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Introduction

Cesium iodide photocathodes have been extensively used as UV converters in many applications, due to their high quantum efficiency, allied to good stability, resistance to ageing and easy production. In particular, they are frequently used in gas photosensor devices such as gas photomultipliers (GPMTs), gas electronmultipliers (GEMS), and other micro pattern gas devices, to detect the primary or/and secondary scintillation produced in radiation detectors [START_REF] Giomataris | New generation of Cherenkov counters[END_REF][START_REF] Chen | Results of a first beam test of Hadron Blind Trackers[END_REF][START_REF] Breskin | CsI VUV photocathodes history and mystery[END_REF][START_REF] Francke | Novel Position-Sensitive Gaseous Detectors with Solid Photocathodes[END_REF][START_REF] Maia | Single-UV-photon 2-D imaging with multi-GEM detectors[END_REF][START_REF] Chechik | Advances in gaseous photomultipliers[END_REF]. However, the transmission of the photoelectrons may be significantly reduced due to backscattering of the photoelectrons in the gas, thus reducing the effective quantum efficiency of the photocathode, an effect which is especially important when the rate of elastic scattering is high, as in the noble gases. In the field of gaseous radiation detectors, and the emission of photoelectrons from CsI in particular, the effect has been investigated experimentally and by Monte Carlo simulation, see [START_REF] Mauro | Photoelectron backscattering effects in photoemission from CsI into gas media[END_REF][START_REF] Buzulutskov | The GEM photomultiplier operated with noble gas mixtures[END_REF][START_REF] Breskin | GEM photomultiplier operation in CF 4[END_REF][START_REF] Coelho | Measurement of the photoelectron-collection efficiency in noble gases and methane[END_REF][START_REF] Coelho | Photoelectron transmission efficiency in Ar-CH 4 and Xe-CH 4 mixtures: Experimental results[END_REF][START_REF] Escada | Measurements of photoelectron extraction efficiency from CsI into mixtures of Ne with CH 4 , CF 4 , CO 2 and N 2[END_REF][START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF][START_REF] Dias | Monte Carlo simulation of x-ray absorption and drift in gaseous xenon[END_REF] and references therein, where the dependence on gas and mixture composition, reduced applied electric field E/N (E is the field strength and N the number density) and incident photon energy E ph was analyzed. In the broader field of swarm physics [START_REF] Huxley | The Diffusion and Drift of Electrons in Gases[END_REF], which is fundamental to gas discharge and plasma physics, electron back-diffusion has been investigated for more than half a century, together with reflection effects and induced secondary emission [START_REF] Theobald | Investigation of back-diffusion of photoelectrons in various standard gases as it affects secondary electron emission coefficients[END_REF][START_REF] Dahlquist | Back diffusion of electrons in nitrogen, hydrogen and argon[END_REF][START_REF] Burch | Monte Carlo calculation of electron back diffusion in a Townsend discharge[END_REF][START_REF] Vidaud | Back-diffusion of electrons in argon in the presence of an electric field[END_REF][START_REF] Pareathumby | Determination of the transmission factor of electrons in helium and argon for high values of the ratio electric field upon pressure[END_REF][START_REF] Nagorny | Effective secondary emission coefficient in a high-pressure noble gas Plasma Sources[END_REF][START_REF] Phelps | Cold cathode discharges and breakdown in argon: surface and gas production of secondary electrons Plasma Sources[END_REF][START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF][START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF]. In [START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF][START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF] Monte Carlo simulation was used to examine electron back-diffusion to an emitting frontier (cathode) in argon and nitrogen, showing in particular, as we also verified in [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF], that transmission is very sensitive to the electron initial energy ε 0 and energy distribution profile, increasing in general with decreasing ε 0 , with full transmission for ε 0 =0.

In previous work [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] we have used Monte Carlo simulation to investigate the extraction efficiency f of photoelectrons emitted from a CsI photocathode into Xe, Ar, Ne and their mixtures, and in CH 4 and Ar-CH 4 mixtures, where f is the fraction of the number of photoelectrons transmitted in the gas compared to vacuum. Due essentially to the electron energy cooling effect related to vibrational excitation of the CH 4 molecules, which has a threshold at low electron impact energy, the addition of CH 4 to noble gases efficiently increases electron transmission and drift velocity. We note that f has been also referred to as transmission efficiency, collection efficiency or escape factor in the literature, but in the present work we adopt the more common designation extraction efficiency.

In the present work we extend the investigation to Xe-CH 4 and Ne-CH 4 mixtures, and compare the results for f with those previously obtained in Ar-CH 4 mixtures and in pure Ne, Ar, Xe and CH 4 . The Monte Carlo results are presented in Section 3.2 for reduced electric fields in the range E/N = 0.1 to 40 Td (1 Td (Townsend) = 10 -17 V cm 2 ) when the CsI photocathode is irradiated by monochromatic VUV photons with E ph in the 6.7 to 9.8 eV (185-127 nm) range. The 6.7 eV photons belong to the VUV peak of the spectral distribution of a Hg(Ar) lamp, allowing us to compare with the available experimental data for f obtained with this lamp. In addition, electron drift parameters in the pure gases Xe and Ne and their mixtures with CH 4 were calculated and are compared with experimental data from the literature in Section 3.1.

Monte Carlo simulation

Detailed descriptions of the simulation model used in the calculations can be found in [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF][START_REF] Dias | Monte Carlo simulation of x-ray absorption and drift in gaseous xenon[END_REF], but a summary will be given here.

The photoelectrons are emitted from the CsI photocathode surface (z=0) into the gas at 1 atmosphere with initial energies ε 0 chosen either from the distributions measured in [START_REF] Stefano | Photoemission from CsI: experiment[END_REF] when a reflective CsI photocathode was irradiated by monochromatic photons with sixteen E ph values from 6.8 to 9.8 eV), or else from the specific ε 0 distribution measured in [START_REF] Shefer | Photoelectron transport in CsI and CsBr coating films of alkali antimonide and CsI photocathodes[END_REF] when CsI was irradiated with E ph =6.7 eV photons from the Hg(Ar) lamp. The mean values of these ε 0 distributions range from 0.2 to 2 eV. The photoelectron emission angle into the gas is sampled in [0, π/2] from a distribution modulated by the so called escape cone in the solid for the given ε 0 , as required by momentum conservation when electrons cross the barrier from CsI to gas or vacuum [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Shimizu | Monte Carlo modelling of electron-solid interactions Rep[END_REF]. The simulation follows the drift of the individual photoelectrons in the gas under the influence of an applied uniform electric field perpendicular to the surface of the photocathode along successive free paths taking into account elastic and inelastic collisions with the gas atoms and molecules. The null-collision method [START_REF] Skullerud | The stochastic computer simulation of ion motion in a gas subjected to a constant electric field[END_REF][START_REF] Lin | The null-event method in computer simulation[END_REF][START_REF] Brennan | Optimization of Monte Carlo codes using null collision techniques for experimental simulation at low E[END_REF] is used to reproduce the electron free paths between collisions. As in [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF], all collisions with CH 4 are assumed to be isotropic, but anisotropy of elastic scattering is accounted for by using the elastic momentum transfer cross-section [START_REF] Longo | Monte Carlo simulation of charged species kinetics in weakly ionized gases Plasma Sources[END_REF]. To be consistent, a similar formalism is adopted for the elastic collisions with Xe or Ne. The electron history ends either when it hits the photocathode, and it is counted as recaptured, or when return to the photocathode becomes energetically forbidden (essentially when all the energy ε 0 has been lost in collisions), and it is counted as transmitted.

The extraction efficiency f which is the probability that a photoelectron will reach the anode is obtained as f = m/m 0 , where m is the number of electrons transmitted when at least m 0 =10 6 photoelectrons are injected into the gas giving a statistical uncertainty below 1%. Note that f=1 in vacuum for any ε 0 , while in the gas f=1 for the limit ε 0 =0. Reflection of backscattered electrons by the photocathode surface may occur [START_REF] Phelps | Cold cathode discharges and breakdown in argon: surface and gas production of secondary electrons Plasma Sources[END_REF][START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF][START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF], but reflection coefficients from CsI are not known and the calculations do not account for the effect. The histories of recaptured photoelectrons often end shortly after emission into the gas, well before electrons reach equilibrium with the field (for instance, in 90Xe-10CH 4 at E/N=1 Td and E ph =8 eV, our simulations indicate that recapture occurs after ~20 collisions and ~40 ps on average). For the calculations of the electron drift parameters, though, a sample of 5×10 4 electrons with initial energies ε 0 =0 is followed in the gas allowing a long enough drift time to guarantee that the parameters reach equilibrium values [START_REF] Dias | Monte Carlo simulation of x-ray absorption and drift in gaseous xenon[END_REF] (~5 times the relaxation time, which is ~4 ns in the case of 90Xe-10CH 4 at E/N=1 Td).

The cross-sections used in the simulation for the scattering of the electrons by Xe, Ar and Ne atoms and by CH 4 molecules are represented in figure 1.

In Xe, the elastic momentum transfer cross-section is based on [START_REF] Mceachran | Relativistic low-energy elastic and momentum transfer cross sections for electron scattering from xenon[END_REF][START_REF] Koizumi | Momentum transfer cross sections for low-energy electrons in krypton and xenon from characteristic energies[END_REF][START_REF] Pack | Longitudinal electron diffusion coefficients in gases: Noble gases[END_REF] below ~2 eV and [START_REF] Hayashi | Recommended values of transport cross sections for elastic collisions and total collision cross sections for electrons in atomic and molecular gases Report[END_REF][START_REF] Hayashi | Determination of electron-xenon total excitation cross-sections, from threshold to 100 eV, from experimental values of Townsend's α[END_REF] above ~2 eV, the integral and partial cross-sections for excitation are obtained from [START_REF] Hayashi | Determination of electron-xenon total excitation cross-sections, from threshold to 100 eV, from experimental values of Townsend's α[END_REF] and [START_REF] Puech | Collision cross sections and transport parameters in neon and xenon[END_REF], respectively, and the total ionization cross-section is from [START_REF] Rapp | Total cross sections for ionization and attachment in gases by electron impact[END_REF].

In Ne, we take the cross-section for elastic momentum transfer from [START_REF] Mceachran | Electron scattering from Ne[END_REF] below 20 eV and [START_REF] Hayashi | Recommended values of transport cross sections for elastic collisions and total collision cross sections for electrons in atomic and molecular gases Report[END_REF] above 20 eV, and the inelastic scattering cross-sections are based on [START_REF] Brusa R S | Analytical partitioning of total cross sections for electron scattering on noble gases[END_REF][START_REF] Zecca | Electron scattering by Ne, Ar and Kr at intermediate and high energies, 0.5-10 keV[END_REF] for integral excitation, on [START_REF] Puech | Collision cross sections and transport parameters in neon and xenon[END_REF] for partial excitation and on [START_REF] Rapp | Total cross sections for ionization and attachment in gases by electron impact[END_REF][START_REF] Krishnakumar | Ionisation cross sections of rare-gas atoms by electron impact[END_REF] for ionization.

In Ar and CH 4 , the scattering cross-sections have been described in [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF]; in CH 4 they are mostly based on the compilation found in [START_REF] Shirai | Analytic cross sections for electron collisionswith hydrocarbons: CH 4 , C 2 H 6 , C 2 H 4 , C 2 H 2 , C 3 H 8 , and C 3 H 6 Atomic Data and Nuclear Data Tables 80[END_REF].

The present study is focused on the extraction at low E ph and ε 0 of photoelectrons from CsI into Xe-CH 4 and Ne-CH 4 gas mixtures when a low drift field (usually below multiplication threshold) is applied in the gas, but the calculations are extended somewhat, up to 40 Td for the extraction efficiency f and 100 Td for the drift parameters, neglecting eventual space charge effects. Electron energy ε (eV)
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Results and discussion

Electron drift parameters in Xe, Ne, and Xe-CH 4 and Ne-CH 4 mixtures

The electron scattering cross-sections used in the Monte Carlo simulation were tested by comparing the calculated drift parameters with experimental measurements. These parameters include electron mean energies ε m , drift velocities w, reduced mobilities μΝ = N w/E, and characteristic energies ε kl = eD l /μ and ε kt = eD t /μ, where D l and D t are the longitudinal and transversal diffusion coefficients. The calculations for Xe are shown together with the available experimental data in figure 2. Figure 3 shows similar results for Ne, while figure 4 has the results for the drift velocities in mixtures of Xe and Ne with CH 4 . Good agreement is achieved in general. For example, in figures 2a and 3a the Monte Carlo w values in Xe and in Ne agree within 2% on average with the data from [START_REF] Pack | Longitudinal electron diffusion coefficients in gases: Noble gases[END_REF][START_REF] Hunter | Low-energy electron drift and scattering in krypton and xenon[END_REF][START_REF] Šašić | Electron drift velocities in mixtures of helium and xenon and experimental verification of corrections to Blanc's law[END_REF] and [START_REF] Takayama | Probe measurements in quiescent plasmas[END_REF][START_REF] Robertson | The momentum transfer cross section for low energy electrons in neon[END_REF][START_REF] Kücükarpaci | Electron swarm parameters in helium and neon[END_REF], respectively. Similar good agreement was found in the case of CH 4 discussed in a previous paper [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF]. Although the cross-sections used in the present work may not guarantee the completeness established by the so called swarm method as usually required in gas discharge and plasma physics [START_REF] Ohmori | Boltzmann equation analysis of electron swarm behaviour in methane[END_REF][START_REF] Crompton | Benchmark measurements of cross sections for electron collisions: electron swarm methods[END_REF][START_REF] Sakai | Database in low temperature plasma modeling[END_REF][START_REF] Šašić | Excitation coefficients and crosssections for electron swarms in methane[END_REF][START_REF] Petrović Z Lj | Kinetic phenomena in charged particle transport in gases, swarm parameters and cross section data Plasma Sources[END_REF], figures 2 to 4 show that in the low E/N range relevant for the present work (drift fields E/N~<20Td near the photocathode), our calculations give sufficiently accurate drift parameters. In particular, they reproduce well known characteristic effects very sensitive to cross-sections, namely the anisotropy of diffusion when electrons drift under an electric field [START_REF] Pack | Longitudinal electron diffusion coefficients in gases: Noble gases[END_REF][START_REF] Skullerud | Longitudinal diffusion of electrons in electrostatic fields in gases[END_REF][START_REF] Parker | Theory of electron diffusion parallel to electric fields[END_REF][START_REF] Robertson | A note on the longitudinal diffusion of electrons in argon[END_REF][START_REF] Elford | The ratio D L /μ for electrons in helium at 293[END_REF], and negative differential conductivity [START_REF] Petrović Z Lj | Kinetic phenomena in charged particle transport in gases, swarm parameters and cross section data Plasma Sources[END_REF][START_REF] Bailey | Electron drift velocities in molecular-gas-rare-gas mixtures[END_REF][START_REF] Petrović Z Lj | Model calculations of negative differential conductivity in gases[END_REF][START_REF] Vrhovac | Momentum transfer theory of nonconservative charged particle transport in mixtures of gases: general equations and negative differential conductivity[END_REF][START_REF] Jelenak | The influence of excited states on the kinetics of excitation and dissociation in gas mixtures containing methane Diamond and Related[END_REF][START_REF] Li | Spatially periodic structures in electron swarms: ionization, NDC effects and multi-term analysis[END_REF]. The NDC effect -a decrease of drift velocity with increasing E/N -may be observed for instance in some mixtures of noble gases with molecular additives (e.g. CH 4 ), due to the energy cooling of the electrons when large cross-sections for vibrational excitation emerge in the region of the Ramsaeur-Townsend minima of the elastic cross-sections (see figure1). This effect is also at the origin of the general increase in photoelectron extraction efficiency when CH 4 is added to noble gases, as shown in [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] for Ar-CH 4 and in the present work for Xe-CH 4 and Ne-CH 4 mixtures. As pointed out above and as it can be inferred from [START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF], electron cooling is a key factor to improve the transmission of electrons emitted from a cathode into gas media. The results are compared with our earlier data in Xe, Ar, Ne, CH 4 , and Ar-CH 4 mixtures from [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] in figures 5 and 6, one surface for each gas as labelled. The data for the pure gases are represented in figure 5a as functions of E/N and E ph , while the results in Xe-CH 4 , Ar-CH 4 and Ne-CH 4 mixtures are shown in figure 5b where we have taken as an example 10% CH 4 content. Results for mixtures are also shown in figure 6 as a function of E/N and CH 4 concentration η, for incident photon energies 6.8 and 9.8 eV.

Photoelectron extraction efficiency in

In figures 5 and 6, we observe in general that f increases as we go from Xe to Ar to Ne to CH 4 or from Xe-CH 4 to Ar-CH 4 to Ne-CH 4 . Note that f is higher in each mixture than in the corresponding pure rare gas. We also observe that f increases with E/N and CH 4 concentration, and f decreases with E ph . However, exceptions may occur within specific regions, as observed in figures 5 and 6 (see also figures 7, 8 and 9), namely, f may increase with E ph (until it reaches a maximum, as for Xe-CH 4 mixtures at low E/N and E ph in figure 5b), or f may decrease with η (after rising to a maximum, as in Ar-CH 4 at low E/N and E ph and in Ne-CH 4 at high E/N and E ph , as shown respectively on figure 6a for 6.8 eV and figure 6b for 9.8 eV), or f in Ar-CH 4 may rise above f in Ne-CH 4 (for low E/N and E ph , see figure 6a for 6.8 eV).

We note moreover that f increases more rapidly with E/N in CH 4 and reaches considerably higher values than in the rare gases. In addition, f increases very rapidly with the CH 4 concentration η in the mixtures when η is small and is thus very sensitive to the value of η.

The behaviour of the photoelectron extraction efficiency f in pure Xe, Ar, Ne, CH 4 , and in Ar-CH 4 mixtures has been extensively discussed before for E ph and E/N ranges similar to the present work [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF]. In general, transmission is favoured by longer penetrations λ (lower elastic scattering cross-sections) of the first free path of the photoelectrons into the gas (measured perpendicular to the photocathode), and by low photoelectron emission energy ε 0 or by a swift drop of photoelectron energy in inelastic collisions, the cooling effect we mentioned before. Similar considerations hold for the present results and may be outlined as follows.

As we go from Xe to Ar to Ne in the noble gases, f increases in general because λ and the energy losses in elastic collisions increase in that order. We note that the range of ε 0 is low, and if a photoelectron survives as far as the inelastic thresholds in Xe, Ar or Ne (8.3 eV, 11.6 eV and 16.6 eV respectively), just one inelastic collision may lower the electron energy to values ε lower than ε 0 where recapture becomes energetically forbidden. However, inelastic collisions with the noble gas atoms are infrequent for the range of E ph and E/N investigated and do not contribute significantly to transmission [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF][START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF]. On the contrary, in CH 4 or in mixtures with CH 4 the inelastic threshold becomes much lower (0.16 eV), corresponding to vibrational excitation of the CH 4 molecules. This process competes efficiently with elastic scattering (see figure 1) and plays a decisive role in increasing photoelectron transmission: energy losses by vibrational excitation may be of the order of ε 0 , and a few vibrational collisions at an early stage can efficiently reduce electron energy and the chances of a return to the photocathode.

On the other hand, the parameter f decreases in general with the incident photon energy E ph in the range investigated. This happens because photoelectrons are emitted into the gas with increasing energies ε 0 as we move to higher E ph . For higher ε 0 , chances of recapture become higher by a combination of effects: firstly, because photoelectron penetration lengths λ become shorter as the scattering cross-sections σ m rise with ε 0 (particularly after the Ramsauer minima in Ar and Xe), secondly, because larger energy losses are required to reduce the electron energy to a value that guarantees transmission.

We also note that the observed increase of f with applied electric field E/N is essentially related with increased electron guiding towards the anode as the strength of the electric field increases.

Departures of the extraction efficiency f curves from these general trends are related to the fact that a combination of effects is involved and scattering cross-sections are complex functions of electron energy. In particular, in the mixtures the overlap of the cross-sections of the two components and the effective cross-section vary a great deal from one situation to another.

For a better understanding of these effects, some selected examples of the calculated f curves at varying E/N and E ph are shown along figures 7, 8 and 9, together with the corresponding inelastic ratios γ ν and penetrations λ, where γ ν = n ν /n t is the ratio between the number n ν of vibrational collisions with CH 4 molecules and the total number n t of collisions in the gas, and λ is the mean distance travelled by a photoelectron in the first free path in the gas, measured perpendicular to the photocathode surface. Among the different cases, one can determine the role played by vibrational excitation collisions and by the initial penetration length of the photoelectrons into the gas as discussed above, by checking the connection between the behaviour of the plotted f curves and the curves for λ and the vibrational ratio γ ν .

Irradiation of CsI with a Hg(Ar) lamp.

In this section, we present the Monte Carlo results obtained for the extraction efficiency f when the photocathode is irradiated with a Hg(Ar) lamp, allowing for a comparison with our experimental data from [START_REF] Coelho | Photoelectron transmission efficiency in Ar-CH 4 and Xe-CH 4 mixtures: Experimental results[END_REF] and [START_REF] Escada | Measurements of photoelectron extraction efficiency from CsI into mixtures of Ne with CH 4 , CF 4 , CO 2 and N 2[END_REF] where this lamp has been used. In the calculations, initial energies ε 0 of the photoelectrons are sampled from the energy distribution measured by [START_REF] Shefer | Photoelectron transport in CsI and CsBr coating films of alkali antimonide and CsI photocathodes[END_REF] when a CsI photocathode was irradiated with photons from the VUV peak of this lamp.

The Monte Carlo results obtained in Xe, Ne, CH 4 , Xe-CH 4 and Ne-CH 4 are shown in figure 10 together with the experimental measurements where we see that the measurements are consistent with the Monte Carlo predictions. The deviations from the calculated data observed at progressively lower fields at lower η values and in pure Xe or Ne are due to the effect of positive feedback from Xe or Ne self-scintillation [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF], not included in the present calculated curves.

The remaining discrepancies between the Monte Carlo results and the measurements are attributed to several factors. Firstly, f is very sensitive to the photoelectron energy ε 0 and to the ε 0 distribution profile, as was shown in [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] and in [START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF][START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF], but due to different surface conditions [START_REF] Phelps | Cold cathode discharges and breakdown in argon: surface and gas production of secondary electrons Plasma Sources[END_REF] and temperature (thermionic emission [START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF]) on the photocathode, the photoelectron emission spectra in the measurements is not expected to exactly match the ε 0distribution used in the simulations (the distribution measured in [START_REF] Shefer | Photoelectron transport in CsI and CsBr coating films of alkali antimonide and CsI photocathodes[END_REF] for the lamp). Secondly, electron reflection at the photocathode surface [START_REF] Phelps | Cold cathode discharges and breakdown in argon: surface and gas production of secondary electrons Plasma Sources[END_REF][START_REF] Radmilović | Modeling of back-diffusion of electrons argon[END_REF][START_REF] Radmilović-Radjenović | Monte Carlo simulation of back-diffusion of electrons in nitrogen[END_REF][START_REF] Benilov | Escape factors for thermionic cathodes in atomic gases in a wide electric field range[END_REF] (not included in the simulations) will also play a role: for instance, if a reflection coefficient of 15% is assumed, the Monte Carlo f curves in Ne-CH 4 (figure 10b) become close to the experimental data. Uncertainty in the mixture composition is an additional factor: at low E/N, f is very sensitive to even very small concentrations of CH 4 , and is expected to be equally sensitive to impurity traces contaminating the mixtures. This can explain why the discrepancies between Monte Carlo and measurements in Xe-CH 4 (figure 10a) appear larger than in Ne-CH 4 (figure 10b). Finally we note that the ε 0 distribution used in the calculations of f was measured for 185±0.5 nm photons from the lamp VUV peak [START_REF] Shefer | Photoelectron transport in CsI and CsBr coating films of alkali antimonide and CsI photocathodes[END_REF] while in our f measurements the photons from the entire peak, albeit narrow (fwhm 5nm), will reach the photocathode.

Conclusions

Backscattering of the photoelectrons emitted from a photocathode into gas medium may significantly reduce the photoelectron transmission, especially in noble gases, but the addition of a molecular gas like CH 4 significantly reduces the effect. 
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CH 4 [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] Ne [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF] Ar [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF] Xe [START_REF] Dias | The transmission of photoelectrons emitted from CsI phocathodes into Xe, Ar, Ne and their mixtures: a Monte Carlo study of the dependence on E/N and incident VUV photon energy[END_REF] Ar-CH 4 [START_REF] Escada | A Monte Carlo study of backscattering effects in the photoelectron emission from CsI into CH 4 and Ar-CH 4 mixtures JINST[END_REF] Xe-CH 4 
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 21 Figure 1. Electron scattering cross-sections a) in Xe and CH 4 , b) in Ar and CH 4 and c) in Ne and CH 4 : σ m -elastic momentum transfer; σ ν -vibrational excitation, σ a -electron attachment; σ exc -electronic excitation; σ d -neutral dissociation; σ ion -ionization.

∆◊Figure 2 .

 2 Figure 2. Monte Carlo results in Xe together with experimental data from the literature for a) electron mean energy ε m , drift velocity w and reduced mobility μN and b) characteristic energies ε kl and ε kt as a function of the reduced electric field E/N. The dashed curves in b) are included to guide the eye.

Figure 3 .

 3 Figure 3. Monte Carlo results together with experimental data for a) electron mean energy ε m , drift velocity w and reduced mobility μN in Ne, and b) characteristic energies ε kl and ε kt in Ne and in the 90%Ne-10%CH 4 mixture, as a function of the reduced electric field E/N. The dashed curves in b) are included to guide the eye.

◊-Figure 4 .

 4 Figure 4. Monte Carlo and experimental drift velocities w as a function of reduced electric field E/N in a) Xe-CH 4 mixtures and b) Ne-CH 4 mixtures with the indicated CH 4 concentrations (%). The Monte Carlo w curves for Xe, Ne and CH 4 are also included for reference. The dashed curves are included to guide the eye.

  Xe-CH 4 and Ne-CH 4 mixtures 3.2.1. Irradiation of CsI with monochromatic VUV photons. In this section we present the Monte Carlo results for the extraction efficiency f in Xe-CH 4 and Ne-CH 4 mixtures when the CsI photocathode is irradiated with monochromatic photons with energies E ph in the 6.8 eV to 9.8 eV range. The applied electric field E/N varies from 0.1 Td to 40 Td.
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 5 Figure 5. Monte Carlo results for the extraction efficiency f as a function of reduced electric field E/N and incident photon energy E ph for photoelectrons emitted from a CsI photocathode into a) pure gases Xe, Ar, Ne and CH 4 , and b) the 90%-10% Xe-CH 4 , Ar-CH 4 and Ne-CH 4 mixtures.

Figure 6 .

 6 Figure 6. Monte Carlo results for the extraction efficiency f of photoelectrons emitted from a CsI photocathode into Xe-CH 4 , Ar-CH 4 and Ne-CH 4 mixtures as a function of reduced electric field E/N and CH 4 concentration η for incident photon energies a) E ph = 6.8 eV and b) E ph = 9.8 eV.

Figure 7 .

 7 Figure 7. Monte Carlo extraction efficiency f (-) for photoelectrons emitted from CsI into CH 4 and into the 90%-10% Ne-CH 4 , Ar-CH 4 , Xe-CH 4 mixtures together with the corresponding photoelectron penetration λ (•••) and vibrational excitation ratio γ ν = n ν /n t (---), as a function of the applied electric field E/N for incident photon energies a) E ph = 6.8 eV and b) E ph = 8.8 eV.
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 8 Figure 8. Monte Carlo extraction efficiency f (-) for photoelectrons emitted from CsI into CH 4 and into the 90%-10% Ne-CH 4 , Ar-CH 4 , Xe-CH 4 mixtures together with the corresponding photoelectron penetration λ (•••) and vibrational excitation ratio γ ν = n ν /n t (---), as a function of incident photon energies E ph for the applied electric fields a) E/N = 5 Td and b) E/N = 15 Td.

  [START_REF] Francke | Novel Position-Sensitive Gaseous Detectors with Solid Photocathodes[END_REF] Ar-CH 4 Xe-CH 4

Figure 9 .

 9 Figure 9. Monte Carlo extraction efficiency f (-) for photoelectrons emitted from CsI into Ne-CH 4 , Ar-CH 4 and Xe-CH 4 mixtures together with the corresponding photoelectron penetration λ (•••) and vibrational excitation ratio γ ν = n ν /n t (---), as a function of CH 4 concentration η for incident photon energy E ph = 6.8 eV and applied electric fields a) E/N = 0.1 Td and b) E/N = 5 Td.

Figure 10 .

 10 Figure 10. Monte Carlo and measured extraction efficiency f as a function of E/N for the photoelectrons emitted from CsI into a) Xe-CH 4 and b) Ne-CH 4 mixtures with the indicated CH 4 concentrations η (%) when the CsI photocathode is irradiated with a Hg(Ar) lamp. The effect of positive feedback from Xe or Ne self scintillation (not included in the Monte Carlo calculations) is visible on the experimental results in Xe, Ne and in the mixtures with lower η.

  In the present work, a Monte Carlo study of the extraction efficiency f for photoelectrons emitted from a CsI photocathode into Xe-CH 4 and Ne-CH 4 mixtures is presented. The behaviour of the results is discussed in terms of the electron scattering in the gas, analyzing the dependence of f on the mixture composition, density-reduced electric field E/N [0.1-40 Td range], and incident photon energy E ph [6.7-9.8 eV (185-127 nm) range]. The calculated results are compared with earlier data in Ar-CH 4 mixtures and in the pure gases Xe, Ar, Ne and CH 4 . A good agreement is found with the available experimental measurements for f when the CsI photocathode is irradiated with a Hg(Ar) lamp.
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