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The background of the workplan: RENATE is an alkali BES simulation tool developed at BME NTI and successfully used in the design of the COMPASS BES system and in the interpretation of TEXTOR BES measurement results.

The aim of the secondment: Aim of this secondment is to generalize the measurement geometry in RENATE to be able to handle general 3D arrangements. This will enable RENATE to simulate heating beams.
Milestones:
· 3D generalization of the magnetic geometry handling of RENATE.
· 3D generalization of the beam shape implementation of RENATE.

Report

During the visit, discussions took place with István Pusztai from Chalmers University of Technology, regarding the 3D generalization and future development of the RENATE beam emission simulation tool.
Based on discussions the following advances were made in the development of RENATE:

1. 3D generalization of the magnetic geometry handling of RENATE
Originally RENATE was a 2D BES (Beam Emission Spectroscopy) simulation tool. To generate results, it required data about the magnetic field within the poloidal plane of the simulation. However, it was unable to simulate beams that are not in a poloidal plane and have finite width, for example heating beams.
Based on discussions with István Pusztai and Gergő Pokol, this part of the simulation code was rewritten, in a way that takes advantage of the toroidal symmetry of the magnetic field.  This enhancement of the magnetic geometry handling enables RENATE to calculate the light profile along any line in a given tokamak.

2. 3D generalization of the beam shape implementation of RENATE
Before RENATE, BES simulations considered the beams to be infinitesimally small in diameter (virtual beams), neglecting the smoothing effect that comes from the finite size of the beam. The previous versions of RENATE  was an improvement as it could simulate beams with finite width by representing them with a number of virtual beams, however the allowed beam shapes and current distributions were limited. To enhance the simulation capabilities of RENATE it was decided to extend the possible beam configurations as much as possible.

For the simulation of 3D beams RENATE will continue to use virtual beams, and it will require a new input parameter the so called beamlet profile, that is usually read from a file. The beamlet profile gives the structure of the beam by providing the starting positions, currents and the tangent vectors of the virtual beams that represent the beam itself.
To give the starting position of the beamlets the following base is used 
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 are the cylindrical coordinates of the appliance.
In case of a radial shot along the axis of x, the base vectors are the following
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The beamlets’ starting position is then given in polar coordinates (Figure 1), while their tangent vectors are given in standard spherical coordinates according to f1 as axis (Figure 1).
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Figure 1: Coordinate system used in the beamlet profile

By using such beamlet profiles beams of any shape and current distribution can be modeled by RENATE, enabling the simulation of wide beams (e.g. heating beams). 

3. Further plans and discussions

During the discussion all parties agreed, that to be a universal BES simulation tool, RENATE needs a new optical module to model the effects of the observation. It has been proposed to create a new 3D camera obscura optical module to be used for not yet finalized observation configurations to aid the development of new BES diagnostic systems. For already constructed systems the transfer matrix based optical module of RENATE should be used, once it has been rewritten to support 3D simulations.
RENATE also has a module that can calculate the fluctuation response matrix for a given shot configuration. However it is yet to be adapted to the new generalized beam modeling. Based on discussions with István Pusztai the further development path of this module has also been established.

Conclusions

By generalizing its beam modeling capability, RENATE has come closer to simulate the BES diagnostics of any beam of any tokamak (e.g. heating beams of ITER or JET). Further development stages has been proposed to make the RENATE a universal BES simulation tool.
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