
     Introduction 
The European Community has prohibited the production and use of gas mixtures with Global Warming Power > 150. The C2H2F4 and SF6 gases used in the RPCs for example present a GWP=1430 and 23900 respectively and need to be 

replaced with components with lower GWP.  Potential gas candidates can be found in [ 1]. For gas detector applications where high background rates are expected they have to be operated in avalanche mode in order to keep the total 

produced charge low with benefits in terms of aging and rate capability. This is usually obtained with suitable gas mixtures that prevents the transition from avalanche to streamer keeping the detection efficiency above 90 %. The use of F-

based gases, usually used in refrigerants, have shown so far to give the best performance. The RPC system of the CMS [2] experiment  is operated with a gas mixture of C2H2F4 95.2 %, isobuthane 4.5 % and SF6 0.3 % showing very high 

performance in the LHC environment [3]. Recent European regulations demand the use of environmentally un-friendly F-based gases to be limited or banned. The impact of a refrigerant on the environment has to be quantified in terms of 

the contribution to the greenhouse effect and to the depletion of the ozone layer. The first mentioned effect is measured in Global Warmth Potential (GWP), and is normalized to the effect of CO2 (GWP = 1), and the effect on the ozone 

layer is measured in Ozone Depletion Potential (ODP), normalized to the effect of CCl3F (ODP = 1).  

            Gas properties and interaction parameters 
This section aims to clarify the most essential parameters for gases with environment and detector point of view. 

1. Global-warming potential and Ozone depletion potential: Global- Warming Potential (GWP), and is normalized to the effect of CO2 (GWP = 1), while the effect on the ozone layer is measured in Ozone Depletion Potential (ODP), 

normalized to the effect of CCl3F (ODP = 1).  

2. Stopping power: When a particle passes through a medium, energy is transferred from the particle to the surroundings.  The energy lost is typically defined as the stopping power expressed as � ��  where ρ  denotes the density 

of the medium, E denotes energy, and x is length. 

3. Radiation length: The radiation length X0 is a characteristic length of a medium. It describes both the mean distance required for a high energy electron to lose all but e-1 of its energy due to bremsstrahlung, and 9  of the mean 

free path of a e+ e-  produced by a high-energy photon [4]. 

4. Ion pair production: When an incoming particle passes through a medium, it will eventually interact with the medium and transfer some of its energy to ionize atoms. In this process, a pair consisting of an ionized atom and a free 

electron is produced. The number of ionizations produced by an incoming particle per unit length is denoted by NP , in units of cm-1 . Each produced ion pair will have an initial kinetic energy and can itself produce an ion pair, called 

secondary ion pair production. The sum of the primary and secondary ion pairs production per unit length is denoted NT , and will be mainly depending on the material and the incoming particle energy and mass. This parameter is 

relevant in particle gas detectors as it determines both the number and the size of avalanches produced by a single incoming particle when the gas is under an amplifying electric field. 

5. Drift velocity: In the absence of electric field, electrons move randomly in all direction having an average thermal energy 3/2KT. In presence of an electric field, the electrons start to drift along the field direction with mean drift 

velocity vd (the average distance covered by the drift electron per unit time). 

6. Diffusion: Electrons and ions in a gas are subject only to an electric field and move on average along the electric field, but individual electrons deviate from the average due to scattering on the atoms of the gas. Scattering leads to 

variations in velocity, called longitudinal diffusion, and to lateral displacements, called transverse diffusion. 

7. Townsend coefficients: The average distance an electron travels between ionizing collisions is called mean free path and its inverse is the number of ionizing collision per centimetre  (the first Townsend coefficient). This parameter 

determines the gas gain of the gas. 

8. Lorentz angle: The angle which the drifting electron swarm makes with the electric field is defined as the Lorentz angle of the particular gas or gas mixture under consideration. The Lorentz angle depends on both the electric field 

and the magnetic field. It is normally large at small electric fields but falls to smaller values for larger electric fields and is approximately linear with increasing magnetic field. 

9. Hazards and flammability: Many refrigerants may constitute danger for the user and its environment. The greatest dangers involved are the flammability and toxicity. The Health Material Hazardous Material Information System 

(HMIS), rates Health/ Flammability/ and Physical hazards from 0 (low) to 4 (high). 

10. Compatibility with materials: Some refrigerants are incompatible with certain materials, and can either react violently, or have long term effect. Some refrigerants may even produce toxic decomposition and/or polymerization. 

11. Aging and longevity: The aging phenomenon is very complex and depends on several parameters. The commonly used variables include the cross-sections, electron/photon energies, electrostatic forces, dipole moments, chemical 

reactivity of atoms and molecules, etc. 
 

      Estimation of Gas Parameters 
Quantities such as the minimum ionization energy can be found if the stopping power is known. An approximate expression for moderately relativistic 

particles in the momentum region 0.1≤ ≤ 1000 can be found using the Bethe-Bloch equation, given by 

� − �� = �� � � �� − −  

Where − ��   is the mean energy loss per length, ρ  denotes the density of the medium, � is the mean excitation energy and  is the density effect 

correction function to ionization energy loss. K is a constant given by 4���� � � � , and � � is the maximum energy transfer in a single collision, given 

by  � � = 2 2 2+2��� + / 2 where M is the mass of the incoming particle. X0  in the (right side) table 2, radiation length = 
. −2 �2 �� − � + ��,     for details 

[4] .An approximate correlation between primary ionization and atom number has been found based on experimental data by [5]. 

 � = .99 �0.4 − 0.0 �0.4 ��−   which holds a normal temperature and pressure (NTP) (1atm, 200C)  
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   Conclusion 
Currently used F-based gases today used in HEP gas detectors are being 

phased out by industry and replaced by eco-friendly substitute gases. 

This study has reported on a general survey of industrially available 

replacements for HEP gases, discussed their physical properties, 

materials compatibility and safety issues. Parameters of interest for 

their use in HEP detectors have been computed following different 

approaches ranging from parametrizations to quantum chemical 

calculations: ionization energy, electronegativity, number of primary 

pairs. Statistical methods to compute amplification parameters of the 

ionization shower production such as the Townsend coefficients were 

investigated and preliminary results reported. Promising candidates 

with lower GWP are  identified for further studies. 
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Table 1. Minimum ionization, radiation length and number of primary ion pair 

creation for the considered refrigerants, as well as the approximated mean 

ionization energy used. 

Figure 1. Energy loss as a function of the relativistic time dilation factor  for various 

refrigerants. 

Molecules and their optimized geometries 
The freon gases we have been interested in are R134a (CH2FCF3), 

R152a (C2H4F2), HFO1234ze (CFHCHCF3), HFO1234yf (CH2CFCF3), 

CF3I and HFO1233zd (CHClCFCF3). Meanwhile we choose 

R12(CCl2F2) to be the standard freon gas model. CH4 and CF4 are 

the molecules we were used to make a comparison between the 

NWCHEM calculated results and experimental results, in order to 

check the reliability of NWCHEM. 

Figure 2. The optimized ground state geometries of gas molecules, 

where the green balls stand for carbon atoms, the grey balls stand 

for hydrogen atoms, the indigo balls stand for fluorine atoms, the 

brown balls stand for chlorine atoms, and purple ball for iodine. 
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Figure 3. The highest occupied molecular orbitals of gas molecules 
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Figure 4. Absorption spectrum of 

interested gas molecules. The 

calculation is performed in the AO 

basis, where the solid line 

corresponds to the overall dipole 

strength and the dashed lines 

correspond to polarizations in the 

coordinate basis directions. 

Figure 5. A comparison of HFO1234ze(CFHCHCF3) HOMO (in blue) and 

LUMO (in green) for the neutral molecule (left plot) and the HOMO 

for neutral HFO1234ze molecule (in blue) and charged one 

HFO1234ze ion (in red, right plot). 
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