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Abstract

Studies of radiation influence on Resistive Plate Chambers for the CMS experiment
operated on an ecological friendly gas mixture for the LHC High Luminosity Update

The Large Hadron Accelerator at CERN and its four big experiments (ATLAS, CMS, ALICE,
LHCb) have been successfully in operation for the last decades. During this time, many
fundamental observations and discoveries have been made; among these highlights is the
experimental discovery of the Higgs Bosson in 2012, which was followed by the Nobel prize
in physics.

In order to move further, it is essential to increase the luminosity of the LHC up to e+34
cm”-2/s. This allows an increasing probability of proton collision by one order of magnitude
and, as a consequence, increases Higgs Bosson production yield. On the one hand, the high
luminosity update is crucial to increase the scientific potential of the accelerator and
opening doors for studying the properties of Higgs Bassoon and increasing the potential for
further discoveries. By another hand, it is a huge challenge for the LHC experiments to
coop with increasing radiation background while maintaining or increasing particle
determination effectiveness by various types of detectors.
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The research topic of the thesis studies the influence of high radiation on Resistive Plate
Chamber (RPC) performance and the determination of a new environmentally friendly gas
mixture for the high luminosity LHC. The estimated noise induced by high radiation
background in the RPC detector is about 600Hz/cm”2, and the integrated charge value
reaches 840 mC/cm”2. The research interest in eco-friendly gas is motivated due to the
recent restrictions deriving from the application of the Kyoto protocol; the main
components of the gas mixtures presently used in the Resistive Plate Chambers systems of
the LHC experiments have high Global Warming Power (GWP) and for this reason, will be
most probably phased out of production in the coming years.

The currently RPC system of the CMS experiment is effectively operational with a three-

component gas mixture which has the following compounds: Tetrafluoropropene -

(C2H2F4) 95.2% that enhances primary ionisation caused by charging particles. 4.5%

Isobutane (iC4H10) acts as a quencher gas to reduce streamer formation, and 0.3% Freon

SF6 in order to control the background electrons produced from secondary ionisation to

clean the signal.

The main goal of this work is to research the influence of high radiation on RPC detector

performance when the detector is operated on an alternative eco-friendly gas mixture by

determining key parameters like gain, noise, efficiency and time resolution as a function of
gas mixture and background radiation dose.

The main work of this research has been performed at Gama Irradiation Facility ++ (GIF++)

and CMS RPC high technological laboratory in building 904 at CERN in 2018-2022 years.

The research steps and main achievements are summarised as follows:

e Research and develop two prototype RPC detectors with 1.4mm and 2.0 mm resistive
plates. That included studies and selection of detector building materials. The prototypes
were equipped with low and high voltages as well as a gas system. These prototype
detectors played a key role in the determination of the optimal compound of the new
eco-friendly gas mixture. R&D studies were carried out with both prototype detectors.
That way, I could minimise systematic experimental errors and enhance the significance
of the final results.

e At the second stage of the research, prototypes were equipped with PETIROC based
ASICs. The readout system has been optimised by the OMEGA group for multigap RPC
detectors, providing a time resolution of the order of picoseconds. A significant
improvement has been made in signal readout design. This time analogue signals from
both ends of the strips have been connected to the ASICs. By this approach, I could
increase muon counting efficiency while minimising fake triggering effects by requiring
coincidence logic to these signals from the same strip.

e The third stage of the work was dedicated to qualifying prototype detectors and
determining their optimal performance parameters using the standard gas mixture of the
CMS experiment, that is 95.2% tetrafluoromethane (C2H2F4) responsible for primary
ionisations caused by charged particles, 4.5% Isobutane (C4H10) that acts as quenching
gas to prevent streaming mode, and 0.3% sulfide hexafluoride (SF6) which is preventing
the formation of secondary electors and maintaining the primary ionisation signal
cleaner. Measured performance parameters later have been used as reference values for
comparison to the same parameters obtained from various mixtures of new gases. For
qualification following parameters were determined: gain coefficient as a function of
HYV, efficiency as a function of HV and current, i.e. excess noise count as a function of
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HV. And last but not least, count rate of cosmic ray muons oper square centimetre.

In the fourth stage of the research, I was focused on the determination of an optimal
mixture of eco-friendly gases. The main attention has been paid to identifying which
new gases should be a good alternative and what would be the right proportion in order
to not compromise detector performance. In this way, several different compounds have
been considered and experimentally tested aiming to reduce 95.5% fraction of the
C2H2F4 to a minimum level or substitute at all. As an outcome of three years of work, a
new alternative gas compound has been determined to be (HFO 50%, CO2 45, iC4H10
4%, SF6 1%) with 40% relative humidity; That we Frederike fraction of most unwanted
element Ftorium reduced from 95% to 50%. It was demonstrated that the performance
of the experimental detector was not compromised, and all key parameters remained
unchanged.

One of the vitally important research was done in a high radiation environment to check
and approve the performance of the prototype detectors with the new gas mixture for
mass production. For this purpose, experiments have been done in GIF++ laboratory. The
laboratory is equipped with 14 TBq Cs137 radiation source that emits 663 keV energy
gammas and produces an enormous amount of background radiation, which well suits
the aim of simulating a high luminosity LHC equivalent radiation environment. In
addition, the muon beam produced by the SPS protons has been used 800 muons per
spill. Muons were tagged by a specially developed organic scintillator based triggering
system and used to evaluate detector efficiency and time resolution in high radiation
background. Experimental results showed that the signal amplitude of both 1.4 mm and
2.0 mm prototype detectors does not exceed 10mV, which is good proof that they
operated only in avalanche mode. Measured time resolution found to be below 2ns. The
measured current was directly proportional to the gap area, and muon counting
efficiency equals 97%. After the extensive explosion of the chambers into the high
radiation, no change in the bakelite resistance was found nor degradation of counting
efficiency, which remained at the level of 97%, which matches the initial value of the
detector.

The main and greatest achievement of the research is that the new gas mixture was
officially approved by the CMS experiment RPC collaboration as new eco-friendly gas
that started mass usage in Feb 2022. The newly developed RPC prototypes successfully
gassed high radion stress tests, and it was successfully demonstrated that muon counting
efficiency as well as time resolution despite high radiation background is at a desirable
level and greatly fulfils all requirements of HL LHC. As a consequence, two full-size RPC
detectors have been installed in the experimental caver of CMS. These will be operated
with the new gas mixture and will be used to quantitatively evaluate its performance in
a real experimental environment.
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