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• Avalanche saturation  
• Atlas RPC summary
• Applications to neutrino physics: Opera



The saturated avalanche 

• There is experimental evidence evidence 
that the RPCs, in their operating point, 
work in a saturated avalanche mode:
– The charge distribution, that is peaked at 

zero at low voltage, become more gaussian-
like well inside the efficiency plateau

– The prompt and the total charges show an 
exponential increase at low voltage and a 
linear increase well inside the efficiency 
plateau 



Prompt Charge for different % of SF6 
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The saturated avalanche (2)
• The grow of the avalanche is normally described 

with the Townsend equation                               
dN/dx = α N

• The space charge produced by the avalanche 
shields the applied field and avoids the 
exponential divergence. For αx=20 the applied 
field is completely shielded

• The saturation due to the space charge can be 
explaned by the Townsend equation assuming 
that the coefficient α=α(E) is field dependent



The logistic equation

• Another possibility is to introduce in the 
equation a quadratic term –βN2 which 
accounts for the correlation among the 
avalanche electrons

dN/dx = αN – βN2 

• The solution of this (logistic) equation is
N=K/{1+ (K/N0 -1)e-αx}

with   K= α/β and      N0=N(x=0)



The logistic equation (2)
• When N approachs K the system saturates and K is the 

asymptotic number of electrons in the avalanche



• According to the 
logistic model the 
average charge can 
be fitted with the 
function:
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• Simultaneous 
acquisition for:
– Prompt charge pulses on 

the readout strip 
– Total charge on the 

detector cathode.

• The pulse acquisition is 
triggered by the 
scintillator  coincidence

• The results refer to 
different operating 
voltages
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Qtot/Qprompt vs Qprompt scatter plot
Plot of Qtot and Qtot to Qprompt ratio vs. Qprompt 
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• The logistic equation was introduced to 
describe the development of a biological 
population in presence of a finite amount 
of food resources

• In our case the finite resource is the 
electrostatic field energy available to 
sustain the avalanche growth 
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RPC for neutrino physics: test of 
Opera

• Gas system (preliminary):
– Ar/C2H2F4/I-C4H10/SF6 = 75.4/20/4/0.6
– Premixed bottles (<4 days autonomy at 5 

refills/day)
– No exhaust, as gas flow (~0.1 m3/h) << air flow 

inside Hall C (~10000 m3/h)



Preliminary tests (I)
Before starting underground let’s fix the working voltage and 
thresholds with cosmic rays at external GS lab……

5.6 kV = working point

Threshold:
1. Not too low noise
2. Not too high low efficiency

150 mV on preamp output seems a good 
choice for horizontal FE boards, but….

Horizontal FE boards



Counting rates (I)

Horizontal Vertical

Counting rates:
• at 5.6 kV are about 17 Hz/m2 (1.2 kHz/layer)
• Slightly lower for vertical strip planes
• Good uniformity among different layers



Currents

Very low currents, 
also at low voltage

Current at 
V=5.6 kVOhmic

current 
slope

Layer 20 - row n.1

(1 row = 3 RPCs)

All 28 tested rows



Selected events: single muon
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Selected events: single muon
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Selected events: dimuon
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Selected events: muon bundle
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Test set-up (additional)

Each layer is composed by 
7*3 RPCs:

1 row = 3 RPCs
1 layer = 7 rows = 21 RPCs
4 layers = 28 rows = 84 RPCs

Row n.1

Row n.2

Row n.3

Row n.4

Row n.5
Row n.6

Row n.7
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