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Introduction

• New high-energy experiments in accelerator machines require 
particle detectors to have high counting capabilities, high time 
resolution and high spatial resolution. These requests have a major 
impact on the design of gas detectors and on the electronic front end

• Increasing the counting capacity implies moving the amplification 
from the gas to the electronics which must have high gains and very 
low noise

• Increasing the time resolution requires very rapid multiplication 
processes in the gas, very intense electric fields, fast electronics and 
the measurement of the signal Amplitude for the correction of the 
rising time
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Diagram of Front-end

• Basic concept to move the gas gain to the amplifier gain to degrease ‹Q›  

Discriminator Digital partGas Amplifier

Front-endDetector

TDC-ADCGain 1 Gain 2 THRESHOLD



Gas and amplifier gain v.s. RPC working mode

Gain gas                RPC working mode                         Gain amplifier

• High gain                    Streamer                                               low gain

• Medium gain             saturation avalanche                           medium 

• Low gain                     avalanche                                               high

Increase amplifier gain decrease the average charge in the gas and 
increase  the RPC rate-capability





Problem to transfer the gain to the amplifier

• Amplifier parameter:
1) Amplification
2) Dynamic  
3) Noise

The limit to transfer the gas gain to the amplifier gain is the noise of the 
amplifier.
• We have tree type of noise :
1) Intrinsic noise (like thermal, 1/f, shot ……)
2) Induced noise ( Very large in big dimension)
3) Self induced noise (Low Impedance)



Minimum threshold whiteout
induced and self-induced noise



The noise

• The intrinsic noise is characteristic of the transistor and the circuit 
diagram

• The inducted noise can be reduced by the Faraday cage

• The self induced noise can be reduced by integrating front-end 
electronics and the detector 

• The intrinsic noise is the ultimate parameter limiting the low 
threshold operation in RPCs and gaseous detectors in general





200

0,2-0,4





Neutralization capacitance of pick-up

Souce signal

Streep-line or coaxial cable Z impedance

Matched Amplifier Z input impedance
CAEN Cardarelli

Im

Re

L

C

R



Actual threshold in ATLAS RPC  

• For the amplifier we have chosen BJT silicon transistors in trans-impedance diagram, the 
performances are:

• Silicon BJT                                                                                                           SiGe BJT               

• Amplification           10-100

• BW                            100MHz

• Intrinsic noise         4000 e- RMS                                                                  100-200 e- RMS

• Power                       1mW

• Input impedance    50-100 ohm

Performance obtained with our discriminator (L. Pizzimento’s Ph.D. thesis)

• The threshold is      1-2 fC 0.1-0.2 fC

Next

Next

working in progress collaboration 
with Ginevra University



RPC average current for different threshold

Streamer ARGO experiment

Saturated avalanche old ATLAS

Average current

avalanche

Gas voltage 

Saturated avalanche new ATLAS Silicon BJT

Mesfet GaAs 

Saturated avalanche SiGe BJT?

Threshold 40 fC

Threshold 2-3 fC

Threshold 0,2-0,4 fC
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Electrons valence evolution RCC and RPC
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Conclusions

• In future high energy and luminosity colliders the application of gas 
detectors requires a very low threshold obtained by moving the gas 
amplification to the electronics.

• SiGe bjt technology amplifiers show very low noise and are therefore 
very interesting.


