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CERN

We were in CERN and 
have built a telescope 
with students from 
Liceo Scientifico 
Gobetty (the detector 
stands in their school). 
There we’ve met the 
inventor of MRPC -- 
Crispine Williams.



Assembly



Results and statistics

Chamber comparison
You can see the difference between normal 
and just-done chambers. The first one 
basically triggers on one-two-strip events 
whereas non-purged chamber skips a lot of 
events (0 strips).
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Chamber’s efficiency
Efficiency grows fast at low voltages till 

some threshold then it becomes a constant, 
because the avalanche saturates.  

Primary clusters influence on the signal, 
because distance to anode is maximum and 
fluctuation of this distance is a main reason 
of maximum efficiency value decreased.



Dark current

Dark rate ‒ frequency of random electric impulses 
on the electrode, that does not linked with with 
incoming particles

Dark current ‒ is a sum of linear (non-ideal 
resistive dividers between electrodes) and 
exponential currents. By our hypothesize 
exponential growth of the dark current is result of 
the Malter Effect.



Avalanche’s charge

q = I / ν
Where ν ‒ frequency of dark current, 

and I ‒ dark current. Therefore, 
approximated quantity of electrons may be 
found by trivial formula :

N = q / qe = I / (qe * ν)



More about the Malter Effect
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Anode

Our hypothesis:  after positive  ions 
accumulated  on the dielectric surface  they 
create a strong double-layer electric field 
which cause emission of electrons, but not 
single, but in form of electron busts , Such 
bust were first observed in vacuum 
breakdowns and then also observed in the 
case of gaseous detectors

Malter Effect represents emission single  
electrons from cathode. Published 
mathematical model of those effect was 
based on Zimerfiled theory of field emission. 
Because of, the classical Malter Effect 
predicts single electron emission, one can 
speculate that it  can not be observed in RPC 
due to the small avalanche charge.
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How to prove
We can take primary RPC -- two metallic electrodes, preferably gold plated, turn it on in 
standard MRPC mode and measure the current between them. Then we can add the 
same spacers as on MRPC and observe the linear growth.
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Computer simulations are similar to a real data

Efficiency distribution on strips

Simulations

Reality Simulation



Computer simulations are similar to a real data
Efficiency distribution on plain

Simulations

Reality Simulation
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We have written a program, which goes through all possible tracks 
directions, generating parametric quantity of random dots on the 
imaginary layer (which is bigger than a chamber and located above 
the telescope) and counting differential geometric efficiency.



η = N / No = S / (ab) = (1 - d / a * tan(Θ) * |sinφ|) * (1 - d / b * tan(Θ) * |cosφ|)

Efficiency 



Simulation results
Simulation and Math Model



Total geometric efficiency
Eff
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where D is a distance between chambers



Miniature RPC



In total, we:

● Learned how RPC and MRPC works
● Mastered the MRPC technology and built a telescope
● Conducted a measurements of the main MRPC parameters: efficiency, dark current, 

dark rate
● Proposed explanations for the obtained dependencies
● Made a simulation of the triggered events number on each strip and compared it with 

the real data
● Measured the summary geometrical efficiency of a telescope
● Created the demo miniature of MRPC

Results
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Perspectives:
Participation of russian students in EEE project can be divided into four phases:

1) Public data analysis
2) Joining the EEE Project and creating our own telescope
3) Data collection,  processing and interpretation
4) Involvement of other schools in order to establish a Russian network of telescopes
5) Dark current study

http://aliceinfo.cern.ch/Public/en/Chapter2/Chap2_TOF.html
http://iopscience.iop.org/article/10.1088/1748-0221/11/12/C12056/pdf
https://www-sciencedirect-com.ezproxy.cern.ch/science/article/pii/S0168900298009620
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