) Achievements with MHSP and COBRA
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Total Gain
IBF 1000 x lower than with GEMsIBF 1000 x lower than with GEMs

At the expense of ECE (20%)At the expense of ECE (20%)

102 103 104 10510-5 4

Total gain 
A.A. Lyashenko et al., NIMA 598(2008)116 and arXiv: 0706.3606Lyashenko et al., NIMA 598(2008)116 and arXiv: 0706.3606
J. Veloso et al., J. Veloso et al., Proc. of the MPGD Conference, Crete, June 2009Proc. of the MPGD Conference, Crete, June 2009
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At the expense of ECE (20%)At the expense of ECE (20%)
C. Azevedo et al. RD51 Collab. Meet., Nov.23C. Azevedo et al. RD51 Collab. Meet., Nov.23--25, 2009, WG1 Meeting25, 2009, WG1 Meeting

V. Peskov, P.  Fonte, Research on Discharges in MPGD and what is V. Peskov, P.  Fonte, Research on Discharges in MPGD and what is 
important to study in the framework of RD51,important to study in the framework of RD51, arXiv: 0911.0463, RD51 NotearXiv: 0911.0463, RD51 Note--20092009--004 004 



Choice of geometry (charging up, gain stability, maximum gain):Choice of geometry (charging up, gain stability, maximum gain):g y ( g g g y g )g y ( g g g y g )

Mask etching + drilling; rim = 0.1mmMask etching + drilling; rim = 0.1mm Drilling + chemical rim etching without maskDrilling + chemical rim etching without mask

Holes with no rim: best stability Holes with no rim: best stability (minimal charging up); (minimal charging up); yy ( g g p);( g g p);
But:But: nono--rim results in rim results in 1010--100 times lower maximum gain100 times lower maximum gain pitch = 1 mm;pitch = 1 mm;

diameter = 0.5 mm; diameter = 0.5 mm; 

6 keV X6 keV X--rayray

A. Breskin et al., NIMA 598 (2009) 107; A. Breskin et al., NIMA 598 (2009) 107; F. Tessarotto et al., Proc. of the MPGD Conference, Crete, June 2009F. Tessarotto et al., Proc. of the MPGD Conference, Crete, June 2009



3THGEM Detector is proposed for3THGEM Detector is proposed for
Very High Momentum Particle Identification Very High Momentum Particle Identification 

Detector (VHMPID) for ALICEDetector (VHMPID) for ALICE

BeamBeamPhotonsPhotons eaeaoto soto s

MIP regionMIP regionMIP region MIP region 

P. Martinengo, V. Peskov, RD51 Collab. Meet., Nov.24, 2009, WG2 MeetingP. Martinengo, V. Peskov, RD51 Collab. Meet., Nov.24, 2009, WG2 Meeting



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

•• MPGD based detectors for tracking and triggering (including Muon Systems).MPGD based detectors for tracking and triggering (including Muon Systems).
•• MPGD based Photon Detectors (e.g. for RICH).MPGD based Photon Detectors (e.g. for RICH).
•• Applications of MPGD based detectors in CalorimetryApplications of MPGD based detectors in CalorimetryApplications area will benefit from the technologicalApplications area will benefit from the technologicalApplications of MPGD based detectors in Calorimetry.Applications of MPGD based detectors in Calorimetry.
•• Cryogenic Detectors for rare events searches.Cryogenic Detectors for rare events searches.
•• XX--ray and neutron imaging.ray and neutron imaging.
•• Astroparticle physics applications.Astroparticle physics applications.

Applications area will benefit from the technological Applications area will benefit from the technological 
developments proposed by the Collaboration; however the developments proposed by the Collaboration; however the 
responsibility for the completion of the application projects responsibility for the completion of the application projects 

lies with the institutes themselves.lies with the institutes themselves.
•• Medical applications.Medical applications.
•• Synchrotron Radiation, Plasma Diagnostics and Homeland Security applications.Synchrotron Radiation, Plasma Diagnostics and Homeland Security applications.

TrackingTracking TPC readout TPC readout UV photon detection UV photon detection Neutron detectionNeutron detection



Micromegas TPC              Micromegas TPC              (Large Prototype Tests in 2009)(Large Prototype Tests in 2009) GEM TPCGEM TPCgg ( g yp )( g yp )

T. Matsuda, Proc. of the MPGD Conf, Crete, June 2009T. Matsuda, Proc. of the MPGD Conf, Crete, June 2009
G.G. W.W. P.P. DeDe Lentdecker,Lentdecker, 2009 IEEE NSS/MIC Conf. Rec.2009 IEEE NSS/MIC Conf. Rec.

M. Dixit, Proc. of the MPGD Conf., Crete, June 2009M. Dixit, Proc. of the MPGD Conf., Crete, June 2009
D. Attie,D. Attie, Proc. of the MPGD Conf., Crete, June 2009Proc. of the MPGD Conf., Crete, June 2009



GEMGEM based Digital HCAL:based Digital HCAL:Micromegas DHCAL:Micromegas DHCAL: GEMGEM--based Digital HCAL:based Digital HCAL:Micromegas DHCAL:Micromegas DHCAL:
•• Analog readout prototypes for Analog readout prototypes for 

characterization (GASSIPLEX chips)characterization (GASSIPLEX chips)
•• Digital readout prototypes withDigital readout prototypes with•• Digital readout prototypes with Digital readout prototypes with 

embedded electronics (HARDROC/DIRAC)embedded electronics (HARDROC/DIRAC)

Construction of 1m * 1m unit detector:Construction of 1m * 1m unit detector:

Bulk 6x16 cm2

J. Yu,J. Yu, 2009 IEEE NSS/MIC Conference Record2009 IEEE NSS/MIC Conference RecordC. Adloff et al., Proc. of the MPGD Conf., Crete, June 2009C. Adloff et al., Proc. of the MPGD Conf., Crete, June 2009

GASSIPLEX



Production of GEM foilsProduction of GEM foils –– collaborative effort of Techcollaborative effort of Tech--Etch with BNL MIT and YaleEtch with BNL MIT and Yale
CCD surface scanner to assess GEM foil qualityCCD surface scanner to assess GEM foil quality

Production of GEM foils Production of GEM foils –– collaborative effort of Techcollaborative effort of Tech--Etch with BNL, MIT and Yale Etch with BNL, MIT and Yale 

CERN foilCERN foil
(inner hole diameter)(inner hole diameter)

TechTech--EtchEtch
(inner hole diameter)(inner hole diameter)

Systematic Systematic 
TechTech--Etch and Etch and 
CERN GEM foilCERN GEM foilCERN GEM foilCERN GEM foil

comparison:comparison:

Blue Blue –– 6 6 μμm m 
b lb lbelow averagebelow average

Red Red –– 6 6 μμm m 
above averageabove averageabove averageabove average

B. Surrow et al., Proc. of the MPGD Conf., Crete, June 2009B. Surrow et al., Proc. of the MPGD Conf., Crete, June 2009
D. K. Hasell, RD51 Collab. Meet., Nov.23D. K. Hasell, RD51 Collab. Meet., Nov.23--25, 2009, WG1 Meeting25, 2009, WG1 Meeting



Cylindrical GEM for KLOE2 Inner Tracker:Cylindrical GEM for KLOE2 Inner Tracker:Thin Curved Micromegas for CLAS12Thin Curved Micromegas for CLAS12
Read‐out

Cylindrical GEM for KLOE2 Inner Tracker:Cylindrical GEM for KLOE2 Inner Tracker:Thin Curved Micromegas for CLAS12Thin Curved Micromegas for CLAS12

3

2 mm
2 mm

2 mm GEM 1
GEM 2

GEM 3

Anode

Increase of magnetic field causeIncrease of magnetic field cause
l d f h t th dl d f h t th d

3 mm
Cathode

larger spread of charge at the anode larger spread of charge at the anode 

Red Red –– thickthick
MicromegasMicromegas
Blue Blue –– thin curvedthin curved
MicromegasMicromegas

A. Balla et al., 2009 IEEE NSS/MIC Conference Record.A. Balla et al., 2009 IEEE NSS/MIC Conference Record.
D. Nygret, RD51 Collab. Meet., Nov.23D. Nygret, RD51 Collab. Meet., Nov.23--25, 2009, WG7 Meeting25, 2009, WG7 Meeting
S. Aune, Proc. of the MPGD Conf., Crete, June 2009S. Aune, Proc. of the MPGD Conf., Crete, June 2009



Spherical GEMSpherical GEM New Methods of GEM ProductionNew Methods of GEM ProductionSpherical GEMSpherical GEM
for  Xfor  X--Ray diffraction applicationRay diffraction application

New Methods of GEM ProductionNew Methods of GEM Production
(Scienergy Co., LtD):(Scienergy Co., LtD):

•• Plasma etchingPlasma etching
M. Inuzuka, et al., NIM A 525(2004) 529M. Inuzuka, et al., NIM A 525(2004) 529M. Inuzuka, et al.,  NIM A 525(2004) 529M. Inuzuka, et al.,  NIM A 525(2004) 529

•• Laser + Plasma etching:Laser + Plasma etching:
T.Tamagawa, et al., NIM A560(2006) 418 T.Tamagawa, et al., NIM A560(2006) 418 

10cm

10cm

6m
m

10cm

10cm
96

S. Duarte Pinto et al., S. Duarte Pinto et al., 
2009 IEEE NSS/MIC Conference Record.2009 IEEE NSS/MIC Conference Record.

96mm
S. Uno, Proc. of the MPGD Conf., Crete, June 2009S. Uno, Proc. of the MPGD Conf., Crete, June 2009



MaxwellMaxwell
Objective: Development of commonObjective: Development of common

GEM

E Field strengthE Field strength
Objective: Development of common, Objective: Development of common, 

open access software and open access software and 
documentation for MPGD simulationsdocumentation for MPGD simulations

Field Strenght

•• Development of common platform for detector simulations Development of common platform for detector simulations 
(gas detector simulation in Geant4, interface to ROOT).(gas detector simulation in Geant4, interface to ROOT).

D l t f l ith (i ti l i th d i fD l t f l ith (i ti l i th d i f

MagboltzMagboltz

•• Development of algorithms (in particular in the domain of Development of algorithms (in particular in the domain of 
very small scale structures very small scale structures -- implementation of nearly exact implementation of nearly exact 

boundary element method interfaced to Garfieldboundary element method interfaced to Garfield).).

Townsend coefficientTownsend coefficient•• Simulation improvements (penning transferSimulation improvements (penning transfer
studies, photon excitation via excimers)studies, photon excitation via excimers)

MagboltzMagboltz GarfieldGarfield GarfieldGarfield

MicromegasGEMGEM
El t th dEl t th d

Drift velocityDrift velocity
Positive ion backflowPositive ion backflow

Electrons paths and Electrons paths and 
multiplicationmultiplication



Micromegas Electron TransparancyMicromegas Electron Transparancy
GEM:GEM:

Micromegas Electron TransparancyMicromegas Electron Transparancy

SSTotalTotal SSDriftDrift SSAmplificationAmplification

First “manual” iterative methodFirst “manual” iterative method
GEM i l ti ith “0 1GEM i l ti ith “0 1GEM simulation with “0.1s GEM simulation with “0.1s 

equivalent charge stepequivalent charge step

Micromegas Electron Transparancy:Micromegas Electron Transparancy:Mesh Transparancy:Mesh Transparancy:
Simulation vs measurementSimulation vs measurement

P(eP(e--collection) = Scollection) = SDrift Drift / S/ STotalTotal

=S=SAmplification Amplification ×× FieldField--Ratio / SRatio / STotalTotal

S u at o s easu e e tS u at o s easu e e t

~ (hole diameter)~ (hole diameter)22 ~ (wires pitch)~ (wires pitch)22

R. Veenhof, RD51 Collab. Meet., June 16R. Veenhof, RD51 Collab. Meet., June 16--17, 2009, WG4 Summary17, 2009, WG4 Summary



Objective: Readout electronics optimization and integration with detectors.Objective: Readout electronics optimization and integration with detectors.j p gj p g
Definition of frontDefinition of front--end electronics requirements for MPGDs  end electronics requirements for MPGDs  

Survey of existing conventional readout systems: Survey of existing conventional readout systems: 
GASSIPLEX ASDQ CARIOCA ALTRO SUPER ALTRO; APV VFATGASSIPLEX ASDQ CARIOCA ALTRO SUPER ALTRO; APV VFATGASSIPLEX, ASDQ, CARIOCA, ALTRO, SUPER ALTRO; APV, VFATGASSIPLEX, ASDQ, CARIOCA, ALTRO, SUPER ALTRO; APV, VFAT

From Chip Matrix to the “IdealFrom Chip Matrix to the “IdealFrom Chip Matrix to the “IdealFrom Chip Matrix to the “Ideal
MPGD Chip” MPGD Chip” 

develop 2develop 2--3 3 
chip conceptschip conceptschip concepts chip concepts 
for the MPGDsfor the MPGDs

S. Martoiu, RD51 Collab. Meet., Nov.23S. Martoiu, RD51 Collab. Meet., Nov.23--25, 2009, WG5 Meeting25, 2009, WG5 Meeting



“RD51 C P j t”“RD51 C P j t”“RD51 Common Project”“RD51 Common Project”
(financed by the RD51)(financed by the RD51)

First prototype systemFirst prototype systemFirst prototype systemFirst prototype system
to be ready in June 2010to be ready in June 2010

•• Scalability from small to large system  Scalability from small to large system  

•• Common interface for replacing the chipCommon interface for replacing the chip
frontend frontend 

•• Integration of proven and commercial Integration of proven and commercial 
solutions for a minimum of developmentsolutions for a minimum of development

•• Default availability of a very robust andDefault availability of a very robust andDefault availability of a very robust andDefault availability of a very robust and
supported DAQ software package.   supported DAQ software package.   

Scalable Readout System Scalable Readout System H. Muller, RD51 Collab. Meet., Nov.23H. Muller, RD51 Collab. Meet., Nov.23--25, 2009, WG5 Meeting25, 2009, WG5 Meeting



8 Timepix Readout Matrix (~ 3* 6 cm8 Timepix Readout Matrix (~ 3* 6 cm22)) 4 Chips + 3GEM (150 GeV muons after drifting 25 cm)4 Chips + 3GEM (150 GeV muons after drifting 25 cm)8 Timepix Readout Matrix (  3  6 cm8 Timepix Readout Matrix (  3  6 cm ))
55*55 55*55 μμmm22 pixel size pixel size 

p ( g )p ( g )

Drift distanceDrift distance

T t hi ith l i lT t hi ith l i lTest chips with larger pixels:Test chips with larger pixels:
expensive to design new chips, easierexpensive to design new chips, easier
to combine pixels by postto combine pixels by post--processingprocessing
(55*55, 110*110, 220*220, 275*275 (55*55, 110*110, 220*220, 275*275 μμmm22))( , , ,( , , , μμ ))

J. Kaminski et al, RD51 Collab. Meet., Nov.23J. Kaminski et al, RD51 Collab. Meet., Nov.23--25, 2009, WG7 Meeting25, 2009, WG7 Meeting



Objective: Development of costObjective: Development of cost effective technologies and industrializationeffective technologies and industrializationObjective: Development of costObjective: Development of cost--effective technologies and industrializationeffective technologies and industrialization

1) Current:1) Current: CERNCERN--MPGD workshop is the UNIQUE MPGD production facility MPGD workshop is the UNIQUE MPGD production facility 
(generic R&D detector components production quality control)(generic R&D detector components production quality control)

Detector TechnologyDetector Technology Currently producedCurrently produced
Future Future 
RequirementsRequirements

** **

(generic R&D, detector components production, quality control) (generic R&D, detector components production, quality control) 

cm * cmcm * cm cm * cmcm * cm

GEMGEM 40 * 4040 * 40 50 * 5050 * 50
GEM, single maskGEM, single mask 70 * 4070 * 40 200 * 50200 * 50

RD51 RD51 
Collaboration Collaboration 

SSGEM, single maskGEM, single mask 70  4070  40 200  50200  50
THGEMTHGEM 70 * 5070 * 50 200 * 100200 * 100
RTHGEM, serial graphicsRTHGEM, serial graphics 20 * 1020 * 10 100 * 50100 * 50
RTHGEM,  KaptonRTHGEM,  Kapton 50 * 50 50 * 50 200 * 100200 * 100

Survey:Survey:

Micromegas, bulkMicromegas, bulk 150 * 50150 * 50 200 * 100200 * 100
Micromegas, microbulkMicromegas, microbulk 10 * 1010 * 10 30 * 3030 * 30

2) 2) Future MPGD R&D:Future MPGD R&D: Reinforcement of CERNReinforcement of CERN--MPGD workshop infrastructure to produce MPGD workshop infrastructure to produce 2x1m2x1m
Bulk Micromegas and 2x0.5 m GEMsBulk Micromegas and 2x0.5 m GEMs has been approved by CERN Management (Nov. 2009)has been approved by CERN Management (Nov. 2009)

3) Technology Industrialization3) Technology Industrialization transfer “knowtransfer “know--how” from how” from 
CERN workshop to industrial partners for CERN workshop to industrial partners for MASS PRODUCTIONMASS PRODUCTION



THGEM TechnologyTHGEM Technology ELTOS S p A (Italy)ELTOS S p A (Italy)

GEM TechnologyGEM Technology Micromegas TechnologyMicromegas Technology

THGEM Technology THGEM Technology –– ELTOS S.p.A. (Italy)ELTOS S.p.A. (Italy)

•• New Flex (Korea, Seoul)New Flex (Korea, Seoul)
•• TechTech--ETCH (USA, Boston)ETCH (USA, Boston)
•• Scienergy (Japan Tokyo)Scienergy (Japan Tokyo)

•• TRIANGLE LABS (USA, Nevada)TRIANGLE LABS (USA, Nevada)
•• SOMACIS (Italy, Castelfidarco)SOMACIS (Italy, Castelfidarco)
•• CIRE (France Paris)CIRE (France Paris)•• Scienergy (Japan, Tokyo)Scienergy (Japan, Tokyo) •• CIRE (France, Paris)CIRE (France, Paris)

Scienergy, Japan signed license contract for GEMsScienergy, Japan signed license contract for GEMs

Partnership agreement for the development and implementation ofPartnership agreement for the development and implementation of
spherical GEMs for Xspherical GEMs for X--Ray diffraction detectorsRay diffraction detectors



(Reported in CERN(Reported in CERN--CouncilCouncil--S/049, S/049, 
September 7, 2009)September 7, 2009)

•• “One“One--stop licensing for industry” (bridging the gap between institutes and industry)stop licensing for industry” (bridging the gap between institutes and industry)

•• The IP coming from the HEP research community is better identified and more visibleThe IP coming from the HEP research community is better identified and more visible•• The IP coming from the HEP research community is better identified and more visibleThe IP coming from the HEP research community is better identified and more visible



Objective: Design and maintenance of common infrastructure for detector Objective: Design and maintenance of common infrastructure for detector 

SACLAY setupBonn setup GEM & Micromegas Telescope

j gj g
characterization characterization (“semi(“semi--permanent” testpermanent” test--beam infrastructure at CERN SPS@H4 beam)beam infrastructure at CERN SPS@H4 beam)

INFN setup 

COMPASS setup

p
(June)

•• 8 RD51 groups have been taking data in parallel during 8 RD51 groups have been taking data in parallel during 
the last test beam campaign (Oct. 22 the last test beam campaign (Oct. 22 –– Nov. 2, 2009)Nov. 2, 2009)



•• RD51 aims at facilitating the RD51 aims at facilitating the development of advanced gasdevelopment of advanced gas--avalanche detector avalanche detector 
technologies and associated electronictechnologies and associated electronic--readout systems readout systems Many successful Many successful 

j i i i d d i h fi f ll b ij i i i d d i h fi f ll b icommon projects were initiated during the first year of collaborationcommon projects were initiated during the first year of collaboration

I d t i l th d f MPGD d ti ll t t d t h lI d t i l th d f MPGD d ti ll t t d t h l•• Industrial methods of MPGD production allows to extend technologyIndustrial methods of MPGD production allows to extend technology
to ~ mto ~ m22 areas areas many potential MPGD applications within the HEP and beyond;many potential MPGD applications within the HEP and beyond;

•• Collaboration with industrial partners is ongoing; Collaboration with industrial partners is ongoing; 

•• Progress in microProgress in micro--pattern detector developments promises to extent thepattern detector developments promises to extent the
applicability of gaseous detectors to the applicability of gaseous detectors to the precision tracking at high counting precision tracking at high counting 
rates (large area coverage, low material budget, spatial resolutionrates (large area coverage, low material budget, spatial resolution~30~30--5050 μμm)m)rates (large area coverage, low material budget, spatial resolutionrates (large area coverage, low material budget, spatial resolution 3030 50 50 μμm) m) 

•• Modern, sensitive & low noise electronics will enlarge the range of applicationsModern, sensitive & low noise electronics will enlarge the range of applications


