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Motivation 
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Increase the realism of RPC simulations 

• Better understanding of the electron swarm parameters in the typical RPC 

gas mixture (Freon/iso-butane/SF6) 

• Precise Avalanche statistics in a realistic way 

• Transmission-line characteristics 

 

Time resolution: 20 - 100 ps 

Efficiency: >90% 

Rate capability: ~ 50 kHz/cm2 

Potential position resolution: <50 μm  



Logic of my work 
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J. De Urquijo’s 

measurement of 

C2H2F4 

Magboltz 
AvalancheMC_

Garfield++ 

AvalancheMicroscopic_

Garfield++ 

Signal 

Waveforms 

Cross-section  

adjusted by Steve 

Export up-to-date 

parameters 

Simulate a PPC 

(results are shown 

in this report) 

Fit waveforms and 

obtain parameters 

Simulate a PPC 

(not done) 

Start here 



Experimental measurement: C2H2F4 

• J. de Urquijo 
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J. de Urquijo, et al., Eur. Phys. J. D 51, 241–246 (2009) 

J. de Urquijo, et al., 1999 J. Phys. D: Appl. Phys. 32 41 

J.L. Hern´andez-´Avila, E. Basurto, J. de Urquijo, J. Phys. D 35, 2264 (2002), and references therein 

Current fit 

Te 

Pulse Townsend technique 

The initial electrons were released by 

a UV flash.  

The displacement current was fitted by the expression: 



Brambring’s expression 
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Brambring J 1964 Z. Physik 179 532–8 

n0, initial electron number 

e0, electron charge 

d, gap width 

v-, drift velocity 

α, effective Townsend coeffecient 
D, longitudinal diffusion coeffecient 



Simulation in Magboltz 

• We have some confusion about the difference between MC and SST solutions (left 

figures). The original interpretation   was given in Sakai’s paper while we don’t know 

too much about Magboltz. 

• When simulating the typical RPC gas mixture (Freon/iso-butane/SF6), we have 

observed a disagreement between measurement and Magboltz (right figures). 
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Magboltz 8.9.7 

See my talk in the 10th RD51 collaboration meeting 

https://indico.cern.ch/contributionDisplay.py?sessionId=11&contribId=3&confId=179611 

MC solution 

SST solution 
RPC gas mixtures 

https://indico.cern.ch/contributionDisplay.py?sessionId=11&contribId=3&confId=179611


Simulation in Garfield++ 
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1. Define a PPC. The working gas is pure Freon.  

2. Simulate a number of avalanches with the class "AvalancheMicroscopic". The initial 

electrons are generated at the same position. 

3. Obtain the signal waveform from the cathode. The weighting field in garfield should 

be modified . 

4. Fit the signal waveform with Brambring's expression (Brambring J 1964 Z. Physik 

179 532–8). The fitting parameters represent ve, alpha, dl 

5. Compare the electron swarm coeffecients among different approaches 
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Signal waveforms and fitting results 
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Ne = 10000 

E = 1333V/cm 

P = 20Torr 

Gap = 2mm 

Ne = 5000 

E = 1778V/cm 

P = 20Torr 

Gap = 2mm 

Ne = 3000 

E = 2371V/cm 

P = 20Torr 

Gap = 2mm 

Ne = 1000 

E = 3162V/cm 

P = 20Torr 

Gap = 2mm 

Ne = 1000 

E = 4216V/cm 

P = 20Torr 

Gap = 1mm 

Ne = 1000 

E = 5623V/cm 

P = 20Torr 

Gap = 1mm 
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Comparison for Ve 
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Urquijo’s expression: 
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Brambring’s expression: 

Te 
Te = d/ve 

 is the electron 

transit time, 

The difference in velocity may come from 

the definition of the electron transit time.  



Comparison for Alpha* 
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Conclusion 

• AvalancheMicroscopic provides a precise simulation for the avalanche, 

We would like to use this class for generating the avalanche statistics.  

• We need high quality data of the RPC pure gas and mixtures. 

• I am trying to reproduce similar figures in H. Schindler’s paper (NIMA 

624 (2010) 78–84), but for RPC gas mixture.  

• … 

• New results will come soon. 
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Thanks for your attention 


