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The ternary MAX phase Cr2AlC exhibits a noticeable variation of in-plane Hall coefficient with temperature, T. In previous work, this was assumed to be due to temperature dependent electron and hole concentrations, an unlikely conjecture for a highly metallic-like conducting ceramics like Cr2AlC. Herein we show that a realistic analytic approximation of the Fermi surface as measured by Angle Resolved Photo-Emission Spectroscopy or as computed by Density Functional Theory allows us to recover the main features of the in-plane magneto-transport (temperature variations of Hall coefficient, resistivity and magnetoresistance). The temperature variation is explained by the combined contribution of electron and hole bands, taking into account the local curvature of the Fermi surface and an appropriate and physically sound temperature variation of the relaxation time in each band. The model also allows us to retrieve the apparent (and erroneous) carrier densities as extracted when using conventional methods. We suggest that our explanation could be generalized to other MAX phases, for which more "involved" explanations have been advanced so far.

Introduction

The MAX phases, a class of over 150 hexagonal nano-lamellar carbides, nitrides and/or borides, where M is an early transition metal, A is an A-group element (mostly 13 and 14) and X is C, B and/or N. Some of these solids combine some of the best advantages of metals and ceramics [START_REF] Barsoum | The Mn+1AXn phases: A new class of solids, thermodynamically stable nanolaminates[END_REF]. Like ceramics some, like Cr2AlC2, are them quite stiff, lightweight, oxidation, creep and corrosion resistant. Like metals they are readily machinable, electrical and thermal conductors, resistant to thermal shock and damage tolerant. [START_REF] Barsoum | MAX phases: Properties of Machinable Ternary Carbides and Nitrides[END_REF]. They are therefore sought for a wide number of applications, many of which deal with their potential for use in harsh conditions [START_REF] Barsoum | MAX phases: Properties of Machinable Ternary Carbides and Nitrides[END_REF].

Most MAX phases are produced in bulk form by using common ceramic-processing techniques, such as high temperature sintering [START_REF] Barsoum | The Mn+1AXn phases: A new class of solids, thermodynamically stable nanolaminates[END_REF], hot isostatic pressing [START_REF] El-Raghy | Processing and mechanical properties of Ti3SiC2: I, reaction path and microstructure evolution[END_REF] and Spark Plasma Sintering (SPS) [START_REF] Sun | Synthesis of the MAX Phases by pulse discharge sintering[END_REF].

These techniques result in polycrystalline solids, that do not lend themselves to understanding their anisotropic properties. Yet, knowledge of those parameters is required in order to be able to predict or explain the physical properties of those phases as functions of, e.g., grain size and texture. It is therefore important to produce MAX phases in single crystal form, and this is now achieved either by growing thin epitaxial layers using Physical Vapor Deposition [START_REF] Eklund | The Mn+1AXn phases: Materials science and thin-film processing[END_REF] or bulk crystals in high temperature solution [START_REF] Ouisse | High temperature solution growth and characterization of Cr2AlC single crystals[END_REF].

Herein, we focus on the Cr2AlC MAX phase. Due to its resistance against oxidation and acids, its excellent thermal stability and its high specific elastic stiffness [START_REF] Barsoum | The Mn+1AXn phases: A new class of solids, thermodynamically stable nanolaminates[END_REF][START_REF] Barsoum | MAX phases: Properties of Machinable Ternary Carbides and Nitrides[END_REF][START_REF] Tian | Oxidation behavior of Cr2AlC ceramics at 1,100 and 1,250 °C[END_REF][START_REF] Xiao | Synthesis and thermal stability of Cr2AlC[END_REF][START_REF] Lin | High-temperature oxidation and hot corrosion of Cr2AlC[END_REF][START_REF] Zhang | Conversion of MAX phase single crystals in highly porous carbides by high temperature chlorination[END_REF][START_REF] Lin | Synthesis, microstructure, and property of Cr2AlC[END_REF], Cr2AlC is an interesting member of the MAX phase family. It has already been the subject of numerous studies, addressing, its crystal or electronic structure [START_REF] Schneider | Ab initio calculations and experimental determination of the structure of Cr2AlC[END_REF][START_REF] Bugnet | Experimental and first-principles investigation of the electronic structure anisotropy of Cr2AlC[END_REF][START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF], synthesis methods [START_REF] Lin | Synthesis, microstructure, and property of Cr2AlC[END_REF] thermal stability [START_REF] Xiao | Synthesis and thermal stability of Cr2AlC[END_REF], among others (a more exhaustive reference list can be found in [START_REF] Barsoum | MAX phases: Properties of Machinable Ternary Carbides and Nitrides[END_REF]).

In this article, we are interested in the electrical transport properties of the basal planes of Cr2AlC single crystals. From an electrical transport and electronic structure point of view, Cr2AlC can be considered as a metal. It is not a simple metal, however, since it includes many different electron and hole bands and thus exhibits complex magneto-transport properties [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF][START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF][START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF]. As shown herein, the local curvature of its Fermi Surface (FS), the Fermi velocities (FV) and the existence of several carrier bands are all crucial in shaping and understanding its magneto-transport properties [START_REF] Ong | Geometric interpretation of the weak-field Hall conductivity in two-dimensional metals with arbitrary Fermi surface[END_REF][START_REF] Banik | Hall coefficient of a hole-like Fermi surface[END_REF][START_REF] Ashcroft | Solid State Physics[END_REF][START_REF] Affronte | Electronic properties of TiSi2 single crystals at low temperatures[END_REF]. As such it is not possible to retrieve simple parameters such as carrier densities or relaxation times from conventional transport measurements. Yet, a common habit consists in extracting apparent carrier densities using a one band model, or in extracting apparent electron, ne, and hole, nh, densities and mobilities, µe and µh using a 2-band model combining the measured resistivity, Hall coefficient RH and magneto-resistance (MR) in order to extract the carrier densities (see, e.g., Refs. [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF][START_REF] Mun | Magnetic field effects on transport properties of PtSn4[END_REF][START_REF] Gottlieb | Magnetoresistance and Hall effect of NbSi2 single crystals[END_REF] where this model is applied to different materials). This is carried out despite the fact that even a single band with a varying FS curvature can give rise to an appreciable MR and exceedingly small RH values [START_REF] Ong | Geometric interpretation of the weak-field Hall conductivity in two-dimensional metals with arbitrary Fermi surface[END_REF][START_REF] Banik | Hall coefficient of a hole-like Fermi surface[END_REF][START_REF] Ashcroft | Solid State Physics[END_REF][START_REF] Affronte | Electronic properties of TiSi2 single crystals at low temperatures[END_REF].

In Cr2AlC [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF][START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF][START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF], and other other complex compounds [START_REF] Gottlieb | Magnetoresistance and Hall effect of NbSi2 single crystals[END_REF][START_REF] Nakajima | Non-Fermi liquid behavior in the magnetotransport of CeMIn5 (M: Co and Rh): Striking similarity between quasi two-dimensional heavy Fermion and high-Tc Cuprates[END_REF] a substantial variation in the Hall coefficient, RH, with temperature T has been observed. Even in common metals such as Al, FS curvature effects lead to reversals in the sign of RH with magnetic field, B [START_REF] Banik | Hall coefficient of a hole-like Fermi surface[END_REF]. In addition, similar to high TC superconducting cuprates in their normal state and some heavy fermion compounds [START_REF] Luo | Kohler's rule and relaxation rates in high-Tc superconductors[END_REF][START_REF] Anderson | Hall Effect in the two-dimensional Luttinger Liquid[END_REF][START_REF] Kontani | Anomalous transport phenomena in Fermi liquids with strong magnetic fluctuations[END_REF],

Cr2AlC exhibits a magneto-transport "scaling law" that not only does not obey Kohler's rule, but also involves the Hall angle rather than just the magnetic field/resistivity ratio [START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF].

Previously, using a relatively simple model, we accounted for the T-variation of RH by invoking multi-band transport with some specific dependence of the relaxation times on temperature in the different bands [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF]. The purpose of this letter is to place this tentative explanation on a more solid footing. As shown herein, this cannot be achieved using Density Functional Theory (DFT) alone, because the grid precision does not generally permit a good enough assessment of the second derivatives that are required for computing the MRs. In contrast, our calculations, which involve the integration of transport parameters up to second order in B along the FS, are possible because we assume that Cr2AlC is a quasi 2D conductor and start with analytic expression of the Fermi lines, FL. This was done by starting out with a reasonable, purely analytical approximation of the FS, based on DFT calculations that, in turn, were confirmed by Angle Resolved Photo-Emission Spectroscopy, ARPES [START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF]. These analytical expressions for the FL, were then accurately differentiated twice in B, as opposed to the numerical results obtained from DFT FSs, and integrated over the FS. As detailed below, the overall results show that magneto-transport in Cr2AlC can be satisfactorily explained by using a physically sound model, rather than relying on the unreasonable assumption that carrier densities substantially vary with T.

Magneto-transport model

As noted above, Cr2AlC exhibits substantial variations of RH with T, either in polycrystalline form [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF][START_REF] Barsoum | Electrical and Thermal Properties of Cr2GeC[END_REF], or from ab-plane measurements on single crystals [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF][START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF]. The recent availability of single crystals allowed us to find good agreement between the band structure expected from DFT calculations and ARPES measurements [START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF]. The Cr2AlC FS (Fig. 1a) consists of several quasi-2D, bulged open tubes with their axis parallel to c [START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF]. Four electron bands are centered around Γ, and hole pockets are located around the M points. As a first approximation we replace the 3D system by its 2D counterpart, so that transport integrations can be carried out on Fermi lines, FL, rather than on the FS greatly simplifying the calculations. As detailed later, this approach is also justified a posteriori by the fact that the two extreme cross sections give quite similar results. The two extreme cross sections perpendicular to the c-axis are plotted in Figs. 1b and1c, respectively.

A second approximation is to start the calculations from entirely analytical expressions of the FLs. We approximate the DFT results by the fully analytical, mathematical functions initially studied by Gielis [START_REF] Gielis | A generic geometric transformation that unifies a wide range of natural and abstract shapes[END_REF], of the form ( ) ( ) ( )
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where in kF is the Fermi wave vector modulus, θ is the polar angle, kM is the wavector modulus at the M point and all other parameters are dimensionless and selected in order to give an acceptable fits of the FL (ϕ is an angle used for rotating equivalent polar plots such as, e.g., the hole pockets distributed around the 6 equivalent M points as shown in Fig. 1b).

These functions, in turn, allow us to recover quite complex shapes, and parameters used for reproducing the extremal cross sections of the FS tubes (e.g. Γand A-planes shown in Figs. 1b and1c, respectively) are listed in top half of Table 1. In this approximation, we assume that the two hole bands -centered around the M points-are close enough so as to be degenerate. Since they develop over two Brillouin zones, this is equivalent to the presence of a single FL around M with unit degeneracy. The quality of our analytical model can be best appreciated in Fig. 1a, where the undulating white lines (labeled by arrow in top left) represent the analytical approximation used for the largest extremal cross section of the FS (Γ-plane). The local dependence of the energy on wavevector used to compute the local Fermi velocity vF and higher derivatives is analytically approximated by

E = ħv0k0(k 2 cos 2 θ+k 2 sin 2 θ)/2kF 2 (θ), (2) 
where v0 and k0 are the Fermi velocity and wavevector along the ΓΜ (electrons) or along the ΓΚ (holes) direction, as obtained from DFT calculations. kF(θ) is the Fermi wavevector modulus and k is the wavevector modulus. This is our less accurate approximation, since, depending on the selected FL, the velocity, calculated as v=(1/ħ)∂E/∂k , leads to an average error varying from a few per cent to about 20%, as compared to DFT results as expounded in Ref. [START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF]. This expression still allows us to integrate second order terms with reasonable accuracy, a step that cannot be satisfactorily carried out when using commercially available DFT software, since the latter are generally limited to the estimation of terms involving only FS first derivatives [START_REF] Gall | Electron mean free path in elemental metals[END_REF].

A polar plot of the vF moduli is shown in Fig. 1d. For each point, the velocity direction is given by the unit vector normal to the corresponding point on the FL (Fig. 1b).

In order to estimate the fundamental transport parameters, we start with the Jones-Zener approximation of Boltzmann's equation, which gives the out-of-equilibrium distribution function of carriers as an expansion in magnetic field, B (see, e.g., [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF][START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF][START_REF] Ong | Geometric interpretation of the weak-field Hall conductivity in two-dimensional metals with arbitrary Fermi surface[END_REF]), obtained from
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with ∆f the out-of-equilibrium part of the carrier distribution function f, ε the electric field, v the velocity, τ the relaxation time and the reduced Plank's constant. After expanding the terms inside the parenthesis in Eq. ( 3), we then compute all transport parameters by numerically integrating the usual expressions over the FL. All formulae used can be found in Ref. [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF], and will not be reproduced in detail here. For instance, integration of the zero th order term in B gives the simplest term, the current density
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from which we compute the resistivity ρ at B = 0. The first order term in the expansion of Eq. ( 3) results in RH. Finally, the second order term, which comprises the largest number of direct terms to be integrated, results in the MR [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF][START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF][START_REF] Ong | Geometric interpretation of the weak-field Hall conductivity in two-dimensional metals with arbitrary Fermi surface[END_REF].

The relaxation times are given by analytical formulae that take into account impurity scattering that prevail at low T, a phonon-limited Bloch-Grüneisen contribution [START_REF] Ashcroft | Solid State Physics[END_REF][START_REF] Ziman | Electrons and phonons[END_REF] at intermediate T and the usual phonon-limited linear dependence [START_REF] Ashcroft | Solid State Physics[END_REF][START_REF] Ziman | Electrons and phonons[END_REF] at the highest T's. The resulting expression is [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF] ( )
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Here λimp is the impurity mean free path, τph is the phonon-related characteristic time, and TA and TB and the characteristic T's, that are different for each band. These four parameters are used as fitting parameters in our model, and were adjusted to result in the lines shown in Fig. 2. All parameters are listed in Table 1 and the rationale for choosing them is discussed below. The latter, in turn, were used to obtain the fits of the transport parameters shown in Fig. 3.

Comparison with experiment

In Fig. 3, the experimental data points are retrieved from Ref. [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF]. It is worth noting that the approximation procedure is not easily automated, because the fitting parameters are the entire T dependencies of the relaxation times in each band, viz. Fig. 2. To obtain the all-important parameters listed in Table 1, we first estimated λimp, compatible with the saturation of ρ at low T (visible in Fig. 3a).

Remarkably, these values also give a satisfying approximation of RH (Fig. 3b), greatly increasing confidence in our approach. The second key ingredient is to select relaxation times, the temperature variations of which, that render the relative balance between electron and hole contributions to vary with T as shown in Fig. 2a. We note that due to the fitting procedure, we cannot ensure that no other set of relaxation time values could lead to a satisfying fit of the experimental data. Yet, the agreement between model and experiment is good enough as to support the validity of our model: not only the variations in ρ with T (Fig. 3a), but also the variations in RH (Fig. 3b) and MR (Fig. 3c) with T. In our framework ne and nh in the different bands are constant with T, and thus the T variations are entirely due to variations of the relaxation times. The latter are obtained by summing the areas enclosed by the FLs in k-space and are equal to ne = 2.54×10 22 cm -3 and nh = 4.56×10 21 cm -3 , respectively.

In Figs. 4a andb, respectively, we plot ne and nh and mobility values that can be extracted from our model and compare them to those obtained from an isotropic 2-model. Note than in the latter it was assumed that ne = nh. The data points are reproduced from Ref. [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF], and the lines are obtained as follows: at each T, we start from the ρ, RH and MR values computed by our model and use them as inputs in the extraction procedure commonly used to extract carrier densities and mobilities from experimental data (see, e.g., Ref. [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF] or [START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF] in the case of the 2-band model. Figure 4c plots carrier concentration as a function of T assuming a single band model.

In Figs. 4a, b andc, agreement between the experimentally extracted values and the values extracted from our model show that: (i) our model can explain why using the ill-chosen extraction procedure gives densities varying with T and, (ii) these extracted carrier density values have no direct physical meaning. Here the ne value is roughly an order of magnitude higher than the values obtained assuming a 2-band model (Fig. 3c). The ratio between the nh value and the 2-band model values varies from about 1.5 to 3.5.

In the remainder of this section we make the case why our approach results in transport values that, while being approximate (see below), are most likely closer to the actual situation. The main advantages of our approach over the more common one or two-band approaches are: i) How we calculate ne and nh is physically sound and rigorous -assuming our FS and FL are correct. ii) The temperature variations are not due to physically untenable -for a metal-like conductor like Cr2AlCchanges in ne and nh with T, but due to the much more plausible respective variations of relaxation times with T (Fig. 2); iii) The low RH values are not due to the assumption that ne ≈ nh, [START_REF] Hettinger | Electrical transport, thermal transport, and elastic properties of M2AlC (M=Ti, Cr, Nb, and V)[END_REF], and iv) we do not assume an isotropic, spherical FS that ARPES and DFT calculations show to be much more complex and quasi-2D (Fig. 1a).

Of course, due to some of the crude approximations made, our model cannot give an accurate fitting of the transport data. In particular, our model strictly obeys Kohler's rule, and cannot be used to recover the particular scaling law with Hall angle first reported in Ref. [START_REF] Ouisse | Magnetotransport in the MAX phases and their 2D derivatives: MXenes[END_REF] for Cr2AlC. We also did not try to introduce an orientation dependent relaxation time, as proposed in Ref. [START_REF] Anderson | Hall Effect in the two-dimensional Luttinger Liquid[END_REF] to explain the scaling law with Hall angle observed in some high TC superconducting cuprates in their normal state.

This may be a useful avenue to pursue.

As detailed in [START_REF] Ito | Electronic structure of Cr2AlC as observed by angle-resolved photoemission spectroscopy[END_REF] both theoretically and experimentally, the Cr2AlC FS consists of a set of bulged, open tubes with a relatively small dispersion along c, indicating that Cr2AlC displays a quasi-2D character in the vicinity of EF. Since our calculations are purely 2D, it is worth showing that one obtains similar transport parameters for any extremal in-plane cross section of the 3D FS, because in such a case, carrying out a full 3D calculation should not substantially affect our conclusions. The justification of using a 2D model is thus better appreciated by repeating the same calculations using the minimal extremal cross section perpendicular to the tubes (A-plane, Fig. 1c) and the same relaxation times shown in Fig. 2 These calculations are reported as dotted lines in Fig. 3, which show that the obtained results are quite similar to the Γ-plane that exhibits maximal cross section. Although the relaxation times were chosen in order to optimize the fit with the FS cross section at the Γ-plane, it is clear from Fig. 2 that a set of relaxation times could have been selected in order to position the low T parts of both the A-and Γ-plane curves so that the average of the values corresponding to the two cross sections would fit the experimental value at the low T, impurity-limited resistivity saturation value. We note that in the varying part of the curve, the two cross sections give quite similar curves (Fig. 3).

Further analysis of the fitting parameters can also yield useful information: first, the input impurity or defect-limited mean free path, around 6.4 nm, roughly corresponds to a 2D defect density ≈ 2.4×10 12 cm -2 (or a 3D defect density around 3.8×10 18 cm -3 ), which is typical of a relatively poor single crystal quality (typical X-ray diffraction peak widths are 0.05-0.1°). It is worth noting that the room temperature magneto-transport data are still substantially affected by defect density. To illustrate this further, we plot in Fig. 2b the expected variation of RH at T = 300K as a function of defect density Nimp, which modifies the impurity mean free path as λimp∼1/Nimp 1/3 , and leaves everything otherwise fixed.

Fig. 2b shows that RH is strongly dependent on the defect density even in the T-range where the resistivity becomes almost linear with T, and where it is then generally assumed that phonon/electron scattering prevails. This is in line with, and could explain the large sample variability of RH observed in all MAX phases (see, e.g., the values reported in Ref. [START_REF] Barsoum | MAX phases: Properties of Machinable Ternary Carbides and Nitrides[END_REF]). This fact is only puzzling, however, if one wrongly believes that RH essentially depends on the carrier densities, which are not supposed to exhibit such a variability, whereas in metals with complex FS, and as demonstrated in this letter, RH also strongly depends on scattering.

Conclusion

Using a physically-based analytical approximation of the FS shape and Boltzmann's equation, we retrieved the experimentally measured temperature variations of RH, and all other transport parameters for Cr2AlC. As detailed above, our results illustrate, once again, that the parameters extracted by either the single or double-band methods bear no relation to the actual transport parameters. These methods thus cannot help in analyzing the physical properties of Cr2AlC or similar phases. Our analysis also indicates that this variation of RH with T is not directly connected to the observation of a scaling law with the Hall angle.

Since the overall amount of experimental magneto-transport data remains small, especially in the case of single crystals, the validity of our interpretation will have to be ascertained by the acquisition of a larger body of data. This comment notwithstanding, our approach provides a plausible explanation of magneto-transport in Cr2AlC which is physically sounder than invoking an unrealistic variation of carrier densities with T, as deduced from a mechanical application of the 2-band model extraction procedure. We suspect that our explanation could be extended to a number of other phases presenting similar, seemingly anomalous, variations of RH with T.

Table Captions

Table 1: Set of numerical values used in order to fit the 2D DFT derived FS in-plane extremal cross sections given by Eq. ( 1). The corresponding Fermi lines are shown in Fig. 1.a and c. The last four rows list the relaxation time parameters used for Fig. 2a.

Figure captions

Fig. 1: (a) Top view of the FS projection onto the Γ-plane as computed by DFT [START_REF] Bugnet | Experimental and first-principles investigation of the electronic structure anisotropy of Cr2AlC[END_REF], onto which is superimposed the fit of the Fermi lines in the Γ-plane using Eq. 1 and the parameters listed in Table 1 (white solid lines), (b) Fit of the Fermi lines in the G-plane using Eq. 1, (c) Fit of the Fermi lines in the Aplane using Eq. 1 and, (d) polar plot of the corresponding Fermi velocities in all bands. In (d) the color code is the same as in (b), but for the hole pockets, which give rise to 3 equivalent but differently oriented polar plots, 2 of them being represented by black solid lines and the third one by a black dashed line. 2) and a set of parameters given in Table 1. Those parameters are chosen in order to fit the experimental magneto-transport data shown in Fig. 3. Curves are for θ=0 and for the sake of clarity the only hole pocket shown is the upper one in Fig. 1b, for which vF is maximum for θ=0. (b) Theoretical variation of the Hall coefficient and conductivity as a function of defect density, using the phonon-related relaxation time parameters given in Table I. 2) and the set of parameters given in Table 1. Those parameters are chosen in order to fit the experimental magneto-transport data shown in Fig. 3. Curves are for θ = 0 and for the sake of clarity the only hole pocket shown is the upper one in Fig. 1b, for which vF is maximum for θ = 0. (b) Theoretical variations of the Hall coefficient (left-hand side y-axis) and conductivities (right-side y-axis) as a function of defect density, using the phononrelated relaxation time parameters listed in Table I. 
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 2 Fig. 2: (a) Plot of the relaxation time in each band, assuming Eq. (2) and a set of parameters given in
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 3 Fig. 3: Temperature dependencies of, (a) ρ, (b) RH, (c) MR for B=10T. Data points are either taken from[START_REF] Ouisse | Magneto-transport properties of nearly free electrons in two-dimensional hexagonal metals and application to the Mn+1AXn phases[END_REF] or using the same set of experimental data. Solid and dotted lines are the fits using the extremal Fermi line cross section in the Γand A-planes shown in Figs.1b and c, respectively, and the relaxation times shown in Fig.2a.

Fig. 4 :

 4 Fig. 4: Temperature dependencies of, (a) two-band model carrier density, (b) two-band model carrier mobilities, and (c) one-band model carrier density. Points and lines in (a), (b) and (c) are extracted from the transport parameters ρ, RH and MR by assuming an isotropic band model. Data points are taken from [16]. Solid and dotted lines are the fits using the extremal Fermi line cross section in the Γand A-planes shown in Figs. 1b and c, respectively, and the relaxation times shown in Fig. 2a. Experimental and computed values in (a), (b) and (c) do not represent actual values, since in our model carrier densities do not vary with T (see text).
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 1 Fig.1: (a) Top view of the FS projection onto the Γ-plane as computed by DFT[START_REF] Bugnet | Experimental and first-principles investigation of the electronic structure anisotropy of Cr2AlC[END_REF], onto which is superimposed the fit of the Fermi lines in the Γ-plane using Eq. 1 and the parameters listed in Table1(white solid lines), (b) Fit of the Fermi lines in the G-plane using Eq. 1, (c) Fit of the Fermi lines in the Aplane using Eq. 1 and, (d) polar plot of the corresponding Fermi velocities in all bands. In (d) the color code is the same as in (b), but for the hole pockets, which give rise to 3 equivalent but differently oriented polar plots, 2 of them being represented by black solid lines and the third one by a black dashed line.
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