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Micro-pattern Gaseous detectors
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• High rate capability O(MHz/
cm2)

• High spatial resolution (50-100 
um)

• Good time resolution (5-10 ns)

MPGDs are gaseous detectors 
with microscopic electronic 
structures to amplify ionization 
signals



Gaseous detectors:  Operating Principle
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Gaseous detectors: Ionization Mechanisms
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1.  F o r a n i o n i z a t i o n : 

2. Interaction dominated by elastic 
collisions with electrons

3.The trajectory of the charged particle is 
unchanged after scattering.

4. Ions and electrons produced by 
incident radiation are known as primary 
ionization

5.Primary electrons can further ionize the 
medium (delta rays) leaving long tracks

X + p → X* + p + e−

1.  Number o f P r imary 
Electrons

2.  Total Number of pairs : 

< np > =
L
λ

< nT > =
ΔE
ωi



Gaseous detectors:  Recombination  and 
Electron Attachment
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1.Produced pairs need to remain free long 
enough to be collected.

2.No electric field: Ion-electrons recombine.                   
 

3.Electron attachment: Capture of free 
electrons by electronegative atoms:              

4.E l e c t r o n e g a t i v e g a s e s : 

X+ + e− → X + hν

e− + X → X− + hν

O2, H2O, CO2, CCl4, SF6



Gaseous detectors: Transport of Electrons 
and Ions in gases
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1.Electrons and ions produced diffuse 
uniformly from the creation point for E = 0.

2.Thermal equilibrium is reached and finally 
they recombined. 

3.Due to the stochastic process: Charge 
distribution after a distance is Gaussian 

4.D i s t h e D i f f u s i o n C o e f f i c i e n t : 

dN
dx

=
N0

4πDt
exp(−

x2

4Dt
)

D =
2

3 π

1
Pσ0

(kT )3

m



Gaseous detectors: Transport of Electrons 
and Ions in gases
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1.Electrons and Ions obtain velocity ( ) 
in addition to thermal motion if 

2.The movement is along field lines 
3.The Drift Velocity of a charge is: 

4.         

5.

vD
E ≠ 0

⃗vD = μ ⃗E

E ≈ 1
kV
cm

→ vD(Ions) ≈
cm
ms

→ vD(e−) ≈
cm
μs

τ(Collection) ≈
1
vD



Gaseous detectors:Avalanche Multiplication
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1.Gas multiplication occurs when 
primary ionization electrons gain 
sufficient energy

2.The avalanche has the form of a liquid 
drop. 

3.The total number (n) of electrons 
c r e a t e d i n a p a t h x i s : 

 
4.The coefficient  is known as first 

Townsend Coefficient 
5.  The multiplication factor or Gain is:

n(x) = n0exp(αx)
α

G =
n
n0

= exp(αx)



Gaseous detectors: Operating Principle
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1.  Region I: No E field, recombination 
before collection

2.Region II: Ionization chamber. No 
gain. Full Charge collected

3.Proportional Counter: Multiplication, 
s ignal proport ional to or iginal 
ionization.  Quenching needed.

4.Limited Proport ionali ty: Strong 
photoemission. Large signal  

5.Ge iger mode: Mass ive photo 
emission. 



Gaseous detectors: Signal shaping
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Gaseous detectors: Modeling
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MWPC
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Mul t iWire Propor t ional Chamber, 
Charpak 1968 Proportional counter

Chambers made of planes of 
independent electrodes.



MSGC
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MicroStrip Gas Counter, 
A. Oed 1988 

• Electrodes on solid 
substrate

• Smaller pitch (200um)
• Higher spatial resolution
• Fast evacuation of ions
• High flux capability

Scheme of a MSGS  

P ic tu re o f f i r s t 
microstrip plates



MicroPattern Gaseous Detectors
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• Charging up effects 
• Aging  
• Limited gas gain 
• Low spark resistance

• Use of semiconductor 
coating 

• Gas optimization 
• Preamplification in the 

drift

Problems

Mitigation



MicroMegas Detector

16

Micro-Mesh Gaseous Structure, 
Charpak 1992

• Two regions with different electric fields 
• Small gap Electric field in the MicroMegas 



GEMs
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Gas Electron Multiplier, Sauli 1995

Scheme of a GEM Detector• Hole diameter: 70 um 
• Foil thickness: 50 um 
• Hole spacing:140 um



GEMs
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Gas Electron Multiplier, Sauli 1995



S
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Scheme of a TGEM Detector TGEM Detector connection



GEMs
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Scheme of a TGEM Detector



GEM Production

21For larger areasOriginal production



GEM Simulation

22

• G M S H : A t h r e e -
d i m e n s i o n a l f i n i t e 
element mesh generator

Geometry modelling Field calculation

• Elmer: open source 
multiphysical simulation 
software

• Garfield++: toolkit for 
the detailed simulation 
of detectors

Particle generation



GEMs at LHC   
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GEMs at CMS   
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GEM detectors in front of the 
existing CSCs (Cathode Strip 
Chambers).
• Will increase the path length 

within the first muon station.
• Will improve muon momentum 

resolution, 
• Reduce misidentified muons.



GEMs at CMS   
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Future for GEMs at LHC   
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GEM UAN Expertise
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Testing box for electrical quality 
control test

Voltage divider designed and 
assembled at UAN

Visual quality control performed  using digital 
microscope TGEM at UAN



GEM UAN Expertise
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Testing GEMs with Fe55



GEM UAN Expertise
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Testing GEMs with Fe55

Energy spectrum from 55Fe 
at 4100V and Ar/CO2 70/30 

Energy resolution 
from different voltages 
and Ar/CO2 mixtures 

3GEM effective gain 



GEM UAN Expertise
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Measuring thickness with GEMs



GEM UAN Expertise
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Measuring thickness with GEMS

Energy spectrum from aluminum layers by 
the transmission of the Fe-55

“DISPOSITIVO Y MÉTODO PARA 
LA MEDICIÓN DEL ESPESOR DE 
LÁMINAS DELGADAS MEDIANTE 
DETECTOR MULTIPLICADOR 
GASEOSO DE ELECTRONES” 

Patente de invención 



GEM applications
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Using GEMs for Neutron detection

• Neutron detectors based on MPGDs,” JINST 10 
(2015) 04, P04004 

• A solid layer of 10B4C of 1 µm thickness sputtered 
onto a 25 µm thick aluminium foil was used as 
neutron converter 

• Reaction: 10B(n, α)7Li and 10B(n, αγ)7Li 

• Eur. Phys. J. Plus (2015) 130: 118 DOI 10.1140/
epjp/i2015-15118-1. GEM-based detectors for 
thermal and fast neutrons.

• Neutrons impinge a lateral side epoxy glass 
window.

• n + 10B → 4He + 7Li (Q = 2.8 MeV, BR 7%) 
• n + 10B → 4He + 7Li + γ (478keV) (Q = 2.3MeV, BR 

= 93%) 



Remarks
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1.Very active community of developers and users of GEMs
2.Several applications and growing interest outside high energy 

physics
3.Thick GEMs are a new branch of development
4.New substrate materials (ceramic, teflon, FR4)
5.New methods for producing foils: laser bombardment,  mechanical 

drilling
6.Adding more material: Scintillating glass, graphene



Gaseous detectors:  Operating Principle
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GEMs at CMS   
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RPC upgradeGEM upgrade: Three new stations 

GE1/1, GE2/1 and ME0



Gaseous detectors: Frequently used gases
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Gaseous detectors: Frequently used gases
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