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Introduction

Due to the requirement of high melting temperature, low tritium retention as well as low erosion under high heat and particle fluxes, Tungsten (W) has been considered as a promising candidate for plasma-facing components (PFCs) [START_REF] Rion | Hydrogen isotope retention and recycling in fusion reactor plasma-facing components[END_REF][START_REF] Bolt | Materials for the plasma-facing components of fusion reactors[END_REF][START_REF] Philipps | Tungsten as material for plasma-facing components in fusion devices[END_REF] in present as well as in future fusion reactor operating with deuterium-tritium (D-T). However, tokamak operation with metallic plasma-facing components raises issues regarding the control of high-Z impurities in the confined plasma. Accumulation of high Z impurities such as W (atomic number 74, atomic mass 183.84) in the core can lead to a significant reduction of the central plasma temperature due to large radiative power losses resulting from line radiation of partially ionized tungsten atoms. This means that the accumulation of W in the inner core can have highly deleterious effects on fusion performance. Consequently, accumulation of W has to be avoided to keep concentrations in the core plasma less than few n W ∼ 10 -5 n D to sustain high Q plasmas [START_REF] Kallenbach | Tokamak operation with high-z plasma facing components[END_REF].

In ITER, the transport of W is expected to be determined by neoclassical and turbulent processes, which strongly depends on the gradients of main ion density and temperature, as well as on rotation profiles. In the central region of JET plasmas, neoclassical transport (diffusion and pinch) tends to determine W peaking, with sometimes a contribution from turbulent diffusion. From mid-radius outwards, W peaking is mostly determined by turbulent transport (diffusion and pinch) [START_REF] Putterich | Observations on the w-transport in the core plasma of JET and ASDEX upgrade[END_REF][START_REF] Angioni | Tungsten transport in JET h-mode plasmas in hybrid scenario, experimental observations and modelling[END_REF][START_REF] Casson | Theoretical description of heavy impurity transport and its application to the modelling of tungsten in JET and ASDEX upgrade[END_REF]. To predict the W core transport behaviour accurately in the central part, one needs first to predict the density and temperature gradients of the main ions in this region. Study of turbulent transport in the central part, ρ < 0.3, is crucial to this respect because this is the region where W accumulation can take place in ITER [START_REF] Loarte | Evaluation of tungsten transport and concentration control in iter scenarios Preprint: 2016 IAEA Fusion Energy Conference[END_REF][START_REF] Köchl | W transport and accumulation control in the termination phase of JET h-mode discharges and implications for ITER[END_REF]. Predicting core transport in the region ρ < 0.3 is also very important for the fusion reaction rate. It has, however, not been explored extensively so far, and previous studies mostly focused on the edge and core regions, ρ > 0.3.

In the inner core region, the key questions are 1) is the plasma linearly unstable? 2) If yes, is turbulent diffusion sufficient to offset the neoclassical (inward) pinch of W, up to which radius and how sensitive this is to the background gradients? An auxiliary question is whether the quasi-linear (QL) approximation is valid in the inner core and up to which degree standard reduced quasi-linear models such as QuaLiKiz (QuasiLinear gyroKinetic) [START_REF] Bourdelle | A new gyrokinetic quasilinear transport model applied to particle transport in tokamak plasmas[END_REF] or TGLF (Trapped Gyro-Landau-Fluid) [START_REF] Staebler | A theorybased transport model with comprehensive physics[END_REF] can be used in the central zone.

The goal of the present work is to investigate the characteristics of core micro-instabilities and test the quasi-linear approximation using linear and non-linear gyrokinetic simulations in the central zone of the JET hybrid H-mode discharge #75225 using the gyrokinetic code GKW [START_REF] Peeters | The nonlinear gyro-kinetic flux tube code gkw[END_REF] in the local approximation limit. Comparisons with the radial region, ρ > 0.3, where extensive analyses were already performed [START_REF] Moradi | Core micro-instability analysis of JET hybrid and baseline discharges with carbon wall[END_REF][START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF] are also presented.

The paper is organised as follows: In section 2 the simulation setup and input parameters used for the GKW runs are discussed. Section 3 presents the linear simulation results of the hybrid plasma discharge 75225. The non-linear simulation results are given in section 4. In section 5, quasilinear flux modelling is presented. Finally, we discuss the results and conclude in section 6.

Reference plasma and gyrokinetic simulations setup

The JET hybrid H-mode discharge 75225 is chosen for our study. This hybrid discharge of the Carbon wall era was analysed in detail in [START_REF] Moradi | Core micro-instability analysis of JET hybrid and baseline discharges with carbon wall[END_REF][START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF][START_REF] Hobirk | Improved confinement in JET hybrid discharges[END_REF][START_REF] Garcia | On the different physical mechanisms for accessing hybrid scenarios on JET[END_REF]. It has high-quality core profile measurements for electron and main ions (Thomson scattering and charge exchange spectroscopy), no sawteeth (q > 1) and no other significant core MHD activity in the selected time interval, t = 6.0 -6.5 s. Numerical simulations are performed using the δf gyro-kinetic code GKW [START_REF] Peeters | The nonlinear gyro-kinetic flux tube code gkw[END_REF] in the local approximation limit. GKW is a gyrokinetic flux tube code used to study micro-instabilities and turbulent transport in magnetic confinement plasmas. It solves the gyro-kinetic (GK) Vlasov equation coupled to Maxwell's equations (Poisson's and Ampere's equations) in the 5-dimensional space. The simulation input parameters are calculated using plasma profiles obtained from Gaussian process regression (GPR) of experimental measurements [START_REF] Ho | Application of gaussian process regression to plasma turbulent transport model validation via integrated modelling[END_REF]. The experimental input plasma profiles with GPR fits for the electron density n e , electron temperature T e , ion temperature T i and toroidal rotation frequency Ω tor are shown in figure 1. Simulations are performed for three species (deuterium, electron, and carbon), including parallel magnetic vector potential (δA || ) and parallel magnetic field (δB || ) fluctuations, rotation (drive from parallel velocity gradient and inertial effects) and collisions. In some cases, the fast ion population from the Neutral Beam Injection (NBI) is added as a fourth species, with a Maxwellian distribution function. Approximating the fast-ion distribution function as a Maxwellian was shown to change the growth rate of ITG modes by about 10% [START_REF] Di Siena | Non-maxwellian fast particle effects in gyrokinetic gene simulations[END_REF]. The magnetic equilibrium is specified using the Miller parametrisation [START_REF] Miller | Noncircular, finite aspect ratio, local equilibrium model[END_REF]. A linearised Fokker-Planck collision operator is used to model collisions including the pitch-angle scattering, energy scattering and collisional friction terms. All species collisions are retained in the simulations. Following linear grid convergence tests, the typical grid parameters chosen in our linear analysis are as follows: 64 points in the parallel velocity direction, 16 magnetic moments and 32 points discretisation in the parallel direction. The number of poloidal turns is varied from 5 to 50 depending on the value of the magnetic shear and k θ ρ i (more extended mode structure at low magnetic shear and low k θ ρ i ). The linear stability analysis is carried out from ρ = 0.15 to ρ = 0.6, where ρ is the normalised toroidal flux coordinate. The corresponding local plasma input parameters are listed in table 1.

In this table, the normalized gradients for density and temperature are defined as: R/L n = -(R 0 /n)(∂n/∂r), R/L T = -(R 0 /T )(∂T /∂r), R 0 = (R min + R max )/2 being the reference major radius, T the temperature, n the density and r the minor radius defined as r = (R max -R min )/2, where R max and R min are the maximum and minimum major radius of each flux surface respectively. q is the safety factor, ŝ = (r/q)dq/dr is the magnetic shear and ν is the reference normalized collisionality from which inter-species collisionalities are computed:

ν = nie 4 ln Λ e/i 4π 2 0 m 2 e v 3
th,e The actual electron to ion collisionality used in the code is enhanced to take into account the impact of impurities not included as a kinetic species (the Z eff value obtained with the C impurity alone is lower than the actual Z eff value measured from Bremsstrahlung emission). The electron plasma beta is defined as β e = 2µ 0 n e T e /B 2 ref .

Note that the beta value given in input in GKW is 2µ 0 n e T i /B 2 ref , which differs for the electron beta by a factor T i /T e . Moreover, in the code, the main ion mass is chosen as reference m ref , the equilibrium electron density on the flux surface as n ref , and the ion temperature as T ref . The reference magnetic field B ref is defined as the toroidal magnetic field at R 0 . The normalized toroidal rotation velocity is defined as u = R 0 Ω/v thref with Ω > 0 for a plasma flowing in the direction of B and Ω the angular velocity and u is the toroidal rotation gradient: u = -R 2 0 (∂Ω/∂r)/v thref . The radial derivative of the plasma pressure entering the Miller parametrisation is given by β = (2µ 0 R 0 /B 2 ref )(dp/dr). = r/R 0 is the inverse aspect ratio, κ the elongation, δ the triangularity, ζ the squareness and their radial derivatives s κ = (r/κ)∂κ/∂r, s δ = r∂δ/∂r/ √ 1 -δ 2 and s ζ = r∂ζ/∂dr. The radial derivative of the flux surface center major radius and elevation are R mil = ∂R mil /∂r and Z mil = ∂Z mil /∂r, respectively.

The Miller parametrisation is computed from the EFIT equilibrium reconstruction constrained by MSE measurements and including the fast ion pressure. A separate magnetic equilibrium without the fast ion pressure has been calculated with the CHEASE code [START_REF] Lütjens | The chease code for toroidal mhd equilibria[END_REF] and the corresponding Miller parametrisation for this case is listed in table 2. The main difference between the two equilibria is a larger radial derivative of the total pressure, β , and of the center flux surfaces R mil for ρ > 0.3 when the fast ion pressure is included in the magnetic equilibrium. At ρ = 0.15, the nominal value of the magnetic shear is 0.01. At such a low magnetic shear, the distance between resonant flux surfaces δ = 1 nq , where q = ∂q/∂r and n is the toroidal mode number, becomes comparable to the plasma minor radius and the validity of the ballooning representation may be questioned (although in practice, it depends on the radial mode extent). To be on the safe side, the value of the magnetic shear at this location has therefore been increased to 0.05, which is well within the uncertainty on this quantity. The validity of the ballooning approximation is checked a posteriori in Sec. 3.2 and the impact of the magnetic shear value on the mode growth rate is explored in figure 6.

Linear stability

Overview across the minor radius and impact of fast ions

This section presents the linear simulation results obtained in the core of the JET hybrid H-mode #75225, from ρ = 0.15 to ρ = 0.6. In figure 2, the linear growth rate and real frequencies spectra are shown at three radial locations ρ = 0.15, ρ = 0.33 and ρ = 0.60, as a function of k θ ρ i , where k θ is the binormal wave vector and ρ i = m i v thref /(eB ref ) is the reference ion Larmor radius. In this figure, the impact of the fast ion population is investigated by performing three sets of simulations: 1) with fast ions as a kinetic species and with the fast ion pressure in the magnetic equilibrium (red curve), 2) without fast ions as a kinetic species and without the fast ion pressure in the magnetic equilibrium (green line), 3) without fast ions as a kinetic species and with fast ion pressure in the magnetic equilibrium (blue line). At ρ = 0.15, all the linearly unstable modes rotate in the ion diamagnetic drift direction (ω r > 0) and have a real frequency much larger than their growth rate. These modes are identified as Kinetic Ballooning Modes (KBMs), a point that will be further clarified later in the paper (section 3.2). As often, see e.g. [START_REF] Doerk | Gyrokinetic prediction of microtearing turbulence in standard tokamaks[END_REF], Micro-Tearing Modes (MTM) are obtained at the lowest k θ ρ i , characterised by their negative frequency and the even parity of the vector potential fluctuations. In the present case, these MTMs are linearly stable but will matter for the quasi-linear analysis of section 5. Including fast ions as a kinetic species decreases the KBMs growth rate by about 20%, whereas the fast ion pressure in the magnetic equilibrium has almost no impact on the mode growth rate, simply because it has almost no impact on the Miller parameters at this location. At ρ = 0.6, the most unstable modes are Ion Temperature Gradient (ITG) modes. Including the fast ions as a kinetic species is found to reduce the mode growth rate, consistently with the previous gyrokinetic analysis performed using the gyrokinetic code GENE [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF]. When the fast ion pressure is included in the magnetic equilibrium reconstruction, the ITG mode growth rate increases as observed in [START_REF] Bourdelle | Stabilizing impact of high gradient of β on microturbulence[END_REF], where increasing β in the local Grad-Shafranov equilibrium (i.e. increasing β keeping the other Miller parameters fixed) first leads to a destabilisation of the ITG. At the intermediate position, ρ = 0.33, the situation is more complex. Without fast ions as a kinetic species nor in the magnetic equilibrium, the most unstable mode is an ITG at high k θ ρ i or a KBM at low k θ ρ i , as indicated by the jump in the mode frequency. Including the fast ion pressure in the magnetic equilibrium significantly stabilises the KBMs and barely affects the ITG modes. When fast ions Table 1: Normalized input parameters used in GKW simulations for the JET 75225 discharge selected in the time interval 6.0-6.5 s. The magnetic equilibrium includes the fast ion pressure. are included as a kinetic species, the KBM and ITG modes are stabilised, consistently with the picture at ρ = 0.15 and ρ = 0.6, except at low k θ ρ i where a mode with a higher frequency is excited. This fast ion driven mode was identified as a hybrid BAE (Beta induced Alfvén Eigenmode)/KBM mode in [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF]. The growth rate of this mode significantly decreases when lowering the kinetic fast ion pressure gradient by 30% (red dashed line in figure 2 (c) and (d)) as noted in [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF]. Note that the inputs used in the present gyrokinetic simulations slightly differ from those used in [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF]. For the main species, this is mostly due to the fact that here fits have been done using the recently developed GPR tools [START_REF] Ho | Application of gaussian process regression to plasma turbulent transport model validation via integrated modelling[END_REF]. For the fast ion population, the difference is larger since the present profiles are from the standard PENCIL [START_REF] Challis | Non-inductively driven currents in JET[END_REF] analysis of JET whereas the ones used in [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF] were obtained from higher fidelity NEMO-SPOT [START_REF] Schneider | Simulation of the neutral beam deposition within integrated tokamak modelling frameworks[END_REF] simulations. The dominant instabilities and the qualitative behaviour with respect to the impact of fast ions are nevertheless similar. The linear stability analysis is then extended to additional radial locations and the maximum linear growth rate is shown as a function of the radial location in figure 3.
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In the inner core region (ρ < 0.4), the dominant mode is found to be a KBM (full symbol). At the mid and outer radius (ρ ≥ 0. 3.2. Linear stability at ρ = 0.15

In the following, we will focus on the radial location ρ = 0.15, neglecting for the time being the impact of fast ions. The identification of the most unstable mode as a KBM will be supported and its parametric dependencies further documented. Unless otherwise stated, all linear simulations will be performed without fast ions as a kinetic species and with the fast ion pressure included in the equilibrium. The normalized parallel structure of the perturbed electrostatic potential (φ), vector potential (A ) and magnetic compression (B ) for the most unstable mode (k θ ρ i = 0.35 ) is given in figure 4 Re[φ] = 1 and Im[φ] = 0 at the χ position where |φ| is maximum. One poloidal turn corresponds to ∆χ = 1. The eigenfunctions are characterised by even parity in φ and odd parity in A , with the electrostatic perturbation amplitude higher than the magnetic perturbation amplitude. Note that as a result of the up-down asymmetry of the magnetic equilibrium and the finite values of the background toroidal flow u and parallel flow shear u which break the parallel symmetry, the parity of the eigenfunction is only approximate. It is important to note that the mode structures are extremely elongated along field lines especially for low wavenumbers and therefore a very high radial resolution was needed (up to 50 poloidal turns at low k θ ρ i ) to properly resolve the modes. The corresponding radial mode width in real space, obtained from a Fourier transform along the parallel coordinate, is about 5 cm and therefore much smaller than the minor radius a ∼ 1 m. This validates a posteriori the use of the local approximation at this low magnetic shear values. As shown in figure 5, varying R/L T i at fixed R/L n (blue curve) or varying R/L n at fixed R/L T i (red curve) has almost the same impact on the mode growth rate, which suggests that the mode is driven by the ion pressure gradient. The mode growth rate is weakly dependent on the normalised electron temperature gradient R/L T e as seen previously in [START_REF] Kumar | Linear stability of the inner core of JET plasmas using gyrokinetic simulations[END_REF]. The impact of the magnetic shear and the plasma beta is then investigated. A magnetic shear ŝ scan is plotted in figure 6 (a), where the nominal value of ŝ is represented by a vertical dotted line. The mode growth rate decreases with increasing the absolute value of the magnetic shear until complete stabilisation. The low absolute value of the magnetic shear appears to be critical for the existence of unstable modes in the inner core of these hybrid plasmas. To illustrate the impact of the magnetic shear on the parallel mode structure, the real component of the perturbed electrostatic potential φ r as a function of parallel coordinate χ for various values of the magnetic shear is shown in figure 6 (b). The mode extension along the field line gets reduced as the magnetic shear is increased. A plasma beta β e scan is performed for three magnetic shear values in figure 7. At β e = 0, γ = 0, hence there is no electrostatic instability present. Above the β e threshold, the mode growth rate increases with beta and the mode frequency slowly decreases with beta. The threshold in beta increases with the magnetic shear. The low magnetic shear in the core of these hybrid plasmas results in a low β threshold. We now examine the impact of the pressure gradient β on the local magnetic equilibrium, i.e. β is varied keeping fixed the kinetic species gradients and the other magnetic equilibrium parameters. This is equivalent to an α scan for an s -α equilibrium, where α = -R 0 q 2 β . As seen from the comparison of Table 1 and 2, a β scan differs from the self-consistent calculation of the magnetic equilibrium since in that case, the Shafranov shift is also modified. As shown in figure 8, increasing |β | has a strong stabilising impact on the mode. To finalise the parameter dependence study, the impact of T e /T i on the mode growth rate is investigated in figure 9, showing that an increase of T e /T i leads to an increase of the mode growth rate. The mode growth rate is found to be maximum around q ∼ 1 (figures not shown) as pointed out in [START_REF] Moradi | Core micro-instability analysis of JET hybrid and baseline discharges with carbon wall[END_REF]. In comparison to the impact of magnetic shear, β or β , the impact of the electron to ion temperature ratio T e /T i and safety factor q is smaller, but tends to favour the destabilisation of KBMs in electron heated plasmas with a q profile just above unity.

To summarise, the most unstable mode at ρ = 0.15 propagates in the ion magnetic drift direction with a real frequency much larger than the growth rate. The mode is driven by the ion pressure gradient and has an even (respectively odd) parity of eigenfunction in φ (respectively A ) with an extended mode structure at low magnetic shear. Above a critical value β crit e , the mode is destabilised and its growth rate increases with β e . The threshold in β e increases with the magnetic shear which is reminiscent of the dependence of the MHD ballooning limit β crit M HD ∼ 0.6ŝ/[q 2 0 (2R/L n + R/L T i +R/L T e )] expected to approximately reproduce the dependences of β crit e for KBMs [START_REF] Pueschel | Gyrokinetic turbulence simulations at high plasma beta[END_REF]. In addition, the mode is stabilised at high magnetic shear and high |β | ∝ α, as observed in [START_REF] Hirose | Erratum: "ion temperature gradient-driven ballooning mode in tokamaks[END_REF] for KBMs. The stabilising effect of |β | is expected for ballooning modes as it reduces the curvature drift. All these features lead to the identification of this mode as a KBM, consistently with [START_REF] Moradi | Core micro-instability analysis of JET hybrid and baseline discharges with carbon wall[END_REF]. Note that due to the low magnetic shear value, the MHD ballooning limit is rather low β crit M HD = 0.26% (value at nominal parameters) and the threshold for the KBM is higher than the MHD ballooning limit,

β crit e > β crit
M HD , as observed at low R/L Ti in [START_REF] Pueschel | Gyrokinetic turbulence simulations at high plasma beta[END_REF]. We conclude this section by remarking that the destabilisation of KBMs at high beta, low magnetic shear and higher T e /T i ratio, suggests that these results are directly relevant for the prediction of inner core transport in ITER scenarios.

Non-linear simulations at ρ = 0.15

In this section, the level of turbulent transport driven by KBM modes for the JET 75225 discharge at t = 6.0 -6.5 s and at ρ = 0.15 is investigated in the non-linear regime. The simulations are performed with N mod = 16 binormal modes and N x = 509 radial modes with a perpendicular box size of [L radial , L bi-normal ] = [126, 83] in units of ion Larmor radii. The poloidal wave vectors range from k θ ρ i = 0.1 to 1.5 and the radial wave vectors extend up to k r ρ i = ±12.3. The high value of N x was required to capture the elongated mode structures at low magnetic shear. A rather small time step of ∆t = 1.5 × 10 -4 (R 0 /v thi ) was required in the simulations to guarantee numerical stability. The other simulation parameters are the same as described earlier in section 2: ion, electron and carbon as kinetic species, no kinetic fast ions, magnetic equilibrium with fast ion pressure, interspecies collisions with Z eff = 1.74, no E × B shearing (γ E = 0), parallel velocity gradient drive and inertial effects (Coriolis and centrifugal forces).

The heat and particle fluxes are normalized as:

Q N,s = Q r s nsTsρ 2 * v thi ; Γ N,s = Γ r s nsρ 2 * v thi
, where ρ * = ρ i /R 0 is the normalized Larmor radius. The temporal evolution of the normalised non-linear electron and ion heat fluxes for the experimental input values of magnetic shear and plasma beta is presented in figure 10.

The fluxes are decomposed into E × B (blue), magnetic flutter (red) and magnetic compression (green) contributions. The corresponding time averages are illustrated by horizontal dotted lines with the same colour coding as in the left figure. As seen here, the ion heat flux is dominated by the E × B contribution, with almost negligible contributions from the magnetic flutter and magnetic compression. For the electron heat flux, the E × B contribution is still dominant but the magnetic flutter also contributes significantly. Here, the most striking observation is that the magnetic flutter contribution in the non-linear phase has an opposite sign and is much larger than that in the linear phase. This point will be further investigated in the section dedicated to the quasi-linear modelling.

The time-averaged heat and particle fluxes are then shown as a function of β e in figure 11. The value of ρ * = 0.0033 was used for converting normalized fluxes to SI unit at ρ = 0.15. The time interval for the temporal average was from 120 and 300R 0 /v thi for all cases. Here, the total fluxes are indicated by a black line and the E × B, magnetic flutter and magnetic compression contributions by coloured dotted lines blue, red and green. Heat fluxes for both the ion and the electron channels are observed to increase with increasing plasma beta. For ion heat transport, the fluxes are dominated by the E × B contribution. For electron heat transport, the magnetic flutter contribution increases with the plasma beta and becomes comparable to the E × B contribution at β e = 3.8%. The increase of heat and particle fluxes with β e in figure 11 is qualitatively consistent with the linear destabilisation of the KBMs mode at higher beta seen in figure 7.

In figure 12, the fluxes dependence on the magnetic shear ŝ is illustrated in a two-point scan. The non-linear heat and particle fluxes for both the ion and the electron channel are reduced with increasing magnetic shear, which is also in qualitative agreement with the KBMs stabilisation observed at higher ŝ in the linear simulations of figure 6.

The quantitative comparison of the non-linear fluxes with the experimental values would require to include the impact of fast ions, which have been seen to be slightly stabilising linearly in section 3 and known to non-linearly stabilise ITG turbulence [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF][START_REF] Citrin | Nonlinear stabilization of tokamak microturbulence by fast ions[END_REF]. The impact of profile shearing effects, which by assumption is not included in the local approximation, has been shown to decrease the linear growth rate of KBMs in hybrid H-modes [START_REF] Moradi | Core micro-instability analysis of JET hybrid and baseline discharges with carbon wall[END_REF] and should also be assessed.

Finally, a scan in the main KBM drive, R/L Ti and/or R/L n , would also be required as mandatory in any comparison of gradient-driven simulation predictions with the experiments. Such a study is beyond the scope of the present work, but it is nevertheless interesting to give the value of the experimental fluxes for reference. The electron and ion heat fluxes at ρ = 0.15, computed from power balance analysis with CRONOS in [START_REF] Citrin | Electromagnetic stabilization of tokamak microturbulence in a highβ regime[END_REF][START_REF] Garcia | Key impact of finite-beta and fast ions in core and edge tokamak regions for the transition to advanced scenarios[END_REF], are Q e = 16 kW/m 2 , Q i = 47 kW/m 2 and the particle flux is Γ = 3.6 × 10 1 8m -2 s -1 . The neoclassical ion heat flux, Q neo i = 13kW/m 2 , accounts for about a third of the experimental ion heat flux. The computed turbulent fluxes are, therefore, almost two orders of magnitude larger than the experimental ones, which strongly invites to extend the study and at least perform a scan in the KBM drives (R/L n and R/L T i ).

Quasilinear Flux Modeling

Quasilinear models are used extensively for the prediction of heat, particle and momentum fluxes without the expensive numerical cost of nonlinear simulations [START_REF] Casati | Validating a quasi-linear transport model versus nonlinear simulations[END_REF][START_REF] Kinsey | The first transport code simulations using the trapped gyrolandau-fluid model[END_REF]. The purpose of the present section is to test the validity of standard quasi-linear models based on the non-linear simulations of section 4 featuring KBM turbulence in the inner core of the JET 75225 discharge at t = 6.0 -6.5 s and ρ = 0.15.

Quasi-linear approximation

The quasi-linear approximation assumes that the phase difference between fluctuating fields (e.g. n and φ for the E × B particle flux) is similar in the linear and the non-linear regimes. This is usually observed of ITG and TEM turbulence and was more recently shown to also be valid for KBM turbulence [START_REF] Maeyama | Comparison between kinetic-ballooning-mode-driven turbulence and ion-temperature-gradient-driven turbulence[END_REF]. When this approximation holds, the quasi-linear fluxes can be computed as [START_REF] Bourdelle | A new gyrokinetic quasilinear transport model applied to particle transport in tokamak plasmas[END_REF][START_REF] Dannert | Gyrokinetic simulation of collisionless trapped-electron mode turbulence[END_REF]:

Q QL s,E×B = kr,k θ Q N s,E×B A 2 QL ( 1 
)
Q QL s,A = kr,k θ Q N s,A A 2 QL ( 2 
)
where the first term on the right hand side is the flux normalized to the mode amplitude obtained in linear simulations, Q N s = Q s /A 2 L , and the second term is an approximation of the nonlinear saturation amplitude: A QL ∼ A NL . In linear runs, the mode amplitude is defined as:

A L (k r , k θ , t) = |φ| 2 + |A | 2 + |B | 2 dχ dχ (3)
where χ is the parallel coordinate and the integral is performed over the full flux-tube domain, i.e. it includes several poloidal turns. In non-linear runs, an extra temporal average is added and the integral in the parallel direction is performed for one poloidal turn only:

A N L (k r , k θ , t) = 1 ∆t |φ| 2 + |A | 2 + |B | 2 dχdt(4)
with ∆t the length of the interval used for the temporal average.

In most quasi-linear models, the linear fluxes are computed at k r ρ i = 0 only, which is what is done here. We verified in figure 13 that the KBM growth rate and the linear fluxes vary very little with the radial wave vector.

- 
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Figure 13: Linear growth rate as a function of radial wave vector (k r ρ i ) for three different values of k θ ρ i , for the JET discharge 75225 at ρ = 0.15. The blue curve corresponds to k θ ρ i = 0.3, the red curve for k θ ρ i = 0.4 and the green represents k θ ρ i = 0.5.

5.1.1.

Mixing length model : A very common choice for the quasi-linear model is to define the saturated mode amplitude based on a mixing length estimate [START_REF] Dannert | Gyrokinetic simulation of collisionless trapped-electron mode turbulence[END_REF]:

W 1 = C 1 max γ k 2 ⊥ , 0 (5) 
and assume A 2 QL = W 1 to compute the quasi-linear fluxes using Eq. ( 1). Here, k 2 ⊥ is an effective perpendicular wavevector defined as:

k 2 ⊥ = k ⊥ (s) 2 |φ| 2 dχ |φ| 2 dχ (6)
where the integral is performed along the whole flux tube. The main drawback of this model is that linearly stable modes will never contribute to the quasi-linear fluxes. As we will see, in the present case, this prevents from capturing the magnetic flutter fluxes at low k θ ρ i .

5.1.2. QuaLiKiz model : Another widely used quasilinear model is the one integrated in QuaLiKiz [START_REF] Bourdelle | A new gyrokinetic quasilinear transport model applied to particle transport in tokamak plasmas[END_REF][START_REF] Citrin | Qualikiz saturation rule[END_REF]. In this model, the saturated mode amplitude is approximated by:

W n = C n S k max γ k 2 ⊥ 1 k θ ρ max i (7) with S k = k θ ρ i k θ ρ max i xn for k θ ρ i < k θ ρ max i (8) 
S k = k θ ρ i k θ ρ max i -3 for k θ ρ i > k θ ρ max i (9) 
where the maximum of γ/ k 2 ⊥ is taken over the k θ ρ i spectrum and k θ ρ max i is the wave vector at which this maximum is reached. Here, we will test two different spectral shapes: W 2 and W 3 with x 2 = 1 and x 3 = 2, respectively, to highlight the sensitivity of the magnetic flutter fluxes to the spectral rule used at low k θ ρ i . W 2 is the present choice in QuaLiKiz. Note that the QuaLiKiz model includes other-dimensional terms that are absorbed in the C n factor since they do not vary in the present study. The QuaLiKiz model also offers the possibility to account for the contributions of several eigenmodes per wavevector. In the present work, we consider only the contribution from the most unstable mode. The constants C 1 , C 2 and C 3 are unique and set by matching the ion heat flux in the non-linear simulation performed at nominal parameters.

Linear heat and particle fluxes

The linear heat and particle fluxes normalised to the mode amplitude are presented in figure 14 as a function of k θ ρ i for the nominal parameters at ρ = 0.15. The flux contribution due to magnetic flutter and compression part for particle and heat (electrons, ions) is negligible compared to the E × B part, except at low k θ ρ i modes. At k θ ρ i = 0.1, the electron heat flux from magnetic flutter contributions is about 9.4 (this point cannot be seen in the figure 14 (b)) and largely exceeds the E×B contribution. The large (normalised) electron heat flux from magnetic flutter is observed in the spectral region where micro-tearing modes are identified in figure 2. These micro-tearing modes are linearly stable (γ < 0) but are nevertheless the modes with the largest growth rate at low k θ ρ i values.

Comparison of quasi-linear and non-linear spectra

The non-linear k θ ρ i spectra of φ and A are compared to the various quasi-linear spectra introduced above for different plasma beta and magnetic shear in figures 15 and 16. Here, figure 15 (a) is for β e = 2.4%, (b) for β e = 3.2%, (c) corresponds to β e = 3.8% at nominal magnetic shear (ŝ = 0.05) and (d) is for higher magnetic shear ŝ = 0.1 at nominal beta (β e = 3.2%). The values of A 2 A ,N L are much lower than that of A 2 φ,N L , but the φ and A non-linear spectra have a very similar shape. At higher beta, the peak of nonlinear spectra are shifted towards low k θ ρ i values, as previously observed in [START_REF] Candy | Beta scaling of transport in microturbulence simulations[END_REF]. Note that the non-linear spectra are much less peaked than those observed in [START_REF] Maeyama | Comparison between kinetic-ballooning-mode-driven turbulence and ion-temperature-gradient-driven turbulence[END_REF] for the Cyclone Base Case at R/L Te = 0 and are more typical of those observed for ITG turbulence. The quasi-linear spectra are normalised to the peak of the non-linear spectrum to focus on how accurately they reproduce the shape of the non-linear spectra. As anticipated, the standard mixing length model does not capture the finite amplitude of the fields for k θ ρ i < 0.3 since all linear modes are stable in this region. The QuaLiKiz-like model performs much better to this respect, especially the W 3 variant. All models fail to capture the variation of the spectral width and peak location with β.

Comparison of quasi-linear fluxes with non-linear simulations

The quasilinear heat, particle and momentum fluxes obtained with the quasilinear models W 1 , W 2 and W 3 are now compared with the non-linear fluxes, using the same k θ ρ i grid as in the non-linear simulations to compute the normalised linear fluxes. A scalar multiplication factor of C 1 = 12.4, C 2 = 4.24 and C 3 = 4.32 is used to match the computed quasilinear ion heat flux with the non-linear simulations at β e = 3.2%.

E × B fluxes

The corresponding E × B heat, particle and momentum fluxes are plotted in figure 17 for the beta scan. All quasi-linear models yield comparable results for the E × B part of the electron and ion heat fluxes. The general trend of increasing E × B heat flux with β is captured but the steeper increase at high β is underestimated by 20 to 25% by all models. The same situation is observed for the E × B particle and momentum fluxes, i.e. the increase of the flux with β is well captured at low β but underestimated by some 25% at β e = 3.8%. For the momentum flux, the W 3 model performs significantly better than the others do. The comparison is then extended to the magnetic shear scan in figure 18. The quasi-linear heat, particle and momentum E × B fluxes decrease with a higher absolute value of magnetic shear, in qualitative agreement with the non-linear results. Quantitatively, the mixing length model W 1 perform the worst and underestimates the ion heat flux found with GKW non-linear results by ∼ 42% and electron heat flux by ∼ 53% at high magnetic shear ŝ = 0.1. The best results are obtained with the W 3 model which underestimates the ion heat flux by ∼ 14% whereas it in good agreement for the electron heat flux at higher magnetic shear. The same trend is obtained for the particle and momentum flux, with W 3 performing significantly better than the other models.

Magnetic flutter fluxes

As seen in figure 11 and 12, the only non-negligible magnetic flutter contribution is to the electron heat flux. We will therefore focus on this channel for the comparison with the quasi-linear models. The fluxes obtained with the W 1 , W 2 and W 3 models are compared to the non-linear fluxes in figure 19. The mixing length model W 1 strongly underestimates the magnetic flutter contribution, as anticipated, since it cannot capture the contribution from the linearly stable micro-tearing modes at k θ ρ i < 0.2. In contrast, the W 2 and W 3 models strongly overestimate the magnetic flutter heat flux. The factor of 3 difference between the electron heat flux predictions of the W 2 and W 3 models highlights the extreme sensitivity to the model amplitude for the lower end of the k θ ρ i spectrum.

To better understand this discrepancy, the ratio of the A fluctuations amplitude to the total fluctuation amplitude is shown in figure 20 as a function of k θ ρ i for linear and non-linear simulations. For k θ ρ i > 0.2, this ratio is observed to be comparable in linear and nonlinear simulations, but at k θ ρ i = 0. is more than 10 times larger than the non-linear one. Linearly, the ratio A 2 A /A 2 at low k θ ρ i is governed by the most unstable mode, i.e. micro-tearing modes the present case. Since these modes are linearly stable the evolution of their amplitude tends to be dominated by the non-linear interactions, which results in a much smaller value of A 2 A /A 2 at k θ ρ i = 0.1 in the non-linear regime.

In an attempt to capture this effect in the QuaLiKiz-like quasi-linear model, we introduce an extra normalisation of the magnetic flutter fluxes. We first assume that:

A A ,N L A NL ∼ A A ,L (k θ ρ max i ) A L (k θ ρ max i ) (10) 
and then, introduce the following quantity:

A ratio = A L (k θ ρ i ) A A ,L (k θ ρ i ) A A ,L (k θ ρ max i ) A L (k θ ρ max i ) (11) 
that is used to renormalise the amplitude of A in the magnetic flutter fluxes based on the in Eq. ( 10):

Q QL s,A = k θ Q N s,A A 2 QL A ratio (12) 
This model will be referred as W * 2 and W * 3 and is compared to the non-linear results in figure 21. The renormalisation of A in the linear magnetic flutter 3 . The extreme sensitivity to the assumption used for the low k θ ρ i part of the spectrum is again highlighted by comparing W * 2 and W * 3 : more than a factor of three difference on the magnetic flutter electron heat flux can be obtained with a modest change in the quasi-linear spectrum. The non-linear excitation of sub-dominant MTMs and their contribution to magnetic flutter transport is an area of research on its own [START_REF] Hatch | Origin of magnetic stochasticity and transport in plasma microturbulence[END_REF][START_REF] Hatch | Magnetic stochasticity and transport due to nonlinearly excited subdominant microtearing modes[END_REF] and it is clear that more work is required to accurately predict the magnetic flutter fluxes in a quasi-linear model. It is nevertheless encouraging to see that once the saturated level of A is captured, standard quasi-linear models predictions are of the right order of magnitude compared to non-linear results. To summarise this section, the quasi-linear ion and electron heat fluxes and particle fluxes estimation for three different QL models are found in reasonable agreement with nonlinear fluxes amplitude for the E × B contribution with some departure at higher beta and high magnetic shear, especially for the basic mixing length model (W 1 ). For the magnetic flutter contribution to the electron heat flux, which represents about half of the total E × B electron heat flux, capturing the contribution of linearly stable micro-tearing modes excited in the non-linear regime is essential. This proves to be a difficult exercise, extremely sensitive to the exact value of the saturated A values at low k θ ρ i . The QuaLiKiz-like mixing length model (W * 3 ) yields the best results, even though further improvements would be desirable.

Conclusions

To better understand turbulent transport and to test the quasi-linear approximation in the central region of tokamak plasmas, close to the magnetic axis, a linear and non-linear gyro-kinetic investigation has been carried out for JET high-β MHD-free hybrid Hmode discharge 75225 in the time interval t=6.0 -6.5 s at ρ = 0.15 using the gyro-kinetic code GKW in the local approximation. It is found that in spite of lower gradients close to the magnetic axis, the plasma is linearly unstable and that turbulent transport is non-negligible in the central part. The pressure-driven instability arising in this region has been identified as a Kinetic Ballooning Mode (KBM). It has an extended poloidal mode structure due to the low magnetic shear. The low magnetic shear and high plasma beta are the main parameters responsible for the destabilisation of KBM in this region. The KBM is found to be the most unstable mode in the inner core plasma region up to ρ = 0.33, whereas at mid and outer radius, ρ > 0.4, ITG is the dominant instability. The excitation of KBMs is also seen non-linearly where the non-linear fluxes increase with higher beta and lower |ŝ| consistently with linear results. Nonlinearly, the E × B contribution to the ion heat flux is found to be dominant. For the electron heat flux, a sizeable contribution from the magnetic flutter flux is observed. This contribution arises from stable microtearing modes at k θ ρ i < 0.2 that are excited nonlinearly. We have also tested the validity of various quasi-linear models employed in standard quasi-linear codes. At ρ = 0.15, we found that the quasi-linear fluxes estimates are in agreement with non-linear fluxes for the E × B contributions with some departure at high beta. However, these models fail to capture the magnetic flutter contribution to the electron heat fluxes due to the non-linearly excited micro-tearing modes. An extension of the model used in QuaLiKiz is shown to improve the description of the magnetic flutter contribution, even though further work would be required to obtain a robust model.

A sizeable level of turbulent diffusion transport in the inner plasma core is favourable to avoid W neoclassical accumulation, although by flattening the core particle peaking, it is unfavourable for the fusion gain. Turbulent diffusive-like particle transport can mitigate the neoclassical inward pinch of W in the inner core and help in preventing W accumulation. This mechanism could be particularly relevant for ITER where the level of neoclassical transport to overcome is low and the plasma beta for high Q operation is high. To test this mechanism, the present gyrokinetic analysis has been extended to the ITER conventional H-mode scenario in DT with 15 MA plasma current and Q=10. Reference profiles for this case were obtained from ASTRA simulations using a scaling based transport model for the core and with EPED1+SOLPS pedestal for the H-mode Hy2, 98 = 1 [START_REF] Polevoi | Integrated simulations of hmode operation in ITER including core fuelling, divertor detachment and ELM control[END_REF]. It is found that KBM is also unstable for this predicted ITER H-mode case. The next steps of this work are to expand this evaluation to other ITER low Q scenarios, such as the Q = 5 steady-state one, and predict the impact of the profile flattening induced by KBM turbulence on the fusion gain and W accumulation.

Figure 1 :

 1 Figure 1: Plasma input profiles obtained from GPR fits of experimental measurements as a function of the normalized toroidal flux ρ for (a) electron density, (b) electron temperature, (c) ion temperature and (d) toroidal rotation frequency. Blue points represent the experimental measured data points with error bars for the JET discharge 75225 and the red (solid) lines show the GPR fit. The shaded area represents the error bars for the GPR fits and all errors are depicted as ±2σ.

  Λ e/i the Coulomb logarithm and v thref = 2T ref /m ref the reference thermal velocity of the considered species.

Figure 2 :

 2 Figure2: Linear growth rate (top) and real frequency (bottom) spectra as a function of k θ ρ i , for the JET discharge 75225 at different radial locations: (a) and (b) at ρ = 0.15, (c) and (d) at ρ = 0.33, (e) and (f ) at ρ = 0.60. The green curve represents the case without kinetic fast ions and without fast ion pressure in the magnetic equilibrium. The blue line correspond to the case without kinetic fast ions but the magnetic equilibrium includes the fast ion pressure. The red curve indicates the case with kinetic fast ions and fast ion pressure in the magnetic equilibrium, with the nominal fast ion pressure for the kinetic species (full line) or reduced by 30% (dashed line).

  as a function of the parallel coordinate χ at ρ = 0.15. The perturbed fields δφ, δA and δB are normalised as follows: φ = α L eδφ ρ * Ti , A = α L δA ρ 2 * B ref R0 , and B = Kinetic FI, FI mag. equil pressure No Kinetic FI, FI mag. equil pressure No Kinetic FI , No FI mag. equil pressure

Figure 3 :Figure 4 :

 34 Figure 3: Growth rate of the most unstable modes as a function of radial location ρ, for the JET 75225 discharge. Full symbols are used for KBM modes and open symbols for ITG modes. The (red) full star symbol at ρ = 0.33 corresponds to a hybrid BAE/KBM mode destabilised due to kinetic fast ions. Same color code as in figure 2.

Figure 5 :

 5 Figure5: Growth rate as a function of the main ion pressure gradient for the most unstable mode, for the JET discharge 75225 at radial location ρ = 0.15 and k θ ρ i = 0.35. Blue (open circle) curve for the case when the main ion density gradient (R/L nD ) is constant and the main ion temperature gradient (R/L T i ) is varied, (red square) represents the case when the main ion temperature gradient is constant and the main ion density gradient is varied. The vertical (dotted) line indicates the experimental pressure gradient.

Figure 6 :

 6 Figure 6: Linear growth rate as a function of ŝ (a) and parallel mode structure of φ as a function of parallel coordinates χ for various values of ŝ (b) for the most unstable mode, for the JET discharge 75225 at ρ = 0.15 and k θ ρ i = 0.35.

Figure 7 : 3

 73 Figure 7: β e scans for various values of ŝ, for the JET discharge 75225 at ρ = 0.15 and k θ ρ i = 0.35. The top panel (a) shows the linear growth rates and the bottom panel (b) shows the corresponding frequencies for the most unstable mode. The blue curve is for experimental value of ŝ and vertical (dotted) line represents the corresponding nominal value of β e (3.2%).

Figure 8 :

 8 Figure 8: Growth rate as a function of |β |, for the JET discharge 75225 at ρ = 0.15 and k θ ρ i = 0.35. The vertical dotted line indicates the nominal value of |β |.

Figure 9 :

 9 Figure 9: Growth rate as a function of T e /T i , for the JET discharge 75225 at ρ = 0.15 and k θ ρ i = 0.35. The vertical dotted line indicates the nominal value of T e /T i .
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 101112 Figure 10: Time trace of nonlinear ion (a) and electron (b) normalised heat fluxes for the JET 75225 discharge at ρ = 0.15 for the reference case. The blue curve represents the E × B contribution to the fluxes, the red curve the magnetic flutter contribution (A ) and the green curve the magnetic contribution (B ).

Figure 14 :Figure 15 :

 1415 Figure 14: Linear ion (a), electron heat fluxes (b), and particle fluxes (c) normalised with the mode amplitude as a function of k θ ρ i , for the JET 75225 discharge at ρ = 0.15. The blue ( * ) curve corresponds to flux contribution due to E × B, the red (×) for magnetic flutter and green (+) for magnetic compression part.

Figure 16 :Figure 17 :

 1617 Figure16: Normalized quasilinear spectra and GKW non-linear saturated vector potential for different plasma beta β e = 2.4% (a), β e = 3.2% (b), β e = 3.8% (c) with nominal magnetic shear, and for higher magnetic shear ŝ = 0.1 at nominal plasma beta (d) as function of k θ ρ i , for the JET discharge 75225 at ρ = 0.15. The quasi-linear spectra are normalized to the maximum of the nonlinear ones. The red curve (square) corresponds to nonlinear, the blue (+) to the quasi-linear model W 1 , the green (×) for W 2 and the magenta ( * ) for W 3 .
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 1819 Figure 18: E × B ion and electron heat fluxes (a) and particle and ion momentum flux (b) as a function of the magnetic shear ŝ, for the JET 75225 discharge at ρ = 0.15. The solid lines are for the non-linear results and the dashed lines for the quasilinear models. The plus signs + corresponds to the QL model W 1 , the crosses × are for W 2 and the star * are for W 3 .

Figure 20 : 2 A

 202 Figure 20: Ratio of the A fluctuations amplitude, A 2A to the total fluctuation amplitude A 2 as a function of k θ ρ i in linear and non-linear simulations, for JET 75225 at ρ = 0.15.

Figure 21 :

 21 Figure 21: Magnetic flutter ion and electron heat fluxes as a function of β e (a) and magnetic shear (b) for the JET 75225 discharge at ρ = 0.15. The solid lines are the non-linear results and the dashed lines are for the quasi-linear models. The plus signs + corresponds to the model W 1 , the crosses × are for W * 2 and the star * are for W * 3 .

Table 2 :

 2 Miller parameters for the magnetic equilibrium without including the fast ion pressure.

	15 4.23 1.99 1.80 0.69 5.60 -0.70 1.51 0.80 0.01 0.12	3.19	0.32 0.59 1.74 0.015
	0.20 5.57 2.70 -0.58 0.72 6.05 -1.13 1.97 -0.88 0.01 0.12	2.96	0.32 0.80 1.74 0.016
	0.25 6.60 3.31 2.41 0.76 6.63 -1.45 2.32 1.84 0.01 0.13	2.69	0.32 0.99 1.74 0.017
	0.33 7.70 4.09 9.64 0.84 6.05 -1.51 2.74 8.97 0.01 0.10	2.23	0.32 1.31 1.74 0.020
	0.40 7.85 4.51 10.71 0.91 7.76 -0.87 2.90 10.24 0.02 0.07	1.85	0.31 1.57 1.74 0.022
	0.50 6.30 5.15 4.44 1.04 4.64 2.70 3.15 3.41 0.02 0.06	1.39	0.29 1.88 1.74 0.027
	0.60 5.90 5.50 9.61 1.05 4.63 4.41 3.33 7.96 0.02 0.06	1.03	0.24 0.24 1.74 0.035
	ρ	q	ŝ	β	κ	δ	ζ	s κ	s δ	s ζ	R mil Z mil
	0.15 0.05 1.10 0.05 -0.37 1.35 0.02 0.001 -0.004 0.01 0.003 -0.08 -0.005
	0.20 0.07 1.10 0.02 -0.48 1.35 0.02 0.001 -0.007 0.02 -0.00 -0.10 -0.008
	0.25 0.09 1.11 0.05 -0.57 1.35 0.03 0.001	-0.01 0.03 0.001 -0.12 -0.007
	0.33 0.11 1.14 0.21 -0.66 1.34 0.04 0.001	-0.01 0.04 -0.002 -0.16 -0.017
	0.40 0.14 1.22 0.49 -0.64 1.34 0.05 0.001 -0.002 0.05 0.001 -0.19 -0.022
	0.50 0.17 1.42 0.98 -0.50 1.35 0.06	0.00	0.03	0.09 -0.004 -0.23 -0.026
	ρ	q	ŝ	β	κ	δ	ζ	s κ	s δ	s	

0.60 0.21 1.74 1.42 -0.37 1.36 0.08 -0.001 0.09 0.14 -0.01 -0.28 -0.063 ζ R mil Z mil 0.15 0.05 1.08 0.05 -0.36 1.31 0.02 0.0024 -0.008 0.02 0.005 -0.08 -0.006 0.20 0.07 1.08 0.02 -0.42 1.30 0.02 0.0003 -0.005 0.02 -0.003 -0.10 -0.006 0.25 0.09 1.09 0.05 -0.45 1.30 0.03 0.0010 -0.008 0.02 0.002 -0.11 -0.007 0.33 0.12 1.12 0.20 -0.42 1.30 0.04 0.0007 -0.00 0.03 -0.002 -0.13 -0.014 0.40 0.14 1.20 0.47 -0.36 1.30 0.04 0.0004 0.015 0.04 -0.002 -0.14 -0.018 0.50 0.18 1.39 0.95 -0.26 1.31 0.06 -0.0003 0.060 0.08 -0.008 -0.17 -0.023 0.60 0.21 1.70 1.40 -0.20 1.33 0.07 -0.0022 0.127 0.13 -0.021 -0.20 -0.053
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