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Resistive Plate Chambers in HEP
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1981, the 1st RPC ever
DPF Instrumentation Award 2018 assigned to 
Prof. R. Santonico from the APS

Since then, RPC technology has been largely used in HEP … 

a few examples from the Past

Nadir – 120 m2 (Triga Mark II – Pavia)

Fenice – 300 m2 (Adone – Frascati)
WA92 – 72 m2 (CERN SPS)
E771 – 60 m2 (Fermilab)
E831 – 60 m2 (Fermilab)
L3 – 300 m2 (CERN-LEP)
BaBar – 2000 m2 (SLAC)
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• excellent time resolution
• high space resolution
• high detection efficiency
• robustness and ease of 

construction
• low cost per unit area

… and has been continuously improved, aiming at more and more challenging applications  

Resistive Plate Chambers in HEP

ATLAS
≈4000m2

ALICE
≈140m2

CMS
≈3000m2
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a few examples from 
the (HL-)LHC@CERN

LHCb U2
option for R4
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In HEP RPCs are tipically operated in avalanche mode, with the so called 

“standard” gas mixture: C2H2F4 (> 90%)/ i-C4H10 / SF6

Gas gap
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‘Standard’ gas mixture for RPCs
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In HEP RPCs are tipically operated in avalanche mode, with the so called 

“standard” gas mixture: C2H2F4 (> 90%)/ i-C4H10 / SF6

- high density target
→ high density of primary ion-e- pairs

→ high detection efficiency

Gas gap
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‘Standard’ gas mixture for RPCs
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In HEP RPCs are tipically operated in avalanche mode, with the so called 

“standard” gas mixture: C2H2F4 (> 90%)/ i-C4H10 / SF6

- good quenching properties + 
  electronegativity
      →  good rate capability 
      → ‘slow’ detector aging

Gas gap
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‘Standard’ gas mixture for RPCs

Gas GWP* values 
100-year time horizon

CO2 1

C2H2F4 1430

SF6 22800

a perfect match, BUT…

*Global Warming Potential = measure of the heat trapped in the 
atmosphere by a ton of a given gas, if compared to a ton of CO2
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EU F-gas regulations, and CERN
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• adopted on 7 February 2024 and started to apply on 
11 March 2024

• first goal: reduction of 55% GHG emissions by 2030 
compared to 1990 levels

• total elimination of hydrofluorocarbons by 2050
• new restrictions in the use of SF6 and others high 

GWP gases 

F-gas Regulation (EU) 2024/573
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current strategy to optimise the use of gases in the 
experiments:

- gas recirculation
- gas recovery 
- the search for more environmentally friendly alternatives to 
the gases currently used in particle detection

https://eur-lex.europa.eu/eli/reg/2024/573/oj
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Towards green RPC detectors

Strong need for an alternative eco-friendly gas mixture, 
for RPCs, with similar performance wrt the standard one
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CO2

GWP 1

Several gas mixtures have been tested by the RPC 
ECOGas@GIF++ Collaboration to find a complete 
alternative to C2H2F4. 

Two of them have shown to be very promising:
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Set-up at CERN GIF++ facility

CERN Gamma Irradiation Facility (GIF++)
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R&D activities at CERN GIF++

May 2025August 2022July 2022 July 2023 . . . . .

ECO2 ageing 

campaign 

on-going…

Beam Test @ GIF++

Performance baseline

Beam Test @ GIF++

Performance comparison

Ageing campaign

Start of the RPCs ageing 

campaign with ECO2 at 

GIF++, ABS 2.2

. . . . . July 2024

Beam Test @ GIF++

Performance comparison
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Baseline performance

ATLAS@HVknee

more details here and here

https://epjc.epj.org/articles/epjc/abs/2024/03/10052_2024_Article_12545/10052_2024_Article_12545.html
https://link.springer.com/article/10.1140/epjc/s10052-024-12907-2?fromPaywallRec=false
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Ageing campaign

more details here

• since august 2022, weekly irradiation at ABS 2.2 
      (except TB periods)
• each detector is operated at its own fixed HV

• continuous monitoring of i-HV values
• weekly source off scan to evaluate relevant current 

density values (dark/physics)
• weekly estimation of integrated charge density

• systematic resistivity monitoring (2-3 times/year)

https://epjplus.epj.org/articles/epjplus/abs/2025/01/13360_2024_Article_5773/13360_2024_Article_5773.html?mb=0
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long-term performance

more details here
SHiP/LHCb, Source OFF

SHiP/LHCb, ABS 2.2

https://zenodo.org/records/15005342


Conclusion 
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• In HEP Resistive Plate Chamber detectors are usually operated in avalanche mode with a
high performance- high GWP gas mixture, based on C2H2F4 and SF6

• Since 2019 the RPC ECOGas@GIF++ Collaboration is carrying on an intense R&D activity,
searching for new eco-friendly gas mixtures for RPCs and assessing their performance in
different irradiation condition on a long-term time scale

• HFO+CO2 based gas mixtures (ECO2 and ECO3) were selected and underwent long-term 
stability studies

• During a 3 years-long ageing campaign, O(100 mC/cm2) have been integrated by
different detectors. Current results show ECO2 and ECO3 are suitable for middle-rate
applications and can be a good compromise at LHC

•  A new R&D phase is in the pipeline, focussing on eco-friendly alternatives SF6-free and
appropriate for very high-rate applications
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Backup 
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Avalanche
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