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ﬁ ITER relevant modelling efforts u

Numerous issues are now pertinent in the run up to ITER op-
eration. A DoE Scientific Discovery through Advanced Computing
(SciDAC) program has brought together a US-UK collaboration to
implement state-of-the-art atomic collision codes on the next genera-
tion of terascale computing facilities, to assist in answering questions
such as

e The final choice for plasma-facing materials, in particular the
possible use of

— Be, C, and W components for the first wall
o Relevance of innovations on operational regimes

© Study of ELM transient in standard ITER operation

Figure 1. Schematic of ITER

Plasma transport codes (such as SOLPS, SANCO) provide an
insight into the transport of plasma impurities, the radiated power
loss from various plasma impurity mixtures, and the behaviour of
ELM and transport barriers. These codes require good atomic data
for

o effective ionization and r rate ients to track

the fonization balance, and hence the plasma transport of im-

purity species

o emissivity coefficients to predict radiated power losses, and to

compare with spectral observations.

ﬁ Collisional-Radiative Modeling using ADAS u

A modeling suite of codes called ADAS (Atomic Data and Analysis
Structure) processes fundamental atomic data into a form useful for
such transport codes, which are then used at facilities such as JET,
ASDEX-Upgrade, DIII-D, JT-60, Tore-Supra and Alcator C-Mod.

o Solution to collisional-radiative equations to get the emitting
populations requires:
— Atomic structure for energies, radiative rate coefficients

— Collisional electron excitat ization and ik

tion rate coefficients
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Various coefficients are produced from the ADAS codes, which can
be transparently used in transport codes, namely:

o G lised collisi l-radiative
o Radiated power loss coefficients

o Photon emissivity coefficients

‘We have completed calculations for the following systems

o He, Li and Be

However, the accuracy of the coefficients which are passed to the

generate them. Thus, much work has been done on generating highly
accurate atomic data for key fusions species. These calculations are
pushing the limits of current large scale computational resources,

and are opening up new frontiers in atom
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AM Calculations: Time dependent
Semi-Classical

o Electron modeled as moving in the field of two moving Coulomb
fields

o Especially useful for charge transfer cross sections, of relevance

for fusion studies

o Applications such as p+H, p+Li, a + H, Be'"+H, p+H;
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Figure 8. State-selective charge transfer cross section of protons on ground state

Tﬁs Calculations: Time independent W.Zmnlxu

® Developed in the UK by P.G. Burke and co-workers, the method
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can be used to generate electron collisional excitation, ioniza- 2

tion and recombination cross sections. m

o All cigenvalues and eigenvectors of 50,000 x 50,000 matrices 4
o |

are required, Thousands of energies are needed to map out the
Feshbach resonances sections. This can only be achieved on

modern massively parallel computers.

R-Matrix with pseudo-states calculations are completed for ® P e 2
o He, Het, Li, Li*, Li?*
o Be, Be*, Be’*, Be* the first agreemer
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* B, BY, O, O, O, O AM Calculations: Distorted-wave and Classical
Standard R-Matrix calculations are completed for Trajectory

The distorted-wave techniques use perturbation theory

o They are accurate for radiative and auto o0 rates, and
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® There are various levels of calculation

— Intermediate coupled distorted-wave (ICDW)
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Figure 4._Electron excitation collision strengths for Be, from the recent RMPS calen-
Iations, The effects of including psendo states can be clearly seen.

AM Calculations: Time dependent
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Figure 9. The first observation of ir] as seen in 1'%

o Treats the three hody Coulomb breakup exactly

o Close coupled set of 2D lattice equations 10724

o Calculations are completed for

i
s
— H, He, He", Li, Li+, Li** 207
5
Be, Be+, Be?*, Bed* H
8
— B, C3+, Mg*, AR, Sit+ 3
B 107
3 ;
Have now started to treat K] \ * i
o four body Coulomb breakup problem
-27| \
10 \
o the three-body two Coulomb center breakup problem 0 10l 102 10 10t 10® 10®

Temperature (V)

Figure 10, Equilibrium radiated power loss from all ionization stages of tungsten

ﬁ Applications of our data u

Data we have generated is in use at various institutes

© ASDEX-Upgrade : Tungsten ionization data is to be used in
heavy species studies

o EFDA-JET : Helium excitation data we generated is in use in
He beam studies

© RFX : Krytpon ionization data we made is in use in impurity

transport studies

@ DIII-D : Lithium effective ionization and recombination data is

being used for impurity transport studies

ASDEX-Upgrade

EFDA-JET

Figure 10. Tmages of various tokamaks where our data is being used

ﬁ General science spin-offs u

The advancements made as part of the work presented here, has
also allowed progress to be made in other scientific areas, providing a
valuable benchmarking of the codes. Some of these spin-offs include

 Photoionization of atoms and molecules
© RMPS for (7, ) atoms and molecules

© TDCC for (v,2¢) on He, Be, Li*, quantum dots, Hy, (27,2¢)
on He, (v,3¢) on Li

e TDCC for e* + H, TDSC for p+H and BEC in fields, CTMC

for e + atoms in ultracold plasmas, v + atomis in high Rybberg

states

ﬁ Conclusions u

o High quality atomic data is being processed into a form useful
for plasma transport modeling, wall erosion and ELM experi-

mental studies

o Recent advances in non-perturbative methods allows high qual-
ity atomic data to be generated for electron-ion and ion-atom

collisions for low Z systems

© DW calculations provide high quality DR data for medium Z
systems, and high quality electron fonization and excitation

data for species such as tungsten
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