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A number of geophysical arguments point out the possibility that a giant impact occurring within the first 500 Myr of the martian history could be responsible for the dichotomy between the northern lowlands and the southern highlands. This giant impact may also have important consequences on the initiation or cessation of the transient martian dynamo. At the time of the impact both the impactor and Mars were differentiated. Hence, an important volume of metallic material from the impactor probably merged with the martian preimpact core. In this study, we characterize this core merging dynamics assuming that the impactor's core sank as a single diapir within the martian mantle and we obtain characteristic timescales of the merging time between the two cores as a function of the rheology and the size of the sinking diapir. For large impacts, the coalescence time should take less than 1 Myr even for a very viscous mantle and this time linearly decreases with decreasing mantle viscosity. We also measure the influence of the impact heating and of the viscous heating associated with the core merging on the martian thermal state as a function of the rheology and size of the impactor. Finally, we discuss the influence of such a giant impact on the magnetic history of Mars. We show that, assuming perfect thermal mixing between the hot merging core and the planetary core, dynamo activity might be favoured by large impacts, low mantle viscosity and a thin thermal boundary layer below the CMB. Considering that dynamo longevity depends on

Introduction

Mega impacts probably played an important role in the late history of terrestrial planetary accretion. A Mars-size impact can, for example, explain the Earth-Moon system [START_REF] Hartmann | Satellite-sized planetesimals and lunar origin[END_REF] and a large impact removing part of the silicate mantle is a hypothesis for the high iron/silicate ratio on Mercury [START_REF] Smith | Mineralogy of the Planets: a Voyage in Space and Time[END_REF][START_REF] Benz | Collisional stripping of Mercury's mantle[END_REF]. Among the hypotheses for the origin of the martian dichotomy [START_REF] Elkins-Tanton | Magma ocean fractional crystallization and cumulate overturn in terrestrial planets: Implications for Mars[END_REF][START_REF] Roberts | Degree-1 convection in the Martian mantle and the origin of the hemispheric dichotomy[END_REF], an exogenic origin by a mega impact that displaced crustal material from the northern to the southern hemisphere seems to be the most plausible candidate [START_REF] Wilhelms | The martian hemispheric dichotomy may be due to a giant impact[END_REF][START_REF] Nimmo | Implications of an impact origin for the martian hemispheric dichotomy[END_REF][START_REF] Andrews-Hanna | The Borealis basin and the origin of the martian crustal dichotomy[END_REF][START_REF] Marinova | Mega-impact formation of the Mars hemispheric dichotomy[END_REF][START_REF] Marinova | Geophysical consequences of planetary-scale impacts into a Mars-like planet[END_REF]. Models for the martian impact suggest that the impactor was 200 to 1300 km in radius and hit the planet with a speed comparable to or larger than the martian escape velocity (i.e. v imp > 5 km.s -1 ) within the first 500 Myr of Martian history [START_REF] Frey | Impact constraints on the age and origin of the lowlands of Mars[END_REF].

In addition to a history of large impacts, Earth, Mercury and Mars have, or have had, an internally generated magnetic field. Mercury and the Earth have active core dynamos, whereas Mars had only a transient internally generated magnetic field [START_REF] Acuña | Global distribution of crustal magnetization discovered by the mars global surveyor MAG/ER experiment[END_REF][START_REF] Hood | Distribution of crustal magnetic fields on Mars: Shock effects of basin-forming impacts[END_REF]Lillis et al., 2008a) that ceased by around 4.0 Ga [START_REF] Acuña | Global distribution of crustal magnetization discovered by the mars global surveyor MAG/ER experiment[END_REF][START_REF] Johnson | Evolution of the Tharsis region of Mars: insights from magnetic field observations[END_REF]Lillis et al., 2008b). The timing of the initiation of the martian dynamo is difficult to constrain and strongly depends on the differentiation processes that occurred during the first million years of the martian history [START_REF] Monteux | Why might planets and moons have early dynamos?[END_REF]. The cessation of the martian dynamo is also still currently debated. Recent models have measured the influence of large impacts on the dynamo generation process and in particular on the cessation of core convection induced by the reduction of the core-mantle boundary (CMB) heat-flux [START_REF] Roberts | Giant impacts on early Mars and the cessation of the Martian dynamo[END_REF][START_REF] Watters | Thermal perturbations caused by large impacts and consequences for mantle convection[END_REF][START_REF] Arkani-Hamed | Giant impact stratification of the Martian core[END_REF][START_REF] Roberts | Impact-induced mantle dynamics on Mars[END_REF]. impact impact and the formation of a hot molten iron layer from the impactor's core cumulating at the CMB can also favor dynamo generation [START_REF] Reese | Impact origin for the Martian crustal dichotomy: Half emptied or half filled?[END_REF].

At the time of the proposed giant impact, both Mars and the impactor were probably differentiated [START_REF] Yoshino | Core formation in planetesimals triggered by permeable flow[END_REF]. Models suggest that although some material was ejected far from Mars, the majority of the mass of the impactor's core was retained within Mars and merged with the pre-impact Martian core [START_REF] Canup | Simulations of a late lunar-forming impact[END_REF]) (Marinova does not consider the impactor's core) . The aim of this study is to characterize the dynamics of core merging as a result of a diapiric descent of molten iron [START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF] on a Mars-size planet. In addition, we investigate how the processes of impact and core merging might influence the thermal regime of Mars' core and, in turn, magnetic field generation (cf., [START_REF] Monteux | Why might planets and moons have early dynamos?[END_REF]).

2. Thermo-chemical state before the martian mega-impact

Pre-impact interior of Mars

The initial structure and thermal state of a growing planet depends particularly on the characteristics of its accretion from chondritic material [START_REF] Safronov | The heating of the Earth during its formation[END_REF][START_REF] Kaula | Thermal evolution of earth and moon growing by planetesimal impacts[END_REF][START_REF] Agee | Melting temperatures of the Allende meteorite: implications for a Hadean magma ocean[END_REF]. During accretion, heating driven by a combination of the dissipation of impact energy and the decay of short lived radionuclides such as 26 Al and/or 60 Fe [START_REF] Yoshino | Core formation in planetesimals triggered by permeable flow[END_REF][START_REF] Monteux | Thermo-mechanical adjustment after impacts during planetary growth[END_REF] increases the mean internal temperature and gives rise to a radial temperature gradient that depends on the accretion rate relative to the rate of radiative cooling to space [START_REF] Kaula | Thermal evolution of earth and moon growing by planetesimal impacts[END_REF][START_REF] Senshu | Thermal evolution of a growing Mars[END_REF]. If the growth rate is very high in comparison to surface cooling, this heating can ultimately cause partial or complete melting of the chondritic material [START_REF] Yoshino | Core formation in planetesimals triggered by permeable flow[END_REF] and lead to extensive metal/silicate separation [START_REF] Tonks | Core formation by giant impacts[END_REF][START_REF] Senshu | Thermal evolution of a growing Mars[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF].

Hf/W chronology suggests that core formation happened during the first 10-30 million years of Mars' history [START_REF] Lee | Core formation on Mars and differentiated asteroids[END_REF][START_REF] Nimmo | How rapidly did Mars accrete? Uncertainties in the Hf W timing of core formation[END_REF]. Such a rapid process involves extensive melting potentially enhanced by radiogenic heating as a result of the decay of short-lived radionuclides [START_REF] Yoshino | Core formation in planetesimals triggered by permeable flow[END_REF], impact heating [START_REF] Tonks | Core formation by giant impacts[END_REF][START_REF] Senshu | Thermal evolution of a growing Mars[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF] and gravitational energy conversion during metal/silicate separation [START_REF] Stevenson | Formation and early evolution of the Earth[END_REF][START_REF] Ricard | A multi-phase model of runaway core-mantle segregation in planetary embryos[END_REF]. Metal/silicate separation can occur via a wide range of phenomena such as percolation [START_REF] Shannon | High pressure constraints on percolative core formation[END_REF], the sedimentation of metallic rain through a magma ocean [START_REF] Rubie | Mechanisms of metal-silicate equilibration in the terrestrial magma ocean[END_REF][START_REF] Höink | Formation of compositional structures by sedimentation in vigorous convection[END_REF] or a large diapir sinking through a solid mantle after an impact [START_REF] Tonks | Core formation by giant impacts[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF]. Whatever the mechanism, Mars' internal structure characterized by a ∼ 1700 km diameter Fe-core was mostly established within ∼ 10 Myr of the planet's formation [START_REF] Yoder | Fluid Core Size of Mars from Detection of the Solar Tide[END_REF] (cf Fig. 1a).

The gravitational heat released during martian core formation was partitioned between the planet's core and mantle. The fraction of gravitational heat taken up by the metal or the silicate fraction depends strongly on the rheology of the planet and on the segregation mechanisms [START_REF] Samuel | Dynamics of core formation and equilibration by negative diapirism[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF][START_REF] Ke | Coupled core-mantle thermal evolution of early Mars[END_REF]. The combined processes leading to core formation yield a wide range of possible early thermal states. In particular, the core could initially have had a temperature close to the deep mantle temperature if thermal equilibration was efficient or it could have been hotter than the mantle if the energy of core formation was mainly retained within the iron. In the latter case, the transition between the hot core and the relatively cooler mantle would occur within a thermal boundary layer with a thickness, δ, inversely proportional to the efficiency of core cooling by convection (Fig. 1a).

Impactor interior

Assuming that both the impactor and the impacted body had chondritic compositions, their volumetric metal fractions f 0 should be close (we consider that the impactor has the same metal content as Mars and we use f 0 = 12.5% [START_REF] Stevenson | Formation and early evolution of the Earth[END_REF]). Hence, for 200-1300 km diameter impactors, an additional volume of core material with a radius between 100 km and 700 km merges with the preexisting core (Fig. 1). The interior temperature of the impactor is unconstrained. However, as the impactor is smaller in radius than Mars, it was probably cooler, on average than the martian interior.

3. Thermo-chemical state after a mega-impact

Mantle heating and melting

Although part of the kinetic energy of the impactor is dissipated as a result of the irreversible work done by shock waves to damage crustal rocks, another part of this energy is dissipated thermally within a spherical region (the isobaric core) with a volume V ic that is typically taken to be 3 times larger than the volume of the impactor (O' Keefe and Ahrens, 1977;[START_REF] Croft | A first-order estimate of shock heating and vaporization in oceanic impacts[END_REF][START_REF] Pierazzo | A Reevaluation of Impact Melt Production[END_REF]. In this region the temperature increases uniformly from T 0 to T 0 + ∆T 0 , where T 0 is the temperature of the impacted mantle before the impact and ∆T 0 is the temperature increase due to impact heating and melting. Assuming that part of this thermal energy is also consumed to melt the isobaric core and the impactor's iron core with volume V F e = f 0 V ic /3, this temperature increase is [START_REF] Monteux | Why might planets and moons have early dynamos?[END_REF]:

∆T 0 = 4/9πγρ 2 0 GR 2 -L Si ρ Si -f0 3 L F e ρ F e h m ρ Si C p,Si , (1) 
Here, G is the gravitational constant, ρ Si , L Si and C p,Si are the density, latent heat and specific heat of the silicate material, R is the radius of the impacted planet and γ is the fraction of the kinetic energy of the impactor ultimately dissipated to heat up the mantle (O' Keefe and Ahrens, 1977;[START_REF] Monteux | Thermo-mechanical adjustment after impacts during planetary growth[END_REF]. L F e and ρ F e are the density and latent heat of the impactor's core.

As f 0 is O(10 -1 ) then the contribution to ∆T 0 from the third term in Eq.1 is negligible and we can simplify Eq.1 to:

∆T 0 = 4/9πγρ 2 0 GR 2 -L Si ρ Si h m ρ Si C p,Si , (2) 
The effect of the energy lost as a result of the irreversible work done by shock waves outside the isobaric core is accounted for in the geometric parameter h m , which is the volume of rock damaged and heated inside and outside the isobaric core normalized to the volume of the isobaric core itself (see [START_REF] Monteux | Why might planets and moons have early dynamos?[END_REF] for details). From empirical fits to the fall off in pressure with distance from the edge of the isobaric core h m ≈ 2 -3 [START_REF] Senshu | Thermal evolution of a growing Mars[END_REF]. Using the set of parameters in Table 1 and making the conservative hypothesis that the martian mantle is solid before the impact (i.e. its temperature is just below the melting temperature of the mantle silicates), ∆T 0 ∼ 400 K.

Outside the isobaric core, the shock pressure and the excess temperature decrease rapidly with distance r from the isobaric core as approximately ∆T 0 (R ic /r) m [START_REF] Senshu | Thermal evolution of a growing Mars[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF]. Hence, the volume effectively heated and damaged after the impact is larger than the isobaric core (see Fig. 2). Consequently, when R imp > 500 km, impact heating occurs within the planetary core. Because the shockwave velocity is lower in liquid than in solid material, the dissipation rate and the impact heating will be weaker in the liquid core than in the surrounding silicate mantle [START_REF] Arkani-Hamed | Giant impact stratification of the Martian core[END_REF]. For simplicity, we will assume that there is no difference in impact heating between the martian core and mantle. Hence, for large impactors, our calculations overestimate the direct impact heating within the martian core.

The fate of the impactor's material

During the mega-impact, a significant fraction of the impactor's mantle is ejected far from the impact site and eventually forms a disk of debris. The rest of the impactor's mantle can eventually be incorporated into the mantle of the impacted planet. In contrast, most of the impactor's core is retained within the impacted planet [START_REF] Canup | Simulations of a late lunar-forming impact[END_REF]) (cf Fig. 1b-c), and in our models we assume that 100% of the impactor's core is retained within the martian mantle after the giant impact. Once incorporated in the impacted planet, the impactor's core can overcome shearing and thinning processes (especially if the impact is oblique)

as well as turbulent motions in a magma ocean that can break up large volumes of liquid metal into droplets [START_REF] Rubie | Mechanisms of metal-silicate equilibration in the terrestrial magma ocean[END_REF][START_REF] Deguen | Experiments on turbulent metalsilicate mixing in a magma ocean[END_REF][START_REF] Samuel | A re-evaluation of metal diapir breakup and equilibration in terrestrial magma oceans[END_REF]. However, the impactor's core may merge with the core of the impacted planet, without emulsification on a droplet lengthscale, if the impactor's core is larger than the thickness of the magma ocean and if the impact is nearly vertical [START_REF] Rubie | Mechanisms of metal-silicate equilibration in the terrestrial magma ocean[END_REF][START_REF] Reese | Impact origin for the Martian crustal dichotomy: Half emptied or half filled?[END_REF][START_REF] Dahl | Turbulent mixing of metal and silicate during planet accretion and interpretation of the Hf-W chronometer[END_REF]. As mentioned earlier, we consider the pre-impact mantle to be solid, and we also take the impact trajectory to be nearly vertical. Thus, we hypothesize that the impactor's core retains its spherical shape after the impact and that its centre is buried within the martian mantle.

Dynamic models of diapir sinking

Once buried below the surface, the dense metallic phase from the impactor's core sinks towards the centre of the impacted planet (Fig. 1). The large devia-toric stress generated by the metallic diapir can lead to a non linear rheology [START_REF] Samuel | Dynamics of core formation and equilibration by negative diapirism[END_REF], elasto-plastic deformation [START_REF] Gerya | Robust characteristics method for modelling multiphase visco-elastic thermo-mechanical problems[END_REF] or even to fracturating processes [START_REF] Davies | Ultimate strength of solids and formation of planetary cores[END_REF]. These produce dissipation in the mantle surrounding the sinking core [START_REF] Turcotte | Dissipative melting as a mechanism for core formation[END_REF][START_REF] Stevenson | Planetary magnetic fields[END_REF]. If the iron/silicate viscosity contrast is small, viscous dissipation (i.e. heating) occurs in both the silicate mantle and the sinking core. Alternatively, if the iron/silicate viscosity contrast is large, the viscous dissipation is concentrated in the silicate mantle, but heat can then diffuse into the sinking iron core [START_REF] Samuel | Dynamics of core formation and equilibration by negative diapirism[END_REF][START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF].

Physical model: Descent of a single diapir

To investigate the dynamics of the metallic diapir, we adapt the numerical finite volume model in spherical axisymmetric geometry of [START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF]. We assume that the mantle is deforming in a diffusion creep limit. The conservation of energy applied to a planet of radius R leads to

DT Dt = ∇ 2 T Ra χ + Di η η 0 ΓΩ -v r T + T 0 ∆T 0 r , (3) 
where T , t and r are dimensionless temperature, time and radius. v r is the dimensionless radial velocity. Ra χ = ∆ρ0g0R 3 κη0 is the compositional Rayleigh number and Di = αρ0g0R ρ0Cp is the dissipation number (with κ the heat diffusivity and ρ 0 C p the average specific heat of the impacted body). ∆ρ 0 is the density difference between metal and silicates. Following [START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF], we introduce the buoyancy ratio Γ = ∆ρ 0 /(ρ 0 α∆T 0 ) where ρ 0 and α are the mean density and thermal expansion of the impacted material (Tab.1). Gravity depends on radius r. Within the impacted planet mantle, we consider that gravity is constant g 0 with g 0 = 4 3 Gπρ 0 R. Within the core, gravity is a linear function of the radius and g(r) = g 0 r Rc . Ω is the dimensionless dissipation function and expresses the conversion of potential energy into heat :

Ω = 2 ε : ε. ( 4 
)
where ε is the dimensionless shear strain rate tensor. Prior to impact, we assume a homogenous temperature T 0 in the martian mantle. The viscosity is η = η 0 λ T 0 where λ 0 is the viscosity ratio (less than 1) between the hot impacted material and cold surrounding material far from the impact site, η 0 , at the start of the experiment [START_REF] Ratcliff | Transitions in thermal convection with strongly variable viscosity[END_REF][START_REF] Ziethe | Two-dimensional stokes flow around a heated cylinder: A possible application for diapirs in the mantle[END_REF].

The other dimensionless governing equations are continuity

∇ • v = 0, (5) 
and momentum conservation, assuming infinite Prandtl number

-∇P + ∇ • η η 0 ∇v + [∇v] T + T Γ -f re r = 0, (6) 
where v and P are the non-dimensional velocity and pressure and e r is the radial unit vector. The buoyancy force that drives the flow of the diapir towards the centre of the protoplanet increases with the metallic volume fraction f that varies between 1 (pure metal) and 0 (pure silicates). The metal volume fraction f is then simply advected by the flow :

Df Dt = 0. (7)

Numerical model

We implement a finite volume numerical model to solve Eq.3, Eq.5, Eq.6 and Eq.7 in axisymmetric spherical geometry. We use a stream function formulation for the equations of motion with a direct implicit inversion method [START_REF] Schubert | Mantle convection in the Earth and planets[END_REF]. Eq.3 and Eq.7 are solved by an Alternating Direction Implicit (ADI) scheme [START_REF] Peaceman | The numerical solution of parabolic and elliptic differential equations[END_REF][START_REF] Douglas | On the numerical integration of ∂ 2 u ∂x 2 + ∂ 2 u ∂y 2 = ∂u ∂t by implicit methods[END_REF]. The stream function, temperature and compositional fields are described by a second-order approximation in space. To limit numerical diffusion when solving the transport equations, especially for the compositional field, we use a Total Variation Diminishing Superbee scheme [START_REF] Roe | Characteristic-based schemes for the Euler equations[END_REF][START_REF] Laney | Computational gasdynamics[END_REF] implemented in an implicit way [START_REF] Srámek | A multiphase model of core formation[END_REF] which enables a high resolution of pure advective fields. We use at least 200 × 400 grid points. Velocity boundary conditions are free-slip at the surface and along the symmetry axis. Thermal boundary conditions are isothermal at the surface and insulating along the symmetry axis.

Analytical model of the core merging process

Buoyancy-driven interactions between two deformable viscous drops has been widely studied both experimentally and numerically [START_REF] Davis | The lubrication force between two viscous drops[END_REF][START_REF] Yiantsios | On the buoyancy-driven motion of a drop towards a rigid surface or a deformable interface[END_REF][START_REF] Manga | Buoyancy-driven interactions between two deformable viscous drops[END_REF]. Building on this body of work, we characterize the interaction between the preexisting core and the sinking diapir by monitoring the gap distance, h, between the surfaces of the impacting core and the planetary core along the axis of symmetry (Fig. 1c-d).

We compare the results from our numerical models with analytical predictions.

We consider that the initial time t 0 is the time at which the impact occurs.

During sinking, a diapir will deform the surrounding mantle material, driving a circulation with a spatial extent that depends on the diameter of the diapir and on the rheology of the mantle. When the diapir is small and far from the core-mantle boundary, the presence of the preexisting core has no effect on the diapir motion and the diapir sinks with a classical Rybczynski-Hadamard velocity V [START_REF] Hadamard | Mouvement permanent lent d'une sphère liquide et visqueuse dans un liquide visqueux[END_REF][START_REF] Rybczynski | über die fortschreitende bewegung einer flüssigen kugel in einen medium[END_REF] (Fig. 3, left)

V = - dh dt = a 0 ∆ρ 0 g 0 R 2 F e λη 0 . ( 8 
)
a 0 is a geometrical constant and λ is the viscosity ratio between the metallic phase and the mantle. Integration of Eq.8 leads to

h(t) = h 0 1 - t t s R F e h 0 ( 9 
)
where h 0 is the initial gap thickness and t s the characteristic time given by

t s = R F e V = λη 0 a 0 ∆ρ 0 g 0 R F e (10)
The Rybczynski-Hadamard velocity gives the terminal velocity of a spherical viscous drop sinking through an infinite viscous fluid. Hence it differs from the Stokes velocity which is the terminal velocity of a solid sphere sinking through an infinite viscous fluid. In our models, the mechanical boundary conditions are applied at a finite distance: the planetary surface and the core-mantle boundary, CMB. Thus, the Rybczynski-Hadamard velocity is only an approximation [START_REF] Honda | Numerical simulation of Earth's core formation[END_REF][START_REF] Samuel | Dynamics of core formation and equilibration by negative diapirism[END_REF] and we consider in our models that the time during which this regime occurs is negligible.

When the viscosity of the preexisting planetary core is comparable to or less than that of the mantle, then the planetary core offers little resistance to the radial flow generated by the sinking core. Hence, the CMB acts as a mobile interface. When h(t) ∼ R F e and as the diapir approaches the planet's core, the merging core slows down and the planetary core starts to deform while the sinking diapir is weakly deformed (Fig. 3, middle). As the distance between the diapir and the CMB decreases, the normal stress difference becomes more localized [START_REF] Lee | The motion of a sphere in the presence of a deformable interface : Ii. a numerical study of the translation of a sphere normal to an interface[END_REF]. When the diapir is at a distance h(t) << R F e a late lubrication regime is established in the thin gap between the two cores (Fig. 3, right).

The dynamics of interaction between two drops merging in a fluid with different viscosity is governed by the viscosity ratio between the two drops and the surrounding material and can be treated in two regimes: a short-time regime (referred here as "early times") (Fig. 3, middle) during which the preexisting core deforms to accommodate the merging between the two cores and a lubrication long-time regime (referred here as "late times") (Fig. 3, right) during which the narrowing of the gap between the two cores tends to slow down the rate of fluid drainage within the gap. These two regimes are separated in time by a characteristic coalescence time t c .

At "early times" (where h ≥ R F e and t < t c ) (Fig. 3, middle), the flow circulation induced by the sinking diapir and the deformation of the preexisting core tends to facilitate the drainage of silicate fluid from the region between the merging cores. According to Yiantsios and [START_REF] Yiantsios | On the buoyancy-driven motion of a drop towards a rigid surface or a deformable interface[END_REF] the flow speed is given by

V = - dh dt = a 1 ∆ρ 0 g 0 R 3/2 F e h 1/2 λη 0 (11)
where a 1 is a geometrical constant that we determine from our numerical models.

Integration of Eq.11 leads to

h(t) = h 0 1 - t t c 2 ( 12 
)
and

t c = 2h 1/2 0 λη 0 a 1 ∆ρ 0 g 0 R 3/2 F e (13)
At "late times" (where h < R F e and t > t c ) (see Fig. 3, right), the rate at which the gap thins out as a function of time depends whether the CMB act as a rigid boundary or a mobile interface. According to [START_REF] Jones | The film drainage problem in droplet coalescence[END_REF] and [START_REF] Yiantsios | On the buoyancy-driven motion of a drop towards a rigid surface or a deformable interface[END_REF], for two free boundaries the gap thickness should scale with:

h(t) = a 2 t -1/3 (14)
where a 2 is a relative deformation scale (a 2 ∝ BoR F e /h 0 ) that can be determined from our numerical models and Bo = ∆ρ 0 g 0 R 2 F e /σ is the Bond number which is the dimensionless ratio of the buoyancy forces to the surface tension σ (Yiantsios and [START_REF] Yiantsios | On the buoyancy-driven motion of a drop towards a rigid surface or a deformable interface[END_REF]. In our models, Bo is theoretically infinite since surface tension forces are neglected but has a numerical finite value that can be determined fitting our numerical results with theoretical predictions from Eq.14. To simplify our study, we fixed the initial gap thickness h 0 (i.e. the depth at which the impactor's core is buried after impact) to a value that does not vary with R imp . We choose h 0 = 580 km so that the impactor's core is initially always within the isobaric core for the whole range of impactor radii studied here. The four rows correspond to real time snapshots at 0, 0.88, 2.2, 82.4 Myr respectively. As illustrated in Figure 4, the core from the impactor rapidly sinks toward the pre-existing core. During the sinking, heating occurs at the interface between the diapir and the surrounding mantle (second line, left).

Simultaneously, deformation of the pre-existing core accommodates the merging (second line, right). At the end of the chemical merging, the impactor's core is significantly hotter than it was initially (third line). If the end of the merging occurs rapidly (within 6 Myrs), the thermal readjustement needs a longer time and the extra-heat from impact and viscous dissipation is then removed by a large thermal plume that starts later from the CMB (fourth line).

We monitored the gap thickness h between the front of the merging core and the CMB as a function of time for different sizes of impact R imp (equivalent to different sizes of merging core, R F e , with R F e = R imp /2). We used R imp ranging from 200 to 800 km. Fig. 5 illustrates the temporal evolution of the gap thickness (black solid line) for the case illustrated in Fig. 4 (R imp = 600 km, R F e = 300 km, η 0 = 10 22 Pa.s and h 0 = 580 km). We compare the analytical models and the numerical models for both the short early time regime (red dashed line, Eq.12) and the long late time regime (green dashed line Eq.14).

From our numerical results, we obtain the characteristic coalescence times t c and the numerical value for a 2 for the range of R imp used in this study.

As predicted from Eq.13, our numerical values for t c decrease in proportion to

R -3/2 F e
(red circles, Fig. 6). We fit the numerical t c values with the analytical prediction (black dashed line, Fig. 6) from Eq.13 and obtained a 1 = 1/9. 4.4.3. Influence of the temperature-dependance of the mantle viscosity on the core merging timescale

The viscosity contrast between the sinking diapir and its environment is a key parameter in understanding the core merging dynamics. As the impactor's core is sinking, shear heating occurs at the interface of the diapir [START_REF] Samuel | Heat partitioning in terrestrial planets during core formation by negative diapirism[END_REF] and both the temperature of the diapir and the surrounding mantle increase. Depending on the rheological contrast between the metallic diapir and the mantle, the mean temperature increase within the sinking diapir can reach ≈ 2∆T 0 [START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF]. This thermal modification can influence the sinking dynamics especially if the rheology is temperature dependant. Moreover, as illustrated in Fig. 3, viscous dissipation may also occur in the planetary core as a result of the shear flow produced at the CMB during the late stages of core merging especially in the non realistic case where the planetary core and its mantle have the same viscosity (i.e., the core viscosity is way too large compared to the real problem). However, this heating process is negligible compared to the temperature increase induced by the merging of a hot diapir in the preexisting core.

We introduced a temperature-dependent viscosity in our core-merging models. We chose the same initial thermal state as previously used with a core hotter than the surrounding mantle (T core > T 0 ). As the temperature of the impacted mantle and of the impactor's core are initially equal, the impactor's core initially starts to sink in a medium with an homogenous temperature. Hence, our results illustrate the effect of viscous heating of the surrounding material on the diapir dynamics. In our models, the viscosity varies with η = η 0 λ T 0 (with T the normalized temperature), hence the viscosity within the impacted mantle will be ≈ η 0 λ 0 while the mean viscosity of the metallic diapir at the end of the sinking will be ≈ η 0 λ 2 0 (since its temperature increases by ∼ 2∆T 0 ). Consequently, a decrease of λ 0 by one order in magnitude in our models should decrease the viscosity contrast between the diapir and the surrounding material and the sinking time by one order of magnitude. However, the viscosity contrast between the diapir and the cold mantle far from the impact site will reach approximately two orders of magnitude.

To measure the effect of the rheology on the coalescence time, we plot h(t)

in Figure 7 for four different viscosity parameters: (η 0 = 10 22 Pa.s, λ 0 = 1),

(η 0 = 10 20 Pa.s, λ 0 = 1), (η 0 = 10 22 Pa.s, λ 0 = 0.1) and (η 0 = 10 22 Pa.s, λ 0 = 0.01) with R F e = 300 km (R imp = 600 km) and h 0 = 580 km (see Figure 7). When the viscosity is homogenous, the preexisting core has an influence on the core merging dynamics and Eq.12 is valid. However, where viscous dissipation heats the sinking diapir and softens the surrounding mantle, core merging is faster and the sinking dynamics is close to a classic Stokes regime with a terminal Rybczynski-Hadamard velocity in agreement with Eq.9. We fit uniform viscosity evolutions for h(t) with Eq.12 and temperature dependent evolutions for h(t) with Eq.9 and obtain the characteristic sinking times listed in Tab.2.

For a uniform viscosity, the decrease of η 0 from 10 22 to 10 20 Pa.s reduces the characteristic sinking time from 1.56 Myr to 15.6 kyr. For a temperature dependant viscosity, the characteristic sinking time decreases as λ decreases. As predicted from Eq.10 and Eq.13, the relation between the characteristic sinking time and the rheology contrast is almost linear (Table 1).

Effect on the preexisting dynamo

We now discuss the consequences of a giant-impact and the subsequent core merging process on the martian dynamo generation. We first list the conditions required for dynamo generation and then measure the influence of the core merging on the efficiency of core cooling for different structures of the thermal boundary layer within the planetary core before the impact.

Conditions required for dynamo generation

As discussed in [START_REF] Monteux | Why might planets and moons have early dynamos?[END_REF], three conditions are required to generate a dynamo on a growing planet:

1. The mean heat flux q CM B out of the core must exceed the adiabatic value q A such that convection can occur [START_REF] Stevenson | Magnetism and thermal evolution of the terrestrial planets[END_REF]. This condition is

q CM B > q A = k F e α F e g c T c C p,F e (15) 
where k F e , α F e , T c and C p,F e are respectively the thermal conductivity, the thermal expansion, the temperature and the heat capacity of the metallic phase and g c is the gravity at the surface of the protocore. The largest uncertainties in the calculation of q A concern T c and k F e . Assuming reasonable values, convection in the martian core should start once [START_REF] Nimmo | Influence of early plate tectonics on the thermal evolution and magnetic field of Mars[END_REF] (see Tab.1 for values).

q CM B > q A = 5 -19 mW.m -2 (Nimmo
2. The ratio of the rate at which gravitational potential energy is released by convection to the rate of ohmic dissipation, Φ, must exceed a critical value [START_REF] Buffett | Estimates of heat flow in the deep mantle based on the power requirements for the geodynamo[END_REF]:

4πR 2 c q CM B Φ > 1 T . ( 16 
)
Here, T is the Carnot-style efficiency for thermal convection. Here, we do not consider the effect of chemical convection or the presence of an inner core. Assuming that the characteristic length scale of the flow leading to magnetic field generation is the radius of the protocore, Φ can be approximated as [START_REF] Buffett | Estimates of heat flow in the deep mantle based on the power requirements for the geodynamo[END_REF]:

Φ = νB 2 µ 4 3 πR c , ( 17 
)
where B is the average strength of the magnetic field within the core, ν is the magnetic diffusivity and µ is the magnetic permeability (see Tab.1 for values). In the absence of constraints on B for early planets, we assume a current Earth-like value of 2.5 mT [START_REF] Kuang | An Earth-like numerical dynamo model[END_REF] that is independent of the protocore size or the planetary radius. The efficiency of thermal convection is given by [START_REF] Buffett | Estimates of heat flow in the deep mantle based on the power requirements for the geodynamo[END_REF])

T = 0.8π 3 α F e Gρ F e R 2 c C p,F e (1 - q A q CM B ), (18) 
with ρ F e the density of the metallic phase and G the gravitational constant.

Hence Eq.16, Eq.17 and Eq.18 lead to:

q CM B -q A > νB 2 C p,F e 0.8πGµα F e ρ F e R 3 c ≈ 8. × 10 -2 mW.m -2 (19)
3. The structure of the convective motions carrying magnetic field lines must be sufficiently complicated to favor self-sustaining dynamo action. A measure of this complexity is that the magnetic Reynolds number [START_REF] Christensen | Scaling properties of convectiondriven dynamos in rotating spherical shells and application to planetary magnetic fields[END_REF])

Re m = U L ν > Re crit m = O(10 -10 2 ) (20)
Here, L and U are the characteristic length and velocity scales for the flow within the protocore and ν is the magnetic diffusivity of the metal phase. Whereas the natural length scale in the problem is the depth of the convecting iron layer, the choice of an appropriate velocity scale depends on the leading order force balance [START_REF] Christensen | Dynamo Scaling Laws and Applications to the Planets[END_REF]. As the rotation rate of growing planets is potentially time-dependent and poorly constrained a convenient and reasonable choice is based on a balance between inertial and buoyancy forces and is [START_REF] Stevenson | Planetary magnetic fields[END_REF]:

U ∼ (q CM B -q A )α F e g c R F e ρ F e C p,F e 1/3 , (21) 
Taking L = R c and Re crit m = 10 2 , the combination of Eq.20 and Eq.21 leads to the condition

q CM B -q A > ρ F e C p,F e α F e g c R c Re crit m ν R c 3 ≈ 10 -4 mW.m -2 (22)
Among the three criteria above, the first is typically considered a necessary condition for a thermally-driven dynamo (Subadiabatic dynamos are possible if e.g., compositional gradients also drive convection.). However it is not a sufficient condition for dynamo action, as indicated by the other two conditions.

To get the two last conditions, the heat flux q CM B at the CMB has to be larger than the adiabatic heat flux q A but the difference required is small (between 8. × 10 -2 and 10 -4 mW.m -2 ). Hence we will consider from now that any heat flux larger than q A can potentially lead to a dynamo generation [START_REF] Nimmo | Influence of early plate tectonics on the thermal evolution and magnetic field of Mars[END_REF][START_REF] Williams | Thermal evolution of the Martian core: Implications for an early dynamo[END_REF].

5.2. Structure of the thermal boundary layer within the core before the impact

To understand the thermal influence of the merging process on the thermallydriven dynamo action, we need to have an idea of the structure of the thermal boundary layer on the core side of the core-mantle boundary prior to impact, which depends on the previous accretion and core formation histories [START_REF] Monteux | A model of metal-silicate separation on growing planets[END_REF][START_REF] Samuel | Heat partitioning in terrestrial planets during core formation by negative diapirism[END_REF]. Two end-member models for the initial interior thermal state of Mars are the isothermal case with the core and the mantle having the same temperature, and a situation where the core is much hotter than the mantle.

In the case of a pre-impact core hotter than the mantle, the thickness δ of the TBL is governed by the mode of heat loss to the mantle. Whereas strong cooling to the mantle leads to thin thermal boundary layers and vigorous convection, weak cooling leads to relatively more sluggish flow or no convection at all. To simplify this problem we consider three pre-impact core thermal states:

an isothermal core and mantle, and two models where the core is hotter than the mantle with δ = 0.1R F e (strong core cooling) and δ = 0.4R F e (weak core cooling). In the last two models the temperature decreases linearly in the thermal boundary layer from the planetary core where we impose T = T core to the CMB where T = T 0 .

5.3. Evolution of the CMB heat flow after impact: Numerical results.

Following a mega-impact extensive mantle heating causes the average core heat flow to decline or reverse direction. This phenomenon has been inferred

to explain the cessation of the martian dynamo [START_REF] Roberts | Giant impacts on early Mars and the cessation of the Martian dynamo[END_REF][START_REF] Watters | Thermal perturbations caused by large impacts and consequences for mantle convection[END_REF]. For large impactors, the resulting core heating can lead to stratification within the core and subsequent dynamo cessation (Arkani-Hamed and Olson, 2010). However lower mantle heating from the impact can drive and focus the formation of mantle plumes, which in turn increases core heat loss and can enhance the strength and longevity of a dynamo [START_REF] Reese | Impact origin for the Martian crustal dichotomy: Half emptied or half filled?[END_REF].

Depending on the pre-impact core formation and accretionary heating histories, as well as the energetics of post-impact sinking discussed in section 3, a wide range of early martian thermal states are plausible. We monitor q CM B for different size of impactors (i.e. merging core radii), viscosity contrasts and efficiencies of core cooling (i.e. thermal boundary layer thickness). Assuming perfect thermal mixing of the pre-and post-impact cores, Fig. 8 shows that core merging leads to a significant increase in the mean heat flux q CM B . Our results

show that a heat flux sufficiently large to drive a dynamo is favored for large impacts, low viscosities and for strongly-cooled pre-impact cores. In addition, dynamo longevity is enhanced for low core viscosities.

Consequences for the dynamo generation

Among the recent models that correlate giant-impact and martian dynamo activity [START_REF] Roberts | Giant impacts on early Mars and the cessation of the Martian dynamo[END_REF][START_REF] Watters | Thermal perturbations caused by large impacts and consequences for mantle convection[END_REF][START_REF] Arkani-Hamed | Giant impact stratification of the Martian core[END_REF][START_REF] Reese | Impact origin for the Martian crustal dichotomy: Half emptied or half filled?[END_REF], only the last one considers the thermal consequences of the core merging and assumes the formation of a hot layer at the CMB.

However, none of these models consider the viscous dissipation during the core merging and the subsequent thermal perturbation at the CMB. Even if our model does consider this effect, the results from the previous section have to be considered carefully. The dynamo generation process is not a straightforward consequence of the core merging process and some assumptions on the thermal mixing within the martian core are needed to correlate core merging and dy-namo histories. Indeed, if thermal mixing is not perfect and the merging core forms a hot layer at the CMB this thermal stratification may kill a thermally driven dynamo [START_REF] Arkani-Hamed | Giant impact stratification of the Martian core[END_REF]. The heat flux at the CMB might be greater than the critical value for a dynamo but the heat flux into the core might be large enough to make it go subadiabatic. However, if the hot layer mixes efficiently (Fig. 1f), our results may give a picture of the dynamo generation after a giant impact.

Assuming perfect thermal mixing, our results show that dynamo initiation might be favoured by large impacts, low viscosity of the preexisting core and strong core cooling (i.e. thin thermal boundary layer). Assuming that dynamo longevity depends on how long it takes to remove the added thermal anomaly, post-impact dynamo can last several hundred Myrs. Whether or not the new core material will mix as it spreads is not certain. The answer depends on the density contrast between the merging core and the preexisting core and in particular how hot is the merging core. The mixing also depends on the strength of the preexisting core convection. Whether ambient convective motions plus the shear related to the spread of the hot current cause mixing has to be calculated and depends on the balance between driving inertia and stabilizing buoyancy forces.

In our models, the mean heat flux q CM B is overestimated because all the hot merging material stays at the CMB. However, we treat the core and mantle as having the same viscosity so the spreading of the new core material is in the wrong dynamical limit. Considering the effect of core merging on the core dynamics in a more realistic way (i.e. with finite Reynolds number) is currently beyond the scope of this paper and will be developed in a separated study in which our results will constrain the initial thermal conditions within the core.

Mixing will be enhanced at very high Reynolds number, depending on the density difference between the intruded and pre-exisiting cores (see e.g. [START_REF] Linden | The flow of a stratified fluid in a rotating annulus[END_REF][START_REF] Linden | Mixing in stratified fluids[END_REF]).

On the other hand, our results are also quite conservative since we assume that the giant impact occurs with the martian escape velocity. When the two planetary embryos have collided near the end of accretion, the impact velocity was probably higher than that of the planetesimals during the accretion period.

Considering larger impact velocities can severely increase the post-impact temperature in the mantle and in the merging core before the sinking from Eq.1 and Eq.2. Hence, we give only a lower bond of the temperature increase in the core after the diapir merging.

Conclusions

Giant impacts may have played an important role in the thermal and magnetic evolutions of terrestrial planets. The giant impact forming the martian dichotomy could have supplied a significant volume of iron that has merged with the preexisting core. The size of the impact and the rheology strongly influenced the dynamics of core merging which probably occurred in less than a million years. During the sinking, the mantle and the merging core have overcome viscous heating which have modified the thermal state at the core mantle boundary. Hence, depending on the mixing efficiency in the core, the heat supply might have enhanced a dynamo activity.

Our models better constrain the dynamics of the sinking of a large metallic diapir within a silicate mantle and especially the influence of the deformation of the preexisting core on the merging process. We obtain characteristic timescales of the coalescence time between the two cores as a function of the viscosity of the mantle and the size of the sinking diapir. Our results are in agreement with theoretical and experimental models of buoyancy-driven motions sinking toward a deformable surface. We also show that the thermal consequences of the merging process can influence the generation of a martian dynamo. Assuming perfect thermal mixing, the dynamo generation might be favoured by large impacts, low viscosity of the preexisting core and strong preexisting core cooling. This dynamo can eventually last several hundred million years depending on the mixing process within the core. Our results also illustrate the importance of better constraining the thermal states of the cores, the size of the biggest diapir that can remain consistent after a giant impact and the depth at which the impactor's core is buried before experiencing viscous deformation and core merging process.

The heating induced by the impact within the mantle and the viscous dissipation during diapir sinking have enhanced a thermal anomaly within the martian mantle and, hence, a dichotomy of the core cooling. Indeed, the core heat flux at the CMB below the impact site was probably different than the heat flux at the opposite side of the core. This mantle heterogeneity might affect the dynamo and the paleomagnetic field recorded at the surface [START_REF] Stanley | Mars' Paleomagnetic Field as the Result of a Single-Hemisphere Dynamo[END_REF]. Moreover, recent results show that the efficiency of a mantle heterogeneity centred at the geographical pole in producing a south-north dichotomy is much higher than that of an heterogeneity centred at the equator in producing an east-west dichotomy [START_REF] Amit | The influence of degree-1 mantle heterogeneity on the past dynamo of Mars[END_REF]. Hence, our models may have interesting implications in the understanding of the structure of the past martian dynamo. During the sinking, potential energy is converted as heat in the mantle via viscous dissipation. Two sinking regimes occur (c and e) depending on the distance h between the impactor and the martian core (see section 4). Finally the intruded metallic material merges with the preexisting core, spreads at its top (e) and eventually mixes with it later (f) (which we don't model here). The hatched volumes represent the metallic material from the core and the impactor. Figure 5: Evolution of the gap thickness between the merging core and the CMB with R imp = 600 km (i.e. R F e = 300 km). Theoretical evolutions for early times from Eq.12 and late times from Eq.14 are shown with red and green dashed lines respectively. From this model, we obtain a coalescence time, tc = 1.55, Myr and a 2 ∼ Bo = 1.3 × 10 9 . The two horizontal black dashed lines represent the theoretical dynamo criterion for q CM B (q CM B > q A = 5 -19 mW.m -2 ). In the top-left panel, pre-impact temperature is assumed to be constant (T = T 0 ). In the bottom panels, the core is initially hotter than the mantle T = Tcore > T 0 . In the bottom left panel the CMB thermal boundary layer thickness δ = 0.4R F e and in the bottom right panel δ = 0.1R F e . Red, blue and green solid lines represent the evolution with (R imp = 500 km, η 0 = 10 22 Pa.s.), (R imp = 800 km, η 0 = 10 22 Pa.s.), and (R imp = 800 km, η 0 = 10 20 Pa.s.) respectively. The black dotted line represent q CM B without any impact.

  Figure 4 represents the thermal and chemical evolution after a 600 km impact (i.e. R F e = 300 km) on a differentiated Mars with homogeneous viscosity (η 0 = 10 22 Pa.s). To simplify our study, we fixed the initial gap thickness h 0

  Figure1: Schematic representation of the thermo-chemical evolution following a mega-impact on a Mars-size body. After the impact (a) and the subsequent shockwave propagation (b), a large thermal anomaly remains and the impactor's core is buried within the martian mantle (c). Then, this dense metallic material rapidly sinks towards the pre-impact martian core. During the sinking, potential energy is converted as heat in the mantle via viscous dissipation. Two sinking regimes occur (c and e) depending on the distance h between the impactor and the martian core (see section 4). Finally the intruded metallic material merges with the preexisting core, spreads at its top (e) and eventually mixes with it later (f) (which we don't model here). The hatched volumes represent the metallic material from the core and the impactor.

Figure 2 :

 2 Figure 2: Sketch to show repartitioning of the post impact heating in the martian mantle. The solid black line represents the planetary surface. Melting is restricted to the material limited by the dashed line. The impactor's core is represented hatched lines.

Figure 3 :

 3 Figure3: Dynamics of core merging for the three regimes described in section 4.3 and computed for R F e = 300 km sinking in an isoviscous differentiated Mars size planet (silicate material is represent in green and metallic material is represented in red). Solid black lines illustrate the streamlines resulting from the diapir sinking. In the left figure, where we do not consider the presence of a planetary core, the viscous stress scales with 1/R F e . In the middle figure, interaction with the core start to matter and the viscous stress scales with 1/h 0 . In the right figure where h < R F e , interactions between the diapir and the merging core increase and the lubrication force scales with 1/h.

Figure 4 :

 4 Figure 4: Non-dimensional temperature (left) and composition (right) at times t = 0 (a), t = 0.6 Myr (b), t = 6 Myr (c) and t = 38.8 Myr (d) (computed for a uniform viscosity with R = 3400 km, R imp = 600 km and 300 × 600 grid points).As the diapir sinks, its velocity decreases because of the increasing influence of the pre-existing core on the dynamics (see section 4.3 for details). After the merging (c), the hot metallic fraction from the impactor spreads at the top of the martian core (d).

Figure 6 :Figure 7 :

 67 Figure 6: Characteristic coalescence time, tc, as a function of the impactor core radius R F e . Results from numerical experiments (with uniform viscosity η 0 = 10 22 Pa.s and h 0 = 580 km) are represented with red circles. Theoretical fit from Eq.13 is shown with the black dashed line (a 1 = 1/9)

Figure 8 :

 8 Figure8: Time evolution of the mean CMB heat flux as a function of the rheology and impactor size. In the three panels different initial thermal states before impact are considered. The two horizontal black dashed lines represent the theoretical dynamo criterion for q CM B (q CM B > q A = 5 -19 mW.m -2 ). In the top-left panel, pre-impact temperature is assumed to be constant (T = T 0 ). In the bottom panels, the core is initially hotter than the mantle T = Tcore > T 0 . In the bottom left panel the CMB thermal boundary layer thickness δ = 0.4R F e and in the bottom right panel δ = 0.1R F e . Red, blue and green solid lines represent the evolution with (R imp = 500 km, η 0 = 10 22 Pa.s.), (R imp = 800 km, η 0 = 10 22 Pa.s.), and (R imp = 800 km, η 0 = 10 20 Pa.s.) respectively. The black dotted line represent q CM B without any impact.

  

  

  

Table 1 :

 1 Typical parameter values for numerical models

	Mars radius	R	3400 km
	Mars core radius	R c	1700 km
	Impactor radius	R imp	200 -800 km
	Impactor core radius	R F e	100 -400 km
	Density difference	∆ρ 0	4500 kg m -3
	Average density	ρ 0	4060 kg m -3
	Iron density	ρ F e	8000 kg m -3
	Silicate density	ρ Si	3500 kg m -3
	Mean thermal expansion	α	4.5 × 10 -5 K -1
	Iron thermal expansion	α F e	1.5 × 10 -5 K -1
	Silicate thermal expansion	α Si	5 × 10 -5 K -1
	Iron heat capacity	C p,F e	800 J K -1 kg -1
	Silicate heat capacity	C p,Si	1000 J K -1 kg -1
	Iron latent heat	L F e	2.7 × 10 5 J kg -1
	Silicates latent heat	L Si	4 × 10 5 J kg -1
	Pre-impact mantle temperature	T 0	1600 K
	Heat diffusivity	χ	10 -6 m 2 s -1
	Thermal conductivity	k	4 W m -1 K -1
	Metal content	f 0	12.5%
	Reference viscosity	η 0	10 20 -10 22 Pa s
	Impact energy conversion		
	coefficient	γ	0.3
	Volume effectively heated		
	by impact	h(m)	2.7
	Gravitational constant	G	6.67 × 10 -11 m 3 kg -1 s -2
	Average magnetic field strength	B	2.5 mT
	Magnetic diffusivity	ν	2 m 2 s -1
	Magnetic permeability	µ	4π × 10 -7 H m -1

Table 2 :

 2 Sinking time values obtained fitting numerical experiments with theoretical predictions ( Eq.9 and Eq.12) for different values of
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