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1.Introduction.

Edge Localized Modes (ELMs) potentially represent an issue for the ITER divertor lifetime due to large transient heat and particle losses released in ELM relaxations [1]. The application of small Resonant Magnetic Perturbations (RMPs) demonstrated the possibility of total ELMs suppression or mitigation of their size [2], motivating the use of such method in ITER. The important drawback of RMPs and intrinsic error fields in general is the complex magnetic topology at the edge and formation of a 3D Scrape of Layer (SOL) leading to the splitting of the separatrix, seen in experiment as helical "lobes" near the X-point. When crossing the divertor plates they form finger-like structures ("footprints") and non-axisymmetric heat and particle fluxes observed in many RMP experiments [3]. The non-axisymmetric divertor fluxes with RMPs can represent an issue in ITER leading to local high heat fluxes ("hot spots") in the unprotected areas, additional material erosion and fatigue stress on the divertor components. In this work the characterisation of 3D plasma edge with RMPs was done using the non-linear MHD code JOREK [4,5]. In was shown in previous work [5,6] that a non-linear approach, two fluid diamagnetic effects, toroidal plasma rotation and neoclassical poloidal friction are the essential elements for the modelling of the non-linear plasma response to RMPs. In particular, the self-consistent interplay between RMP penetration, the evolution of radial electric field, the interaction with ELMs and heat and particle transport due to RMPs can be taken into account [6]. In this work firstly, the validation of RMP model implemented in JOREK was done comparing simulation results with measurements of divertor particle flux splitting during ELM suppression experiment on DIII-D. Secondly, the results of JOREK modelling of ITER divertor magnetic footprints and divertor fluxes with RMPs generated by ELM Coils are presented for standard H-mode scenario at 15MA/5.3T.

DIII-D.

In DIII-D, the FASTCAM diagnostic measures D2 molecule emission near the divertor plates. It provides high temporal and spatial resolution of strike point splitting in particle flux due to RMPs in attached conditions [3]. In spite of the usually expected screening of RMPs [5], the measured particle flux splitting on the contrary, in many cases, exceeds even vacuum modelling predictions [3,[START_REF] Orlov | th APS Division of Plasma Physics[END_REF]. Note that more splitting is observed in the particle flux than in the heat flux as shown in Fig. 1 for DIII-D pulse #166439 (Bt=-1.9T, Ip=1.52 MA) for the inner strike point at a toroidal angle ~75°. The parameters of this shot and the RMP spectrum with dominant toroidal modes n=1 and n=3 [START_REF] Orlov | th APS Division of Plasma Physics[END_REF] were used for validation of the non-linear MHD plasma response model implemented in JOREK [5]. The initial equilibrium was calculated using data from the EFIT EQDSK file for #166439 at 3300ms in an ELM suppression phase. Then, after equilibrium with flows was established in JOREK modelling (at ~0.5ms), the vacuum RMPs were progressively ( ~0.5ms) increased at the computational boundary and JOREK run was done until a full establishment of stationary RMPs after approximately ~1.5ms. The comparison of the flux perturbations in vacuum and with plasma response is shown in Fig. 2. The grid was aligned with the inner divertor shape, where FASTCAM measurements were done. The comparison of the edge magnetic topology with and without plasma response is presented in Fig. 3. Note that the stochastic layer with plasma response is narrower indicating screening of RMPs. It is clear from the comparison of the profiles of the magnetic flux perturbation harmonics (n,m) in vacuum and plasma (Fig. 4), apart from slightly amplified harmonic (n=1,m=1), that all the harmonics are strongly screened at corresponding resonant surfaces q=m/n, where their amplitudes decrease to a minimum. However due to the temperature dependent resistivity as the separatrix is approached the screening is smaller since response currents are smaller [5]. A rather good correspondence with the particle flux splitting measurements and magnetic footprints with plasma response was obtained (Fig. 56). Actual heat and particle fluxes were not estimated in the present work since divertor physics such as recycling of neutrals and radiation were not included in the model and they seem to be essential [START_REF] Orlov | th APS Division of Plasma Physics[END_REF]. The development of more sophisticated divertor physics model in JOREK is an ongoing work [START_REF] Huijsmans | this Conference[END_REF], but it is out of scope of the present paper. 3. ITER. The 3D SOL magnetic topology and divertor heat and particle fluxes were estimated for standard ITER H-mode scenario 15MA/5.3T during application of RMPs using the same non-linear model as in Sec.2. The geometry of ITER ELM Coils and relative phasing of currents were taken similar to [START_REF] Li | [END_REF]. In particular the currents in upper, middle, and low coils (nine coils the target and n is a normal to the surface vector. A sheath heat transmission factor 

Conclusions.

Inner strike point magnetic footprints splitting due to RMPs obtained in modelling using the non-linear resistive MHD code JOREK showed rather good correspondence to particle flux splitting measured by FASTCAM on DIII-D. Initial results of ITER divertor magnetic footprints and divertor fluxes with RMPs n=3, 45kAt were calculated for standard Hmode scenario 15MA/5.3T. For more quantitate estimations more divertor physics will be included in the future work.
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 12 Fig.1 Measured heat (IRTV) and particle (Fastcam) fluxes in RMP phase on inner target in DIII-D [7] Fig.2. Magnetic flux perturbation (in Tm 2 ) at toroidal angle 0° in vacuum (left) and with non-linear MHD plasma response calculated by JOREK code (right) for RMP phase of the discharge #166439. Toroidal harmonics n=1,2,3 were taken into account in modelling.

Fig. 3

 3 Fig.3 Zoom on the magnetic topology (Poincare plots from field line tracing) near X-point in DIII-D in vacuum (left)and in plasma (right).

Fig. 4

 4 Fig.4 Magnetic flux perturbation harmonics (n,m) in vacuum (dashed) and plasma(bold) for n=1(left) and n=3(right). Note RMP screening at surfaces q=m/n.
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 5 Fig.5 Modelled magnetic footprints on inner divertor in DIII-D in vacuum (left) and in plasma (right). Brighter color corresponds to the longer connections to more central regions of plasma.
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 6 Fig.6 Splitting in modelled magnetic footprints (in vacuum and in plasma) and peaks positions in measured particle flux in each row) were taken from the results of the optimisation of linear MHD plasma response [9]: 0, cos( ( ( 1)) ) / 180) up up up up j A n i         
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 7 Fig.7. Computational domain includes realistic ITER divertor and wall shapes.
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 8 Fig.8. The time evolution of plasma thermal energy and magnetic energy of n=3 mode .

Fig. 9 .

 9 Fig.9. The magnetic topology near X-point and divertor heat fluxes. Ptot=100MW.

  in modelling. Since the thermal energy is still evolving on the time scales accessible for modelling in the following we normalize the heat flux to: 100 / ( / )[ ] th heat dW dt S MW  , considering 100MW total heating power in stationary regime ( / 0) th dW dt  . Note however, that 46th EPS Conference on Plasma Physics P1.1047switching on the RMP in such a short time and the drop of plasma thermal energy could lead transiently to rather high heat fluxes in the divertor (up to ~100MW/m 2 ) , hence the timing of RMPs ramp up should be optimised, which we leave for the moment for the future work. Typical for the RMP phase, convective density transport especially near X-point is illustrated in Fig.10. The magnetic footprints, divertor heat and particle fluxes for the inner and outer divertor are presented in Fig.11-13 respectively as a function of the length along the plates and the toroidal angle. Here the upper point of the inner divertor corresponds to Ldiv=0. The heat and particle flux profiles at toroidal angle 180° are presented at Fig.14-15. Note that similar to DIII-D observations the splitting of the strike points is more pronounced on the particle flux.
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 10 Fig.10.Density convection and heat flux in ITER divertor with RMPs n=3,45kAt.
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 11 Fig.11. Magnetic footprints in ITER inner and outer divertors with RMPs n=3,45kAt.
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 12 Fig.12. Heat flux in ITER inner and outer divertor with RMPs n=3,45kAt. Ptot=100MW.
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 13 Fig.13. Particle flux in inner and outer divertor with RMPs n=3,45kAt in ITER.
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 14 Fig.14.Heat flux in inner/ outer divertors at 180° with RMPs n=3,45kAt. Ptot=100MW.

Fig. 15 .

 15 Fig.15. Particle flux in inner/ outer divertors at 180° with RMPs n=3,45kAt in ITER.
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