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Maxim Titov, CEA Saclay, France!

Micromegas:	  

GEM	  +	  
CMOS	  ASIC	  

Thick	  GEM	  +	  
(THGEM)	  

12th Pisa Meeting on Advanced Detectors 
La Biodola, Isola d'Elba (Italy) May 20 ‐ 26, 2012 

TPC	  Drift Chamber 



20 posters contributions to the session (a few more in other ones): 
 
Ø  3 posters - Basic studies & Multiplication & Gas Mixture Properties 

Ø  2 posters – Low-mass tracking detectors for operation in vacuum 

Ø  1 posters – Transition Radiation Tracker in Space (AMS) 

Ø  3 posters – Resistive Drift Chambers (sLHC and R&D for LC) 

Ø  1 posters – Drift Tubes (sLHC) 

Ø  10 posters – Micro-Pattern Gas Detectors (sLHC, future projects) 

List of gas detector posters in other poster sessions (* not complete): 
 

v  S. Biswas, “Development of Multi-Gap RPC for Medical Imaging (Applications) 
v  K. Pushkin, “R&D for the EXO-GAS experiment to search for neutrinoless double  

    beta decay (Exp. Systems without Accelerators) 
v  S. Jowzaee, “Particle identification using the time-over-threshold measurements 

    in straw tube detectors (PID and Photodetectors) 
v  Fulvio Tessarotto, Progress on THGEM-based photon detectors for COMPASS RICH-1 

    (PID and Photodetectors) 



S. Koperny, T.Z. Kowalski 

Ø  Study of gas gain parametrization (e.g. 

formula of Williams & Sara) in wide range 

of gas pressure and counter dimensions 

 

Ø  Determination of the first Townsend 

coefficient, which is the main parameter 

describing avalanche development, as a 

function of electrical field 



Ö. ŞAHİN, İ. TAPAN and R. VEENHOF 

Photon feedback à over-exponential increase  
of gas gain because of secondary avalanches  G
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Derive photon feedback from published gain measurements 
à  fit these parameters in a model (function of the quencher concentration 
 and the pressure) 
 
à Relation between feedback β (number of secondary avalanches) and  
quencher fraction is not exponential 



Michele Cascella et al Studies of drift velocity, diffusion, ionization, gas gain below 
 the atmospheric pressure, down to 100 mbar   

Interesting for experiments like 
Mu2e at Fermilab, where the  

tracking detector is immersed in vacuum 

Study of gas gain parametrization: 



Giovanni Francesco Tassielli et al 
Techniques for assembling low mass drfit  
chamber 

The Mu2e tracker is immersed in vacuum and its gas envelope must withstand a 
differential pressure of 1 bar, and to keep at minimum both multiple scattering  
and energy loss straggling for conversion electrons à 
optimize the shape of the gas envelope and to minimize the amount of material 



Levan Glonti et al Proposed as a candidate for the NA62 tracker   

Design drift tube operating in vacuum and to develop technologies for tubes 
independent assembly and mounting in the chamber à rigid vacuum-tight  

structure with minimum mechanical distortion of the tube geometry 

Tubes are made of flexible  
mylar film (wall thickness  
36 µm, diameter 9.80 mm, 

 length 2160 mm)  

Independent assembly 
of drift tubes:  
 
 	  
	  	  
“Self-centering” spacers  
and bushes are used for  
precise setting of the  
anode wires and tubes.  



Francesca Spada GASEOUS DETECTOR at the International SPACE Station 
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ATLAS    - TRD 
(straws) 

       -      -     - MDT (drift 
tubes), 

CSC 

RPC, TGC 
(thin gap 

chambers) 

CMS 
 

----- 
TOTEM 

   -      -        -      -     - Drift tubes, 
CSC 
----- 
GEM 

RPC, CSC 
  

----- 
GEM 

LHCb    - Straw 
Tubes 

       -      -     - MWPC MWPC, 
GEM 

ALICE    - TPC 
(MWPC) 

TOF(MRPC), 
PMD, HPMID 
(RICH-pad 
chamber), 

TRD (MWPC) 

     -     - Muon pad 
chambers 

RPC 

ALICE TPC Straw tubes CMS CSC 



Anna Cimmino et al. 

Performance	  using	  2011	  data:	  



Hyunkwan Seo et al. 

Similar	  studies	  are	  being	  performed	  for	  J/Ψ	  candidates	  to	  invesTgate	  RPC	  contribuTon	  
to	  low	  pT	  muons	  	  



Studies at 6 GeV electrons: 

Yacine Haddad et al. 



Hubert Kroha et al. 



Higher Rate, enormous occupancy: 
1D easily saturated à 2D à 3D 
 
Ø  Silicon detectors: 
Strips àPixels (2D)à 3D-Si det. 
& 3D electronics integration 
 
Ø  Gaseous detectors 
Wire Chamber à Wireless MPGD (2D) 
à InGrid/Timepix (3D) 

50	  µm	  

140	  µm	  

Micromegas: 

10	  µm	  

100	  µm	  

Ingrid 

TPC	  

Advances	  in	  Micro-‐electronics	  &	  Etching	  
Technology	  à	  Micro	  paYern	  Gaseous	  

Detectors	  

Dri%	  Chamber	  



MSGC (ILL, A. Oed)	 GEM (CERN, F. Sauli)	
MicroMEGAS (CEA Saclay, Y. Giomataris)	

µ-PIC (A. Ochi, T. Tanimori)	
Capillary plate (Yamagata U., H. Sakurai)	

RD51	

InGrid	

RD28	

15	

From A.Ochi ADA2012@Kolkata (updated) 

(*Many more micro-pattern structures were developed; 
only widely spread technologies are shown)   

LEM (Periale) 
THGEM(Chechik) 



Jonathan Bortfeldt et al. •  Goal: track reference  
system with < 20µm  
resolution for tests with  
high-energy pions  
and muons 
 
•  4 Micromegas 
Detectors (9 cm x 10cm 
area, 250µm pitch), 
Gassiplex electronics 

•  detector	  efficiency:	  98.5%	  	  
	  
•  discharge	  probability:	  	  
	  	  	  	  	  	  1.5	  x	  10-‐5	  	  

•  best	  value	  of	  single	  detector	  	  
spaTal	  resoluTon:	  35μm	  	  	  
→	  track	  resoluTon	  <20μm	  	  
with	  2	  x	  2	  detectors	  
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ATLAS GOSSIP GOSSIP            Micromegas 
 

Micromegas 

CMS                      GEM GEM 

ALICE     TPC 
(GEM) 

VHPMID 
(CsI-

THGEM) 

           

Linear  
Collider 

TPC
(MM,GE

M, 
InGrid) 

DHCAL 
(MM,GEM) 

Experiments are challenging, demanding aggressive focused detector R&D* 

(*ongoing R&D projects using MPGD detectors in the framework of HEP collaborations) 



Marcin Byszewski et al. MAJOR	  BREAKTHROUGH	  SINCE	  2009	  ELBA	  CONFERENCE	  



•  COMPASS Upgrade: 
Ø  Micromegas and GEM detectors for high-rate tracking 
Ø  Photon Detectors Using THGEM technology for RICH 1  
 
•  KLOE2 Upgrade: 
Ø  Large-area cylindrical GEMs for Inner Tracker 
 
•  RHIC Upgrades: 
Ø  GEM Tracking for STAR Experiment 
Ø  GEM Tracking for PHENIX Experiment(+ drift micro-TPC);  
   development of Ring Imaging version of HBD for particle ID 
 
§  Future JLAB Projects: 
Ø  Thin-Curved Micromegas for JLAB/CLAS12 
Ø  GEM Tracker for JLAB/Hall A High Luminosity (SBS) experiments 
 
•  Future FAIR Facility: 
Ø  GEM Tracker and GEM TPC for the PANDA Experiment 
Ø  GEM/Micromegas tracking in CBM Muon Chamber (MUCH) 
 
•  Future Electron - Ion Collider Facility: 
Ø  Tracking and particle ID detectors based on MPGD-technology 

… MPGD are used/proposed for high-rate tracking and photodetectors 



Richard Majka, Nikolai Smirnov GEMs for PHENIX and STAR 
Upgrade and detector R&D 
for an Electron-Ion Collider: 

 
+ Developing short drift TPC  
with GEM readout to improve  
tracking resolution at larger  
angles  

 
+ Developing a Ring Imaging  
version of the HBD using dual 
radiators for particle ID  
in the forward direction 

Commercial  
manufacture 

 
Tech-Etch  

(USA) 

GEM	  Detector	  Response	  SimulaTon:	  



Requirements: 
•  Able to operate in photon flux up to 

250 MHz/cm2 

•  Active area larger than 120x40 cm2 

•  Spatial resolution at the level of 70 µm 
 
Implementation: 

 
§  Large chambers made of 3 identical 

40x50 cm2 triple GEM modules with x/
y strip readout – 0.4 mm pitch 

Front-end readout cards 
 based on APV25 

40x50 cm2 

3xGEM module 

Log	  scale	  in	  z	  

S. Minutoli and P. Musico 

GEM and fine pitch Si micro-strip  
Share the same electronics (APV25) 



Anand Dubey et al. 
	  	  Muon	  DetecTon	  System:	  	  
ü  high	  rate	  capability	  (up	  to	  1MHz/cm2)	  
ü  high	  granularity	  (up	  to	  1	  hit/cm2	  in	  	  
	  	  	  	  	  	  central	  Au-‐Au	  colisions)	  	  	  
ü  Good	  posiTon	  resoluTon	  	  
ü  	  RadiaTon	  resistant	  
ü  Data	  to	  be	  readout	  in	  a	  self	  triggered	  mode	  	  	  	  	  	  	  	  	  	  	  	  	  	  

GEM	  for	  the	  first	  few	  staTons	  and	  straw	  	  
tubes	  and	  Micromegas	  for	  the	  laYer	  staTons	  

3GEM (10*10cm2) at VECC, Kolkata: 



Ar/CO2	  :	  60/40	  
	  	  

Ar/CO2	  :	  70/30	  

	  	  

Ar/CO2	  :	  80/20	  
	  	  

•  Decrease	  of	  gas	  gain	  as	  a	  
funcTon	  of	  increased	  oxygen	  
content	  (10	  –	  60	  ppm)	  in	  the	  
mixture	  

§  Energy	  resoluTon	  was	  
studied	  	  as	  a	  funcTon	  of	  gas	  
flow	  

•  In	  an	  iniTal	  long-‐term	  
test,	  variaTons	  of	  gain	  and	  
energy	  resoluTon	  were	  
observed.	  Further	  studies	  will	  
be	  performed	  to	  take	  into	  
account	  changes	  in	  T	  and	  P.	  

Saikat Biswas et al. 



Allhussain Abuhoza et al. 

RadiaTon	  hardness	  (“aging”)	  studies	  of	  gaseous	  detectors	  is	  of	  a	  primary	  importance	  	  

A dedicated aging setup (to test different construction materials) 
is being constructed in GSI DetLab to perform ageing tests 

  σ ~ 0.2% 

Several improvements of the setup have been implemented to obtain 
high precision of gain measurements and to correct for pressure and 
temperature variations 



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

New techniques 
are developed to 
c u r v e  t h e 
detector, keep it 
curved and bring 
the gas to the 
active area with 
the requirement 
that the quantity 
of material must 
b e a s l o w a s 
possible.  

Curved Micromegas 
The	  KLOE	  experiment	  at	  the	  DAFNE	  Φ-‐factory	  will	  
be	  upgraded	  with	  a	  new	  Inner	  Tracker	  composed	  
by	  4	  tracking	  layers	  with	  radii	  of	  130	  /	  155	  /	  180	  /	  205	  

mm	  around	  the	  Interaction	  Point	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	  Each	  layer	  is	  a	  Cylindrical	  Triple-‐GEM	  detector	  

D. Domenici et al., “Production and test of the first 2 layers 
 of the KLOE-2 Inner Tracker 

 
 

G. Charles et al, “Micromegas Detectors for CLAS12 at Jefferson Lab”  
 
 

à  Curved MPGD can be used as light, fast and high resolution, vertex  
and/or central tracker for high luminosity experiments 



First effect studied : the strong 
magnetic field (4T at the level of 
the target). 

Edri%	   These tests strongly suggest 
that the Lorentz angle can be 
reduced to 20° at 5T if the 
drift field is set to about 8 kV/
cm. 

Resistive Micromegas:  
major recent breakthrough to  

eliminate sparks 

Gabriel Charles et al. 
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FEE	  is	  based	  on	  GASTONE:	  
a	  charge	  amplifier,	  shaper,	  

discriminator	  chip	  
developed	  for	  the	  KLOE-‐2	  

Inner	  Tracker	  

GEM	  foils	  are	  produced	  with	  a	  
single-‐mask	  etching.	  We	  
measured	  the	  gain	  of	  4	  	  
different	  gas	  mixtures.	  	  

The	  final	  choice	  is	  Ar/Iso	  :	  90/10.	   Spatial	  resolution	  as	  a	  function	  
of	  the	  Magnetic	  field	  

r-‐φ	  resolution	  (bending	  plane)	  

KLOE	  field	  
0.52	  T	   Hit	  distribution	  of	  a	  β	  

source	  

Danilo Domenici et al. 
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New	  KLOE	  Interaction	  
Region	  with	  Crab	  Waist	  
geometry	  

The	  5	  electrodes	  (Cathode,	  3	  GEMs	  
and	  Readout)	  are	  realized	  as	  
cylindrical	  polyimide	  foils	  without	  
frames	  in	  the	  active	  area.	  The	  overall	  
material	  budget	  is	  below	  2%	  of	  X0	  	  

The	  readout	  is	  a	  multilayer	  
flexible	  circuit	  on	  a	  
polyimide	  substrate	  
providing	  a	  2-‐dim	  point	  with	  
XV	  strips	  at	  650	  µm	  pitch	  

Danilo Domenici et al. 



Laura Segui et al 

Requirements: 

Studies with large  
NEXT-MM prototype  
ongoing 


