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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. Development for ITER compatibility is underway.
The aim of the secondment: Aim of this secondment is to review the hydrogen atomic physics data of RENATE in view of recently published results [2].
Milestones:

· Identify problematic cross sections.

· Access the OpenADAS database.

Report



1. Identify problematic cross sections
In February 2010 the RENATE simulation tool was upgraded to include a new atomic physics kernel that would allow it to simulate hydrogen beams. The cross sections for this module were taken from the IAEA ALADDIN database [1].
Recent results [2] showed that the cross sections used by the ALADDIN and ADAS databases are in fact partially incorrect. Based on [2] the proton impact ionization cross sections used in the IAEA recommended ALLADIN code [1] are based on erroneous input, which was corrected in [3]. A comparison between proton impact ionization cross sections used in different beam emission models is shown on Figure 1.
[image: image1.png]onization cross section (m2)

lonization cross section (m?)

107

107",

1071 10718

lonization cross section (m?)

1079 1070 A
1020, ! ! 1020 ! |
100 107 102 10% 100 107 102 10°
NB energy (keV/amu) NB energy (keV/amu)
n=4

—o— Janeva9 (ionization+CX)
—v— ALLADIN (Janev93)

10-18} —>— ADAS89

---- ADAS97

r —— ADAS09
10710 Y 610219110

-20 1 |
100 10 102 10%
NB energy (keV/amu)





Figure 1: Proton impact ionization cross sections for H from different beam emission models
Source: [2]
Unfortunately [3] doesn’t contain the exact fitting functions for the proton impact ionization cross section, only plots, thus the correct cross sections should be extracted from the new version of ADAS, when access to the database is gained. 


2. Access the OpenADAS database

On the first day access to the OpenADAS database was gained, however it turned out that it hadn’t been updated since the publication of [2]. Discussion took place with István Pusztai from Chalmers University of Technology and Dr. Gergő Pokol from BME NTI, and a consensus was reached, that efforts should be made to acquire the updated data from the author of [2], E. Delabie. 

So far only effective beam emission 
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and beam stopping coefficients 
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 have been acquired. These are results of previous ADAS simulations and are defined the following way:
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With these two coefficients, solving the rate equations is no longer necessary for light profile calculations, which greatly increases calculation speed. However this comes at the cost of precision.

After discussion with I. Pusztai and G. Pokol, it was decided to create a new atomic physics module for RENATE that uses the above mentioned coefficients. Because of the greatly decreased computation time and the also decreased calculation precision, this module is intended to be used for less detailed, time critical calculations. 
The implementation of the module was finished during the visit, and it is compared to the previous module on Figure 2.
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Figure 2: Normalized light profiles given by the new and the previous atomic physics module
Despite the fairly good agreement between normalized light profiles, the population of the relevant atomic state is different with a scalar factor of 0.3 (Figure 3).
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Figure 3: Ratio of the relative populations given by the new and the previous atomic physics module

Future plans
All parties agreed that the in light of [2], the cross sections used by the rate equation solver of RENATE should be updated as soon as access to the updated ADAS database is gained.

Conclusions

It has been found that the proton impact ionization cross sections of the H-module of the RENATE simulation code are incorrect. Attempts to acquire the correct datasets are still under way.

A new, greatly simplified rate equation solver was implemented RENATE, that uses correct atomic physics data. With this addition, RENATE came closer to carrying out time critical calculations. 
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