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Resistive PlateChambers
Gaseousdetectors widelyemployedin HEP 
experimentsfor triggeringand particleID purposes:
Å low costper unit area;
Å high efficiencyand time resolution;
Å easeof constructionand robustness.

Total area currently
coveredby RPCsat
the LHC experiments: 
~104 m2

RPCssuccessfullyoperatedwith a «standard» gas mixture, a «perfect» balance between: 
R134a (>90%) / iC4H10 / SF6 (<1%) 

R134a and SF6 are greenhousegaseswith high Global WarmingPotential*
*measure of the heat trapped in the atmosphere by a ton of a given gas, if compared to a ton of CO2

GWPR134a= 1430
GWPSF6= 22800



The sale and the use of Fluorinated greenhouse gases 
(GHG) have been limited in EU [EU F-gas regulation
2024/573]:
Å -55% GHG emissions by 2030 w.r.t. 1990 
Å elimination of HFCs (such as R134a) by 2050

Å CERN committedto reducingGHG emissions[CERN 
enviromentalreport] 
Goal: -28% by the end of LHC RUN3.
Strategies include the searchfor new eco-gas mix. 

The Fluorinated GHG availability is being reduced and 
their price is increasing.

Greenhousegases

Amount of GHG 
HFCssoldin EU

RPC groups from ALICE, ATLAS, CERN Gas team, CMS, 
LHCb/SHiPhave joint efforts in the RPC ECOGAS@GIF++ 

Collaborationto study alternative eco-gases for RPCs 
with low GWP, low toxicityand flammability

guaranteeingdetector performance comparablewith std

B.Mandelli
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CERN GHG 
emissions

https://eur-lex.europa.eu/eli/reg/2024/573/oj
https://environmentreports.web.cern.ch/environment-report-2023-2024/
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Eco-friendly gas mixturesfor RPCs

Severalalternative eco-friendlygas mixturestested. Verypromisingresultsobtainedwith:

R134a, GWP=1430HFO-1234ze, GWP=6 ECO2: 
35% HFO / 60% CO2 / 4% iC4H10 / 1% SF6 

ECO3: 
25% HFO / 69% CO2 / 5% iC4H10 / 1% SF6
both with GWP reducedby 1/3 w.r.t. std

+
CO2 , GWP=1 

137Cssource

µ

4

Aegingcampaignstartedin 2022 at the 
Gamma IrradiationFacility(GIF++) [see
DƛǳƭƛŀΩǎtalk]:
Å Different RPCsflushedwith ECO2 

continuously irradiated with a 
background rate of several hundreds of 
Hz/cm2. 

Å Total integrated charge between 
~100mC/cm2 (ALICE) and ~350mC/cm2 

(LHCb/SHiP). After 50-100mC/cm2, 
currentsincreasedand showed
fluctuations-> electrodedegradation?

https://indico.global/event/16058/contributions/154207/
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Electrodesurfaceinspection
TwoRPCsopened and 
internal HPL electrode 

surfaces examined. 

LHCb/SHiP

RPC dimension (cmxcm)gap thickness (mm)electrode thickness (mm)total integrated charge

ALICE 50 x 50 2 2 ~100 mC/cm2

LHCb/SHiP 70 x 100 1.6 1.6 ~400 mC/cm2

100 cm

18 cm

350
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Electrodesurfaceinspection

Three «big burns» with a counterpart

3 «big burns» with 
their counterpartson 
the other side, with 
many«tips» 
connectingthe two
electrodes

LHCb/SHiP
(~350mC/cm2) 
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Electrodesurfaceinspection

LHCb/SHiP(~400mC/cm2)
negative electrode

Three «big burns» with a counterpart

Severaldefectsmainly
concentratedon the negatively
polarizedelectrode

LHCb/SHiP
(~350mC/cm2) 

Similar«defects» observedalsofor the ALICE RPC (~100mC/cm2), without «big burns».



Liliana Congedo ςSustainableHEP 2026 8

SEM analysis
In order to analyzethe morphology and chemical composition of defects and burns, analyses 

with Scanning Electron Microscopy (SEM) and Energy-Dispersive X-ray (EDX) spectroscopy 
performed.

Reference sample: at the chamber
corner, not superimposedto the gap
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Spectrumanalysis: methodology

Å Spectrumcleaning:
Apply a SavitzkyςGolayfilter in 
order to smooth noise.
Compute and subtractthe baseline 
usingthe ALS (asymmetric least 
squares).

Å Findthe peaksand local minima to 
define peak boundaries.

Å Match peaks to elements:
For each element, split its emission 
lines into K and L lines and check if 
detected peaks fall within ±20 eV of 
those lines

Å Integrate peak areas and estimate 
relative concentrations: 
(element area / total area) * 100

Whatcompositionisexpectedfor the electrodes?
High Pressure Laminatecoatedwith linseedoil

multilayer paper structure 
impregnated with synthetic resin: 
Main elements: C, N, O, H
+ tracesof S, Si, Na due to 
additivesusedduringproduction.

C, O, H

NB H is not 
observable with 
EDX
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SEM analysis- reference

BES mode (backscatteringelectrons): 
info on materialuniformity SE mode: info on morphology

Reference sample

Compositionasexpectedexceptfor the
fractionof F: gas contamination? The 
decompositionof F-richgas molecules(suchas
HFO) could led to the production of  fluoride (F-).

C (%) N (%) O  (%) F  (%) Na (%)

EDS spot1 72.1 ± 0.6 1.89 ± 0.07 18.5 ± 0.2 2.8 ± 0.09 4.8 ± 0.1

EDS spot2 69.5 ± 0.5 2.70 ± 0.08 25.1 ±0.3 0.93 ± 0.05 1.79 ± 0.06
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SEM analysisςdefects(negative el.)
White powder

Different
morphology, 
similar
considerations
for the other
defects

More than 95% of 
the content isdue 
to Na and F.

C (%) O  (%) F  (%) Na (%) Si(%) S(%)

EDS spot11.10 ± 0.02 0.98 ± 0.02 62.6 ± 0.2 34.8 ± 0.1 0.279 ± 0.0090.220 ± 0.008

EDS spot20.72 ± 0.02 / 62.7 ± 0.2 36.6 ± 0.1 / /

EDS spot31.02 ± 0.02 1.04 ± 0.02 62.2 ± 0.2 35.3 ± 0.1 / 0.42 ± 0.01

EDS spot41.53 ± 0.02 1.03 ± 0.01 53.9 ± 0.1 42.5 ± 0.1 0.62 ±0.01 0.43 ± 0.01

EDS spot50.89 ± 0.02 1.14 ± 0.02 59.7 ± 0.1 37.7 ± 0.1 0.40 ± 0.01 0.139 ± 0.006

EDS spot60.68 ± 0.02 1.07 ± 0.02 73.34 ± 0.3 24.4 ± 0.1 / 0.46 ± 0.02 

EDS spot71.55 ± 0.03 1.12 ± 0.02 55.4 ± 0.2 41.9 ± 0.2 / /

EDS spot8 / / 67 ± 1 33.4 ± 0.8 / /
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SEM analysisςdefects(negative el.)

burn

MainlyC,O,F.
Different
morphologies
observed, similar
content

C (%) O  (%) F  (%) Na (%) S(%)

EDS spot1 38.4 ± 0.2 20.7 ± 0.1 36.2 ± 0.2 2.06 ± 0.04 2.71 ± 0.04

EDS spot2 39.6 ± 0.2 24.1 ± 0.1 32.7 ± 0.1 1.52 ± 0.03 2.06 ± 0.03

EDS spot3 37.9 ± 0.2 17.22 ± 0.09 42.2 ± 0.2 1.06 ± 0.02 1.62 ± 0.03

EDS spot4 37.5 ± 0.2 21.9 ± 0.1 35.8 ± 0.2 2.68 ± 0.03 2.16 ± 0.03
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SEM analysisςburns(positive el.) 

tips

internal

Similarcomposition: mainly
C,O,F with C concentrated

expeciallyon the tips.

C (%) N  (%) O  (%) F (%) Si(%) S(%)

EDS spot3 71.3 ± 0.3 1.12 ± 0.03 9.00 ± 0.08 16.3 ± 0.1 / 2.28 ± 0.04

EDS spot4 65.5 ± 0.3 1.25 ± 0.03 8.75 ± 0.09 21.4 ± 0.1 0.38 ± 0.02 2.79 ± 0.05

EDS spot6 72.5 ± 0.3 1.19 ± 0.03 8.25 ± 0.07 16.49 ± 0.1 0.112 ± 0.007 1.44± 0.03

C (%) N  (%) O  (%) F (%) Si(%) S(%)

EDS spot1 47.1 ± 0.2 1.89 ± 0.03 17.2 ± 0.1 32.5 ± 0.1 / 1.32 ± 0.03

EDS spot2 56.3 ± 0.2 3.37 ± 0.04 15.12 ± 0.0923.5 ± 0.1 0.189 ± 0.009 1.53 ± 0.03

EDS spot5 41.8 ± 0.2 2.04 ± 0.03 23.0 ± 0.1 31.7 ± 0.2 / 1.46 ± 0.03



Liliana Congedo ςSustainableHEP 2026 14

Conclusionand outlook

An ageing test campaign of RPCs operated with the new eco-friendly gas mixtures basedon HFO/CO2 was 
carried out from 2022 to 2025 at the GIF++:
Å The total chargeintegratedby the RPCsrangedfrom ~100mC/cm2 (ALICE) to ~350mC/cm2 

(LHCb/SHiP).
Å After severaltensof mC/cm2, currents increased and showed fluctuations, suggesting a possible 

degradation of electrode surface.

ALICE and LHCb/SHiPRPCs electrodes inspected:
Å aŀƴȅ ŘŜŦŜŎǘǎ ƻōǎŜǊǾŜŘΣ ƛƴŎƭǳŘƛƴƎ άǿƘƛǘŜ ǇƻǿŘŜǊέΤ
Å Big burns found on both electrodes of thehighly irradiatedLHCb/SHiPRPC, including tips that could 

generate local short-circuits connecting the two electrodes.

Furtheranalyseswith SEM and EDX:
Å A significantfractionof F isspottedeverywhereexceptfor ref
Å White powderdefectscomposedof Na and F (>95%)
Å Burns mainlycomposedof C,O,F
Å Differentmorphologiesobserved

Furtheranalysesongoing:
Å White powderseemsamorphous;
Å Burns are composedof different parts: the «black» visibleoneisamorphous(probablyC) and is

embeddedwith further phases. XRD analysisongoingto studytheir crystallographicstructures.



Å High density of primary ion-electron pairs:
high RPC efficiency

Å Goodquenching propertiesand electronegativity
good rate capability and άǎƭƻǿέ detector ageing

However, R134a and SF6 are FluorinatedGreenhousegases(F-gases) havinghigh Global 
WarmingPotential (GWP)*
[e.g. the maincomponent for standard gas mixture (R134a) hasGWP ashigh as1430]

*measure of the heat trapped in the atmosphere by a ton of a given gas, if compared to a ton of CO2

R134a (>90%) iC4H10 SF6 (<1%)
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«Standard» gas mixture for RPCs
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Ageingstudy

137Cssource

In order to validate the new eco-gas, an aegingcampaignwasstartedin 2022 at the Gamma 
IrradiationFacility(GIF++):

Å SeveralRPCswith different features
flushedwith ECO2, switched on at 
fixed HV (irradiation voltage) value
and continuously irradiated with a 
background rate of several hundreds 
of Hz/cm2

ÅWeekly current vs HV scan to monitor 
the absorbed current without 
irradiation (dark current)

Å Calculation of the chargeintegrated
by eachRPC under irradiationfrom 
the current flowing through the gas:  
Itot - IOhmic

Å Periodicalbeamtestswith muonsto 
assessthe performance of RPCs

µ

IOhmic: Ohmic
current (could 
flow through 
other conductive 
paths in the 
detector)
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Ageingstudy: results
Å Between ~100mC/cm2 (ALICE) and 

~350mC/cm2 (LHCb/SHiP) integrated.

Å After 50-100mC/cm2 of integrated 
charge, both total and Ohmic
currents increaseand show 
fluctuations. 
Hint of degradation of the internal 
surfaces of the detectors?


