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Workflow  
Gmsh: 3D mesh generator and geometry defination 

Elmer: Imports the mesh, allows to define the boundary conditions/potentials and 
solves the electric field map 

Magboltz: calculates the transport properties for e for 60 different gases and their 
mixtures, includes excitation and ionization levels for all these gases 

Garfield++: C++ framework with several classes to import the Elmer field maps 
and to do a microscopic MC transport of the e; allows to get back the position of 
any excitation or ionization 



Geometry, Fields and Analysis Strategy 
Strategy: 
 
1. Place primary e- 0.49 cm below LEM, xy 

position randomized 
2. Use Garfield++/Magboltz to drift and 

avalanche e- 
3. Get back production point for 

ionization/excitation + end point of charged 
particles 

4. Simulate at least 500 events per LEM voltage 
5. Charge: calculate GTot/Geff/IBF from end 

point 
6. Photons: propagate isotropic photons and 

check where they end wity pyRoot script 
7. No charging up simulated 







Charge: Definitions 



Charge results: 
 
• GTot and Geff seem to 
behave well (forget fit) 
• maximal Geff of about 13 at 
3300 V before charging up 
• IBF is very high as predicted 
(see next slide), starts at about 
60% and stabilized finally at 
around 90% 

GTot 

Geff 



Simulations for GEMs 
Did not find measurements for single THGEM and 
my simple simulations still not finished but there 
was an interesting talk by Purba Bhattacharya 
about simulation with single GEM (50 um thick). 

Linear 
extrapolation 

Hole field 
of LEM 

=> Simulations should consider worst case 
scenario of IBF of 0.5 to 1!  

Measurement by 
GDD (IEEE 
TRANSACTIONS 
ON NUCLEAR 
SCIENCE, VOL. 50, 
NO. 4, AUGUST 
2003) 



Possible Implications 
• Measurements in gas will provide IBF of LEM under close to real conditions 
 
• Measurements with LAr will provide  “ion gas to liquid transition probability” (IGLTP) 
 

This is no “Fun R&D” (like testing other MPGDs to get a gain of 22 instead of 

20) but could have serious impact on the design of WA105!  
 
Case: 
1. IBF < 10-20%: Safe and one continue as until now 
2. IBF >> 10% && IGLTP low: ions are transported by convection but charging up in the gas 

extraction region might be huge, especially for 6x6 m2 => Do we will need electrodes for the ions 
around each LEM? 

3. IBF >> 10%&&IGLTP high: ions go into the liquid and the field distortions will be enormous => Do 
we need a gate? How could it be realized?    

   



Photon results: 

Anode 

Liquid 

Bottom LEM 

Top LEM 

#Photons reaching liquid 
@ 3300 V about 160 



theta 

Gas: n= 1.005 

Liquid 
n= 1.45 



Correlations between charge and light 



Discrepancy between data and simulation: 

• simulated gain at 3300 V is around 7-8, while the reported 
one is about 65 (both before charging up) 
• Checked Magboltz gas file and it confirms that I simulated 1 
bar argon at 90 K.  
• Voltages reported when Garfield++ simulation starts are also 
agreeing with expectations 
• Beside of gain simulations give consistent results and fulfil 
expectations based on other studies 
• if boosting gain, amount of S2 is also boosted accordingly 
=> would be big problem 
 

• Could it be Photon-Feedback?  



• Photo Feedback well known process since decades 
• high energetic photons from S2, about 10 eV, “perfect” for PF 
• possible electrodes: Top and bottom of LEM 
• Bottom LEM: few photons in extraction gap per primary e but high electric 
fields to extract them and these could undergo full amplification process and 
therefore would have quite an impact on Geff => would double ions and 
photons roughly 
• TOP LEM: much more photons but lower E fields and only 2 mm direct 
way to anode => no additional ions, but possible additional feedback from 
released e, few photons would reach liquid (shielded by LEM) 

• same principle is used in RICH detectors 
• longer wavelength and therefore photosensitive 
coating but the principle is the same 
• for 128 nm this can happen without coating 



•Implications on gain curve: a) more gain 
than expected from exponential at lower 
voltages since even without amplification 
due to primary e which could produce PF in 
induction region b) positive feedback and 
change of mean photon production point 
towards induction gap should lead to over 
exponential for high LEM voltages =>  these 
features seem to be in ETH data 
• Implications II: gain should depend strongly 
on induction field => if extraction == 
induction field no PF => strong effect for 
GEM in pure argon reported as also over 
exponential gain curve  
 



● Over exponential also observed in EL study with THGEM 
● Simulated their geometry with argon and xenon 
● 1500 V agrees with argon data and 1500 + 1700 V with xenon 
● Divergence for higher voltages 
● Larger for argon 
● Expected for PF since less Xe S2 and less energetic 



• big effect on gain by doubling rim size 
• simulated this geometry and compared with 
40 um result 
• charge gain dropped by 40% but should 
have dropped by 80% 
• light gain also dropped by 40% 
• in addition probability for PF reduced due to 
larger rim 
• also shape of curve changed by rim  
• might be another hint for relevant PF in the 
system  



• in 1990 reported gains of 500 with single gain in 
pure argon 
• intereresting since measured pure argon and 
Ar:CO2 
• Ar:CO2 exponential behaviour, while pure argon 
not  
• CO2 highly absorbing for VUV photons 
=> Measurement of avalanche gain + PF (pure 
argon) and only avalanche gain (Ar:CO2) 



● PF must exist in this readout scheme 
● Widely described in early works 
● In “Feedback and Breakdown ..:” also 

over-exponentioal behaviour is described 
● In “Electron ionization ..:” the PF is 

attributed a higher gain at low voltages 
than expected 

● Open question is it the dominant gain 
production process? Or at least relevant? 
 



PF could and should be studied 
• could be simple setup 
• VUV light source, Xe lamp or EL detector, + detector with transparent meshes 
• anode mesh would have to read out 



Summary 
● Simulation results consistent and fulfill expectations 
● IBF very high as expected from GEM simulations by other groups 
● Problem: simulated gain much lower than observed one 
● Photon-feedback could explain the difference? Shape of gain curves 

certainly … hints towards this in results from 3 studies 
● If PF is dominanted factor for gain production, there is a big problem => 

highly sensitive to settings and gas quality => stable operation on large 
scale might be difficult with current design 

● But also might be an opportunity: there might be an optimized 
scheme with high gain with limited IBF and not pushing the voltages 
for avalanche gain to the limit 
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