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Outline 

•  IRFU MPGD activities & Micromegas principle 
•  Early years technologies   COMPASS / NA48-KABES 
•  Bulk-micromegas 

–  Large scale production of the T2K/TPC readout modules 
–  ILC/TPC large prototype 
–  n-TOF X-Y neutron beam profiler 
–  SLHC/ATLAS muon chambers upgrade : high flux applications 
–  TOF Low-pressure detectors for beam tracking (BTD) 

•  Micro-bulk micromegas 
–  n-TOF transparent neutron beam flux monitor 
–  High-pressure and/or cryogenic temperature applications : 
micromegas as a charge readout of a double phase Argon TPC 

•  Micromegas on chip R&D : InGrid +TimePix 

•  Conclusion & perspectives 
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Micromegas 
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Micro Mesh Gaseous Structure, Y. Giomataris, Ph. Rebourgeard,   
J-P Robert and G. Charpak, NIM A376, 1996, p29 (CEA-biospace patent) 
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IRFU MPGD 
ACTIVITIES 
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The RD51 collaboration : Development of MPGD technologies  
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Collaboration of ~70 institutes worldwide.  Approved  by CERN’s Research Board (dec 5, 2008) 
“RD51	  aims	  at	  facilita/ng	  the	  development	  of	  advanced	  gas-‐avalanche	  detector	  technologies	  and	  
associated	  electronic-‐readout	  systems,	  for	  applica/ons	  in	  basic	  and	  applied	  research.” 

2nd International Conference on MPGDs, Maiko, Kobe, Japan, from 29 August to 1 September 2011  
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Past Micromegas technologies used in physics experiments   

Beam Killer d=5cm 

40x40 cm2 

Act. area 

High voltage 
connections 

360µm 420µm 

600 mm 

1160 mm 

Fan-Out 

Drawback of these technologies :  
- "large" dead zones around active area + delicate assembly due to the mesh frame 
-  gap irregularities in corners : amplification gap is obtained only when mesh HV is applied (Elec. Force)   

NA48/KABES station 
COMPASS Micromegas PCB 

  spatial resolution σ =70 µm 
  time resolution of 9 ns 
  0.15 discharges/spill, local dead time < 3 ms 

  spatial resolution σ =70 µm 
  time resolution of 0,7 ns 
  3.108 Hz Kaon beam (in 8 cm2) 
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Discharges in TPC mode Vs tracker mode 

alain.delbart@cea.fr / Overview of Micromegas technologies and applications (SAMURAÏ–SHOGUN-GET–MINOS  Workshop, January 11-12 2011) 7 



CEA DSM Irfu 

i r f u

yalcas

i r f u

yalcas

The bulk-micromegas 
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•  First prototypes in 2004. CERN-TS-DEM/Irfu collaboration 

•  A woven micro-mesh is embeded between 2 layers of 
photo-imageable material. Amplification gap of 128 µm is 
standard, 104 µm should be ok, 64 µm is tricky 

•  No farme, no mechanics  % level dead zones 

•  Up to 50x50 cm2 is standard 

•  Robust, Industrial process  

Copper segmented anode 

Lamination of Vacrel 

Positioning of Mesh 

Encapsulation 

Development 

FR4 

Photo-imageable 
polyamide film 

Stainless steel 
woven mesh 

Border frame 
Spacer 

Contact to Mesh 

Base Material 

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

63 µm pitch, 18 µm wires 

Top 500 µm pillar 
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Bulk Micromegas Workshop @ CEA-IRFU 

Oven 
Vacuum press 

Mesh stretching Laminator 

Insolator 

Developper 

9 

 on-going Bulk-micromegas transfer to industry (CIRE-CIREA company, RD51) 
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 Future upgrade of the CERN/EN-‐ICE-‐DEM	  workshop	  is	  on-‐going 
 New equipment to fabricate larger area MPGDs (GEM & MM) expected for mid 2011 
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Current Bulk-Micromegas developments 

Jlab-Class12 (CEA/Irfu) 

  Class12 @Jefferson lab (central & forward tracker), USA, 
prototype tests (in B=4,5T (sept08) : low material budget 
detector ( X/X0~5.10-4)  cylindrical shape (φ 200-600 mm)	


  ILC/DHCAL, prototype tests @ CERN (oct08) : on-detector 
ASICs, 1cm2 pads, 35.104 channels 

  Super LHC/ATLAS Muon chambers upgrade (MAMMA):     
5 kHz/cm2 flux, ~2 m2 ch., 100 µm/5 ns resol.  

  ILC/TPC, prototype tests @ DESY (oct08) : 3,5T magnetic 
field, high flux, <10-3 ion backflow, <50 µm resolution @ short 
drift distance (resistive bulk-micromegas), high readout 
electronics density (>106 ch.)    

ILC/TPC 
(Carlton,CEA/Irfu) 

SLHC/ATLAS µ ch. (MAMMA) 
2008 prototype 

SLHC/ATLAS µ ch. (MAMMA) 
2009 prototype (largest bulk-MM) 

ILC/DHCAL (LAPP&CEA/Irfu) 
24 row x 72 columns                   
<pad size> ~ 3.2x7 mm2 

& T2K/TPC !!! 
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The T2K/TPC micromegas 

Gaz  

(Ar + 2% iC4H10 + 3% CF4) 

TPC Cathode ~ -25 kV 

Pads readout 
( AFTER ASIC ) 

Pads (6.9x9.7 mm2) 

Ionizing 
particle 

Micromesh ~ -350 V 
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Use of bulk-micromegas technology 
  all-in-one detector : minimized blind 
areas, including edges and corners 
  simple design, cheap & robust 
  good uniformity of performances 
  Production by CERN/TS-DEM-PMT 

           a new gas mixture 
  Non-flammable 
  low tr. Dif. for small B (250 µm/cm1/2 ) 
  operation close to the maximum drift 
velocity (7,5 cm/µs @ 200 V/cm) 
  minimization of the effect of impurities 
(mainly O2) : > 30m att. Length 

A
D

C
 c

ou
nt

 

1 time bin = 50 ns (20 MHz sampling freq.) 

200 ns 
peaking time 

55Fe event 

Drawbacks of micromegas technologies 
with seperate mesh & anode PCB : 
- "large" dead zones around active area + 
delicate assembly due to the mesh frame 
-  gap irregularities in corners 

NIM A560 (2006) 405	

2005 HARP tests., NIM A574, p425 (2007) 
2007 HARP tests., NIM A602, p415 (2009) 
T2K/TPC paper submitted to NIM A 



CEA DSM Irfu 

i r f u

yalcas

i r f u

yalcas

The T2K/TPC bulk-micromegas 
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MICROMEGAS 

final cutting 

NIM A574 (2007) 425-432	
NIM A602 (2009) 415-420	

1	  year	  produc/on	  of	  10	  m2	  

-‐ 	  Bulk-‐MM	  produced	  @	  CERN/EN-‐ICE-‐DEM	  
-‐ 	  86	  modules	  produced	  (6	  rejected)	  
-‐ 10	  faulty	  pads	  /	  124000	  !	  
-‐ 	  Electronic	  readout	  designed	  at	  SEDI	  :	  
AFTER	  72ch.	  ASIC	  +	  digital	  (124000	  ch.	  !)	  

Ref: A. Delbart et.al., NIM A623, p105 (2010) 

MICROMEGAS 
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T2K/TPC Module calibration : a uniform production 

55Fe spectra 

1726 pads scan @ -350 V 1 FEC dead ch. 

HV connection. 

Gain vs HV curve 

Gain=1500 
@ -350 V Gain 

Uniformity 
2.1% 

Energy 
Resol. 

Uniformity 
5.6% 

σ(Ε)/Ε=8.8%	

20.6% FWHM	


8% performance uniformity over the 86 modules  
Ref: A. Delbart et.al., NIM A623, p105 (2010) 
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ILC/TPC large prototype R&D 
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•  Goal : ~ 100 μm space point resolution on 200 track 
points, as constant as possible Vs drift distance 

•  Use of a resistive foil to spread the charge over several 
pads to improve resolution for short drift ditance 

•  bulk-micromegas with 1726, 3×6.8 mm² pads 
•  First step with 1 module and use of T2K electronics 
•  Second step with a new, more compact, design of 

Electronic readout for 7 module integration 

Resistive ink 
~1 MΩ/□ 

Resistive Kapton 
~4 MΩ/□ 

Standard 

2 Resistive Kapton 
~1 MΩ/□ 

Best σ0 ≈	  50	  µm	  for	  resistive Kapton 1 MΩ/□ 
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128 µm Bulk-micromegas technology with 2D X-Y readout (CAST-like) 
Use of 10B(n,a)7Li for up to 1 MeV neutron conversion 

  Ar+2%iC4H10+10%CF4 
  6x6 cm2 active area 
  Φ 60 mm, 24 nm 10B layer on a 1 µm 
copper coated 12,5 µm Kapton foil 
  212 channels : readout with 2 x 96 
ch. Gassiplex cards 

Specifications 

Ref: S. Andriamonge et.al., proceedings of  ND2010, International Conference on Nuclear Data for Science and Technology 

CERN/n-TOF 2D X-Y neutron beam profiler 

Modified CAST chamber 

X & Y strips 
+ Y vias 

Woven mesh 
(30 um) Pyralux pillar (128 µm) 

X readout 
Y readout 50 µm kapton 
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Equivalent	  circuit	  (R.	  de	  Oliveira)	  

CERN/EN-‐ICE-‐DEM 

Ref: V. Polychronakos (on behalf  of  the MAMMA collaboration), Micromegas progress report, RD51 collaboration meeting, Bari, oct 8-11 2010)  

SLHC-ATLAS Muon chambers upgrade 
Most advanced spark reduction technique : resistive strips connected to ground 

                         Requirements 
High rate capability (≤ 10 kHz.cm-2) 
Spatial resolution ~100 µm (θ ≤ 45 °) 
Radiation hardness and good ageing properties 
Time resolution ~few ns 
Level1 triggering capability 
Large m2 surface chambers for hundreds of m2 ! 

Sparks neutralized through the resistive strips to the ground 
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Resistive anode micromegas tests in neutron beam 
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Ref: V. Polychronakos (on behalf  of  the MAMMA collaboration), Micromegas progress report, RD51 collaboration meeting, Bari, oct 8-11 2010)  

                      “Joerg” like prototypes: R11,R12,R13 
100 x 100 mm2 with 100 mm long strips, 250 µm pitch 
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Micromegas-SED at GANIL (GANIL-IRFU-CNA-Sevilla coll.) 
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Use of Bulk-micromegas technology to detect secondary electrons in a SED for its good spatial 
resolution and robustness. Time resolution σt≈200-350 ps & better spatial resolution than SED 

- Kr  from CIME at 1.7 MeV/n from 103 to 106 p/s.cm2 
-  very thin emissive foil : mylar + Al 130 µg/cm2 
-  No magnetic field   

A. Drouart et al., NIMA579(2007) 

J. Pancin et al., JINST4:P12012(2009) 

From T. Papaevangelou (CEA-IRFU) & J. Pancin (GANIL) 

Micromegas-SED 
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The micro-bulk micromegas 
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•   “All-in one” structure mesh+anode 
• Excellent Energy resolution  
 11% FWHM @ 5,9 keV, 6 % @ 22 
keV, 1,5 % @ 5 MeV) 

• Good uniformity 
•  Low materiel budget detector 
• Flexible structure 
•  Low intrinsic radioactivity 
• Fabrication process still improving 
• Fragile 
•  Limited sizes (<100 cm2) 

Micromesh 
5 µm copper 

25 or 50 µm 
Kapton 

Readout anode 

Lower capacitance 
Under development 

Ref: S. Aune et al. NIM  A 604, 15-19, 2009 
S. Andriamonje et al. JINST 4, MPGD2009 conf. proceedings 

11% FWHM at 5.9 keV  
Ar + 5% Iso at 1 bar 

Same manufacturing techniques as GEM : 
Copper & Kapton etching of a  copper cladded Kapton 

1 mm  

1 

2 
2 

1 

Better mesh transparency & 
12 µm gap under development 

CEA-CERN Patent 09 290 285.0 (2009) 
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Current Micro-bulk developments 

N-TOF (CERN) 

  CAST @ CERN (Axion search), on CAST telescope, rare 
1-10 keV event search, low radioactivity materials,  

  NEXT @ Zaragoza (Search for the ββ0ν decay, High pressure Xe 
gas TPC): 30x30 cm2 under development 

  n-TOF, in n-TOF beam @ CERN (2009) : neutron beam flux 
monitor, 25 µm amplification gap, pillars with 500 µm pitch 

  Double phase Liquid Argon TPC, ETZH 3l TPC @ CERN 
(2011) : 70x70 mm2 , 25 µm amp. gap under development 

NEXT 

CAST 

First 10x10 cm2 with pixel readout 

241Am alpha source (1 bar) 
0.7% FWHM @ 5.5 MeV 

Ref: T. Dafni et al.  NIM A 608 259-266, 2009 

A. Tomas et al JINST 4: P11016, 2009  
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n-TOF transparent neutron beam flux monitor 
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Micro-bulk technology for very low budget material detector 
Use of 2 converters : 10B(n,a)7Li for up to 100 eV neutrons and 235U(n,f) for 100 eV-1 MeV 

  Ar+2%iC4H10+10%CF4 
  35 mm diameter active area 
  1 plane Anode 
  1 channel : on-shelf fast current 
preamp. + 1GHz flash ADC 

Specifications 

  Sputtering from B4C at CERN 
  on 1 µm copper coated 12,5 µm Kapton foil 
  ~1 µm on a Φ 35 mm 

10B Converter 

  Vaccuum Evaporation (1 mg 235U @ 
99,94%) at JRC-IRMM (Geel) 
  on 1,5 µm aluminized mylar foil 
  1 mg on a Φ 20 mm  

235U Converter 

Ref: S. Andriamonge et.al., proceedings of  ND2010, International Conference on Nuclear Data for Science and Technology 

500 µm 
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n-TOF beam profile and flux monitor  
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n-TOF beam flux monitoring (2008) 

Ref: S. Andriamonge et.al., proceedings of  ND2010, International Conference on Nuclear Data for Science and Technology 

n-TOF beam profile (2009) 

@ 185 m from spallation target 
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Micromegas for double phase Liquid Argon TPC readout 
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First tests of a micromegas as charge readout of a double Argon TPC (1 bar / 87 K  pure Argon) 

EAmp= 46 kV/cm  ~25fC/strip 
 Gain~3 

ETH Zurich 
3l Liquid Argon TPC 

100 µm gap 
32 strips, 3mm pitch 

bulk-micromegas 

Cosmic muon 

Max Gain of 5 
 12 µm micro-bulk  

Ref: A. Delbart, RD51 collaboration meeting, Bari, 7-10 october 2010 
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Comparison of bulk & micro-bulk technologies 
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- Large size 
-  Large scale production 
-  Robustness (incl. sparks) 

- Low-budget material 
-  Excellent energy resolution 
-  Thin gap / High pressure app. 
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InGrid + Timepix (within the european R&D program EUDET/AIDA) 

Micromegas integration within the pixels sensor by post-processing of the Si wafers Al grid, 
0.8 µm thick, accurately positionned with respect to the pilars and pixels 

mesh 

Ar escape 

55Fe Kα	


55Fe Kβ	


φ 40 µm pilars No dead zones 

Hole pitch : 20, 32,45, 58 µm 

Si wafer Post-processing 

45, 58, 70 µm 

Collaboration NIKHEF-Saclay-CERN-univ. Of Twente 

Timepix chip + SiProt + InGrid 

… towards digital mini-TPCs 

Excellent Energy resolution : sE/E = 6.5% 

Gain variations: < ±5% 

Gas gains: 5·102 - 6·103 

•  Single electron detection 
•  Ion feedback down to 1 ‰ 
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Conclusion 



CEA DSM Irfu 

i r f u

yalcas

i r f u

yalcas

Backup 
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RD51 WG2 characterization studies  
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Discharges probabilities with standard metallic anode plane 

alain.delbart@cea.fr / Overview of Micromegas technologies and applications (SAMURAÏ–SHOGUN-GET–MINOS  Workshop, January 11-12 2011) 29 

  Spark probability increases with Gain and Z number of the Gas (first order) 

Hadron beam 

10-15 GeV 
Hadron beam 

  sparking rate depends on the type of incident particles and the nature of the gas mixture 
100 mm gap, Nickel mesh 
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COMPASS bulk-micromegas upgrade chambers 
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- Pixel readout in beam central area 
-  Reduce the discharge rate by factor 10 to 100 for 
higher intensity hadron beam 
 studies on resistive Micromegas and MM+GEM 
- Improvement of robustness  use of bulk technology 
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KABES SPS Beam test results (2002) 
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NA48/KABES : KAon BEam Spectrometer 
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7 modules integration with new AFTER based FEE 
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      Compact 288 ch. FEC  
  wire-bonded unpacked AFTER chip 
  diode protection removed 
  LV regulation and quad ADC removed 
and displaced to the digital FEM 
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Summary of Gain measurements in Argon 

alain.delbart@cea.fr / First tests of Micromegas in double phase Liquid Argon (RD51 Collab. meeting, oct 8th 2010, Bari) 
34 

A. N. Tkachev et al.,  
Technical Physics, Vol. 52, 
N°6, pp. 699–704 (2007) 

For Argon: A = 43 (cm Torr)–1, B = 27.5 [V/(cm Torr)]1/2, C = 2.5 10–4 (cm Torr)/V 

Gain=eα.x 
α(E,p)=pξ(E/p) 

               kV/cm 
100 µm / 87 K 

First measurement in 
double phase LAr (87K) 
~2 ppb O2 & <1 ppm N2 

What is gas purity ? 

?  

 On-going R&D to test thinner gaps (25 µm micro-bulk) 
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A Timepix + InGrid micromegas readout µTPC  

alain.delbart@cea.fr / Overview of Micromegas technologies and applications (SAMURAÏ–SHOGUN-GET–MINOS  Workshop, January 11-12 2011) 35 

•  Single electron detection 
 Unique tool to study Gas 

properties 
•  Ion feedback down to 1 ‰	  
(for	  FR=1000) 

Octopuce : 8 Timepix array 

Current R&D @ IRFU 

M. Chefdeville (In2p3/LAPP) 

D. Attie & P. Colas 


