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Penning transfers:
survey of available data, life-time of 
excited states, pressure dependenceexcited states, pressure dependence
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Variations of excitations and ionisations 
frequencies with electric field



Calculations

The Townsend coefficients with and without Penning transfers (left). 
Measured and calculated gain curves with and without Penning transfers (right). 



1- Argon – Ethane

2- Argon – Isobutane

3- Argon – Propane

4- Argon – Methane

Investigated gas mixtures

4- Argon – Methane

5- Argon – Acetylene

6- Argon – CO2
7- Argon – Xenon



Radiative lifetimes of Ar I excited levels



Pressure dependence

Measured and calculated gain curves for P-10 gas at different pressures (left). 
Calculated Penning transfer probabilities with their error bars for P-10 gas at different pressures (right). 



Standard GEMStandard GEM
Charging Up SimulationCharging Up SimulationCharging Up SimulationCharging Up Simulation

Gabriele Croci, Matteo Alfonsi, Serge Duarte Pinto, Leszek 
Ropelewski, Rob Veenhof, Marco Villa (CERN), Elena Rocco 

(INFN-To & Univ. Eastern Piedmont)



∆∆VVGEMGEM= 20 V: The measurements= 20 V: The measurements
Drift Scan (current vs drift field)

100

Ionization current about 10nA
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8.9 keV X-Rays collimated beam shot from the side 
to be sure to have conversion only in the drift gap 
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First “manual” iterative method simulationFirst “manual” iterative method simulation
with “0.1s equivalent” charge stepwith “0.1s equivalent” charge step

7

(a.u.)
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Recent developments Recent developments 
The simulation took about 2 weeks!!!!!!! 
→ We managed to write a shell script that automatizes all 

the required steps and is submitted to lxbatch.cern.ch:
– Creates a map with no charges (Ansys) and converts it to 

Garfield
– Launches a Garfield script that starts 2000 e- 290 µm before the 

top GEM, executes the microavalanche procedure and writes  an 
output file with x-end, y-end, z-end and t-end for each electron 
and ion in the simulation. To use multi-processor capability many and ion in the simulation. To use multi-processor capability many 
Garfield sessions are started at the same time

– Starts a ROOT macro that analyzes the output file and computes 
the electrons/ions ending place percentage, the real gain and the 
effective gain (if any)

– Creates another Ansys macro applying to the kapton wall 
charges proportional to estimated percentages

– Reconverts the Ansys solution to Garfield map, starts another 
simulation of 2000 e- and continue
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Drift Scan (current vs drift field)

∆∆VVGEMGEM= 500 V: The measurements= 500 V: The measurements
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Gain Setup: Simulation StartedGain Setup: Simulation Started

Preliminary Results on simulation of gain setup:
- The currents distribution seems to be correct
- The gain is still too low even if it seems to increase

21G. Croci (CERN)  - 3rd RD51 collaboration meeting - Crete - 16-17 June 2009

Simulation still on going
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Simulation of Micromegas and 

Micromegas Mesh Transparency
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Micromegas Simulation

Ionization cluster arrival

Input Current

Shaper

Strip 2 Strip 3

Css coupling

~-53·103e~-38·103e

~-52·103e~-39·103e

GARFIELD/HEED/MAGBOLTZ 

for electron production/drift. 

Mathieson’s semi-analytical approach for 

ion induced charge / include shaper / 

electronic noise e.t.c



Simulation Comparison with Test-Beam Data

Comparison of Test-Beam data resolution with simulation for three 

different strip sizes à agreement observed



Electron Transparency : Simulation vs Measurements

STotal SDrift SAmplification

Basic chamber characteristics:Basic chamber characteristics:

§ “T2K” mesh

450 line/inch = 56.4 µm pitch (calendered)   

18 µm wire diameter

128 µm amplification gap

Segmented mesh

§ Drift distance = 4.5 mm

§ Ar 85% CO2 15%

P(e-collection) = SDrift / STotal

=SAmplification × Field-Ratio / STotal

~ (hole diameter)2 ~ (wires pitch)2

Ignores diffusion/attachment/details of mesh geometry



Electron Transparency : Simulation vs Measurements

Rectangular wires à Not good agreement with measurements

Cylindrical wires à Much better agreement.

- Efficiency decrease starts at same drift field with the data ( Ea/Ed ~ 55 )

- Predicted efficiency in the falling slope within 10% from the measurement





























Development of a General 
Framework for MCs of MPGD
Purpose: Development one complete framework containing 
all ingredients for simulations of MPGDs

Why?
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Why?
• All pieces are put together in one piece → makes things 

clear, makes it easy to use.
• Should used in general, everybody knows the contents and 

the setup →  saves discussions about contents of personal 
MCs and double work, results can be compared more easily.

• Better to understand for outsiders, should be compatible 
with current and future MCs for CERN experiments



Framework Contents
-A charged particle travelling through a gas all (user defined) 
processes included, output: (x,y,z,px,py,pz) electrons+photons
-Drifting of electrons + (new) E-field calculation + proper 
treatment of insulators + charge up effect + impurities insulator
-Avalanche statistics 
-Signal development (kind of ions + signal dist. at readout pads)
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-Signal development (kind of ions + signal dist. at readout pads)
-Special studies: Discharge, electron emission foil, charge up, 
Rate effects, TwinGrids, effects hot electrons (up to 100 eV) in 
materials
-In ROOT?, need for supervision?



Some of the current activities

• Photon from excitations via excimers
• Penning transfer measurement
• GEM transparency with charge-up
• Micromegas pad response and transparency• Micromegas pad response and transparency
• Gas simulation in Geant 4
• Nearly exact boundary element method
• Framework


