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Resistive Plate Chamber (RPC) detectors are widely used at the CERN LHC experiments as muon
trigger thanks to their excellent time resolution. They are operated with a Freon-based gas mix-
ture containing C2H2F4 and SF6, both greenhouse gases (GHG) with a very high global warming
potential (GWP). The search of new environmentally friendly gas mixtures is necessary to reduce
GHG emissions and costs as well as to optimize RPC performance. Several recently available
gases with low GWP have been identified as possible replacements for C2H2F4 and SF6. In par-
ticular, eco-friendly gas mixtures based on the HFO-1234ze have been investigated on 1.4 and 2
mm single-gap and double-gap RPCs. The RPC detectors have been tested at the CERN Gamma
Irradiation Facility (GIF++), which provides a high energy muon beam combined with an in-
tense gamma source allowing to simulate the background expected at HL-LHC. The performance
of RPCs were studied at different gamma rates with the new environmentally friendly gases by
measuring ohmic and physics currents, fluorine radicals and HF production, rate capability and
induced charge. Preliminary results on the long-term effects on the performance of the detectors
are presented in this study.

European Physical Society Conference on High Energy Physics - EPS-HEP2019 -
10-17 July, 2019
Ghent, Belgium
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1. Introduction

The Resistive Plate Chambers (RPC) are gaseous particle detectors [1], employed at the CERN-
LHC experiments thanks to their time resolution and production costs. They are used at the AT-
LAS, CMS and ALICE experiments for the muon trigger systems. The detectors are operated with
a large fraction (between 90% and 95%) of C2H2F4 known commercially as R-134a. In addition,
4.5% iC4H10 and 0.3% of SF6 is used to operate the RPCs in avalanche mode. Both R-134a and
the SF6 are known to be Greenhouse Gases (GHG) with a Global Warming Potential (GWP) of
1430 and 22800 respectively. Despite the use of gas recirculation systems at the three experiments,
the ATLAS and CMS RPC systems account for the 87% of the CERN GHG emissions due to the
presence of leaks at detectors level [2] 1. Starting from January 2015 the European Union defined a
set of regulations [3] aiming at reducing the GHG emissions from fluorinated gases. The strategies
defined can be summarized in four main points:

• Restrict the placing on the market by reducing products availability of fluorinated GHGs.

• Ban the use of GHGs where eco-friendly alternatives are already available.

• Require regular and certified check controls on leaks for existing equipments.

• Require a recovery of the gases at the end of the equipments life.

The search for eco-friendly gas mixtures for RPCs operation plays therefore a central role in the
reduction of the GHG emissions and costs. Furthermore, the search for new gas mixtures may be
advisable for performance improvement of the detectors and gas systems operation.

1.1 The ECOGAS collaboration

The ECOGAS collaboration was born as a joint effort of the main LHC expeirments together
with the CERN gas team to study the HFO properties and search for HFO based gas mixtures
suitable for RPC detectors operations. The ECOGAS collaboration consists of the participation of
the ALICE, ATLAS, CMS and CERN Gas team.

2. HFO-1234ze as a replacements of R-134a

The search for new eco-friendly gas mixtures is particularly challenging for LHC systems as
several requirements must be fulfilled for the gas components to be suitable for the correct operation
of the detectors [4]. In particular, the gas mixture at the ATLAS and CMS experiments requires
that:

• The gas mixture must not be harmful for the human health, meaning that the mixture should
be of zero or low toxicity.

• The gas mixture must not be flammable or explosive in the atmosphere, although some com-
ponents taken alone may be flammable. In the ATLAS/CMS gas mixture some Isobutane
is present in such a quantity that it improves the detector operation while keeping the gas
mixture incombustible.

1A campaign of leaks reparation was scheduled for the LS2 phase and is currently going on
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• The detector working point should be compatible with the front-end electronics and power
supply systems that are currently being used.

A low-GWP gas in the family of the Hydro-Fluoro-Olefin (HFO) named HFO1234-ze was
developed as a possible replacement of R-134a in refrigerant applications. HFO1234-ze has a
GWP of 6 and falls within the category of low-flammability and low-toxicity gases. An addition
of a gas such as CO2, is required to keep the working point lower than 12 kV. A small amount
of Isobutane and SF6 is still required as their properties are necessary to reduce photon-feedback
effect, limiting the streamers pulses and ensuring the desired rate capability.

3. Setup

3.1 The Gamma Irradiation Facility (GIF++)

To conduct the study under LHC-like radiation the setup was installed at the CERN Gamma
Irradiation Facility (GIF++) [5]. The GIF++ is located at CERN a 137Cs of 14 TBq is installed
inside, giving the possibility to simulate the conditions foreseen during the High Luminosity LHC
(HL-LHC). A system of absorption filters (ABSs) made out of lead can be used to adjust the
intensity of the radiation, i.e. the rate of photons impinging the detectors.

Figure 1: Irradiation field of the GIF++ [5]

3.2 Experimental Setup

For the present study a dedicated setup was used. The setup can be divided into three main
parts: the detectors together with the mechanical frame inside the GIF++ bunker; the power supply
systems and electronics readout; the gas supply system. The detectors were built out of High
Pressure Laminate (HPL), commonly referred to as bakelite. Table 1 shows the RPCs dimensions
and gap types used for the experimental setup. All the chambers were installed in vertical position,
facing the source, on a single mechanical support frame.

A dedicated gas mixer, located in the gas service room, was used to send the gas mixture to
the detectors. A humidifier module was also installed to keep the gas mixture humidified at 40%
of relative humidity to ensure a stable resistivity value of the electrodes [6]. The gas was then sent
in the bunker and the main input line was split into several different lines, one for each chamber.

4. Characterization of the gas mixture

The detectors were first operated using the ATLAS and CMS gas mixture (also referred to
as standard gas mixture in the following) and the performance were compared against a mixture

2
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Chamber name Gap [mm] Thickness [mm] Type Area [cm2]

CMS-RPC 2 2 Double gap 7000
CMS-iRPC 1.4 1.4 Double gap 7000
ATLAS-2-0 2 2 Single gap 500
ALICE-2-0 2 2 Single gap 2500
EPDT-RPC3 2 2 Single gap 7000

Table 1: Detectors used for the experimental setup

of HFO/CO2/iC4H10/SF6 45/50/4/1, referred to also as ecogas mixture. Figure 2 (a) shows that at
fixed background rate the knee of the ecogas mixture is 1.8 kV higher than the one of the standard
gas mixture.
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Figure 2: Comparison of the Standard Gas Mixture against the ECOGAS mixture

A measure of the accumulation of fluorine radicals and HF formation inside the chambers
was conducted by analysing the exahust gas using the Ion Selective Electrode (ISE) method [7] by
letting the return line of the gas bubble into a TISAB II solution and using the electrodes to read the
F− concentration. The flow rate was kept constant while the ABS filters were changed. Figure 2
(b) shows that the rate of F− production for the ECOGAS mixture is about two times higher than
the Standard Gas Mixture when the currents have the same value, indicating that the HFO molecule
breaks more easily than the R-134a molecule when detectors are under irradiation.

5. Aging test

In this study, the long term performance of the detectors with the ecogas mixture under irradi-
ation were evaluted. Figure 3 (a) shows the trend of the dark currents at 3 kV2 for the majority of
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(a) Dark current of the RPCs during the irradia-
tion period
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(b) Trend of the dark currents for the ECO-
GAS chambers

Figure 3: Irradiation campaign and recovery test performed on the ecogas chambers

the rpc chambers during the irradiation campaign. The plot reveals that there is an increase in dark
currents of about 1-2 order of magnitudes after 30 days of irradiation. To confirm the correlation
between the increase of the currents and the irradiation, chambers were lowered at a voltage of 3
kV so that the contribution of the photons was negligible. A decreasing trend in the currents could
be observed for most of the chambers as shown if Figure 3 (b). An hypothesis an increase of the
flow could help mitigate the accumulation of impurities at surface level of the chambers, lowering
the absorbed currents.

6. Conclusions

The search for alternatives to R-134a for RPC detectors used at LHC experiments is a chal-
lenge as the gas mixture should be compatible with the electronics systems and should not induce
a regression in the performance of the detectors. HFO has a low GWP and could be suitable for
the RPCs if operated together with the addition of CO2 to lower the working point. Preliminary
studies on the aging effects of the HFO-based gas mixtures were started and the long-term effects
on the RPC detectors are currently being evaluated. The effects of the radiation on HFO resulted
in a higher production of fluorine radicals and HF inside the gaps with respect to the R-134a. The
RPCs performance were studied at different irradiation conditions and the aging test on the cham-
bers was started. An increase of the dark currents was observed during the irradiation campaign. A
recovery test was made by operating the detectors at low voltages and by flushing the chambers at
higher flow rates. A decrease in the currents was observed: this seems to indicate that the detectors
should be operated at higher flow in order to reduce impurities accumulation inside the chambers.
Studies on different compositions of the gas mixture together with different flow conditions of the
chambers have to be studied as they could improve the aging effects.

2The value of 3 kV was chosen as a reference value of the ohmic currents in the present study.
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