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𝑄 𝑉 = ln 1 + 𝑒𝑎 𝑉−𝑉0

Integral logistic growth
G. Aielli et al NIM A 508 (2003) 6–13

𝑄 𝑥 = ln 1 + 𝑒𝛼𝑥

• 1 – 4 TO TENS

• 5X1010 – 5X1012

• 2 M2 – 0.1 M2

• 104 – 5X102

• 300 PS – 30 PS

Feature             RPC vs MRPC
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Gaseous target and 

multiplication coincide 

prompt 
avalanche →

high time 

resolution and 

efficiency

Very variable avalanche 

dynamic range

Inefficient charge 

collection (Ramo)

High average <Q> →

limitation in rate capability

Classic design recipe: “low” 

resistivity electrodes + 

electronegative gases+ 

sensitive electronics

Continuous resistive electrode 

structure

Simple and robust 

construction

Spark free

Low cost

Easy to scale single 

module dimension to a 

few m^2 at constant 

unit cost and 

complexity

No micro-

structures helping 

to define the 

avalanche 

growth space



•

•

• Q R

[Q R ]

•

•

• R

1/30/2024Giulio Aielli - 1st DRD1 collaboration meeting 4

1mm gap ATLAS upgrade
Resistivity → 5*1010

Noise → 4000 e-
ABS3.3 at GIF++ → ~10 kHz/cm2

• REDUCTION OF <Q> IMPROVES RATE CAPABILITY

AND LONGEVITY AT THE SAME TIME

• BY IMPROVING THE S/N ON THE FE ELECTRONICS

• BY IMPROVING THE SIGNAL COLLECTION EFFICIENCY

Keeping the gas clean is the key to preserve the electrode longevity

• LOWERING R IMPROVES RATE CAPABILITY ONLY

• LOWER RESISTIVITY MATERIALS

• THINNER ELECTRODES

• ACHIEVING HIGH RATE BY BRUTE FORCE REDUCTION OF R 
(WITHOUT REDUCING AT THE SAME TIME THE E FIELD) MAY

LEAD TO INSTABLE DETECTORS

State of the art
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FFC TARGET → improve by a further order of magnitude by increasing S/N

Thinner gap → better Q/q (https://doi.org/10.1088/1748-0221/11/07/P07014) P
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 Last generation SiGe etero-junction technologies (fT

0.7 THz) announce a further x 10 leap in the FE → 500 

e- noise reduction 

LHC → 30pC (50 fC)

HL-LHC P1 → 5pC (4fC)

HL-LHC → 1-2 pC (1-2 fC)

For further 

exploiting the 

electronics:

• Faster 

avalanche

• Very efficient 

grounding

1mm gas gap
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FFC TARGET → improve by a further order of magnitude by lowering R
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• 10.1088/1748-0221/15/12/C12004

Seamlessly 

achieved 40 kHz 

•
Q

•

•

•

10.1016/J.NIMA.2006.12.027, 10.1016/J.NIMA.2010.08.076, 10.1016/J.NIMA.2020.163483, 10.1088/1748-
0221/14/09/C09007, HTTP://CDS.CERN.CH/RECORD/2319919

https://doi.org/10.1088/1748-0221/15/12/C12004
http://cds.cern.ch/record/2319919


• MRPCS ~30 PS RPCS ~300 PS
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•

10.1016/J.NIMA.2008.06.013

•

•

HTTPS://KT.CERN/TECHNOLOGIES/PICOTDC

•

•

•

ARXIV:2005.03903V1 [PHYSICS.INS-

DET] 8 MAY 2020

https://kt.cern/technologies/picotdc
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(10.1088/1748-0221/7/11/P11012)
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A NEW IDEA

•

R. Cardarelli et Al. Track resolution in the RPC 
chamber NIM A572, vol. 1 170-172 (2007).

•

•

•

10.1088/1748-0221/11/11/C11008
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10.1088/1748-0221/15/12/C12004
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t1

t2

t0

x1

x2

∆𝑥1 = Τ𝑣 2∆𝑡
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•
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•

G. Aielli et al 2017 JINST 12 C01057

https://doi.org/10.1088/1748-0221/15/12/C12004
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(1) Brevetto in Italia N. 102020000002359 (submitted to INFN 10 Sept 2019  - deposited to Ufficio Brevetti  6 Feb 2020)

INFN – "ELETTRODO PIANO A RESISTIVITÀ SUPERFICIALE MODULABILE E RIVELATORI BASATI SU DI ESSO."



WARPED
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All RPC features have been stretched in all direction except two apparently fundamental ones

• The atmospheric pressure operation

• The electric field uniformity
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First test in 

Roma2 

lab

R. Cardarelli “Future RPC developments”, RPC2020 Roma 10-14 /02/2020 proceeding on JINST
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ALL VERSIONS OF RPC TECHNOLOGY HAS PROVEN IN THE LAST 30 YEARS TO BE A FUNDAMENTAL

BUILDING BLOCK OF MODERN EXPERIMENTS.

THERE ARE CHALLENGES WHICH MUST BE FACED TO FULFIL FUTURE EXPERIMENTS NEEDS

•

•

•

•

•

•

•

RPCS DEVELOPED ENORMOUSLY IN THE LAST 30 YEARS AND SHOW AN EVEN LARGER POTENTIAL


