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Abstract: The report reviews the supplementary dissemination work package, WP29, task comple-
tion for project months 49-57. It spans the ADAS-EU Workshop and Advanced Training Courses
(WATC) specified in Annex I: amendment 2 of the ADAS-EU: Adas for fusion in Europe agree-
ment. The WATC presentations were designed to guide participants over the full range of ADAS
capabilities and up to the leading edge of the physics themes of the ADAS-EU Project.
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Chapter 1

ADAS-EU WATC overview

The extended dissemination programme authorised under the ADAS-EU Amendment 2 envisaged up to eight visits
to fusion laboratories - four in Europe and four outwith Europe. Each was intended to be of approximately three
days duration and follow a similar format. The first day should be devoted to presentation by researchers at the
visited laboratory and interested parties in the country visited at the discretion of the local organisers. The second
and third days would be devoted to an intensive detailed description of the ADAS atomic physics for fusion scope
and capabilities, especially the new capabilities enabled by the ADAS-EU Support Action, incorporating up to eight
lectures and linked active demonstrations. The concluding part of the last day should be devoted to review and
discussion of opportunities and interests for future collaboration.

In practice, three visits were made outwith Europe (ASIPP China, NFRI Korea and NIFS Japan) and three within
Europe (IPP Garching Germany, ITER/CEA France and EFDA-JET/CCFE Culham UK). A visit originally scheduled
for FZ-Juelich Germany had to be cancelled by FZ-Juelich because of timing clashes with mobility travel of some
of its key staff. A possible visit to IPR India could not be scheduled in 2013. It is intended that visist to the USA
and India will take place during 2014, outwith the ADAS-EU grant period, funded by ADAS and local monies. This
will mean that nearly all the countries with ITER Domestic Agencies will have been visited - and objective aspired
to in Amendment 2. The programme content of the visits were adjusted to suit local special interests. Thus the visits
to China, Korea and Japan followed most closely the original programme designs, while the visits to Germany and
France, where there was more familarity with ADAS-EU and ADAS, varied more strongly from the pattern. The final
visit to the UK was the summative meeting and most complete with special presentations from EU Commission ,
EFDA-JET and CCFE Culham senior staff and a special final planning session. The latter meeting also included some
specialists from European Universities who had contributed to ADAS-EU sub-contracts.

1.1 The visits

1.1.1 ASIPP, Hefei, Anhui Province, China: 29 - 31 May 2013

The first ADAS-EU visit took place at the Chinese Academy of Sciences Institute for Plasma Physics, Hefei, China -
the site of the EAST tokamak. The WATC meeting took place over two and a half days 29 May - 31 May (morning).
The initial agenda and list of participants is attached as appendix A. There were 65 participants from 9 institutions.

On the first day, after introductory welcome and remarks by Professor Boanian Wan for ASIPP and Dr. Manfred
von Hellermann for the EU Commission ( a presentation for Dr. Rosa Antidormi), eight presentations were made
by representatives of participating institutions in China. The day was completed by an overview talk on ADAS and
ADAS- EU by Prof. Summers. The second day was devoted to four 45min. lectures (by Prof. Summers) and linked
45 min. demonstrations of ADAS (by Dr. O’Mullane and Dr. Giunta). Modules presented were 1, 5, 2 and a final
composite of module 8 with some of module 4. This enabled coverage of material a little more closely linked to
the spheres of activity described on the first day than that of the initial agenda. Printed copies of lectures 1 and 5



were available. On day 3, Prof. Summers firstly presented module 3 on molecules to meet a local request. This was
followed by the review of atomic studies for the conceptual design of ITER diagnostics by Dr. O’Mullane. Professor
Summers led the concluding discussions. Contributions and queries from the participants were varied, very relevant
and well reasoned. They spanned special spectral diagnostics (including series limit features of hydrogen and satellite
line features of Ar+15 /Ar+16), lithium and the LiH molecule, beam stopping and emission by multiple impurity
plasmas, utilisation of effective data in MHD and Monte Carlo codes (the dressed reaction concept was introduced by
Prof. Summers in response).
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ADAS/ADAS-EU Workshop/Training Course Agenda

Prof. Baonian

i

08:50 09:00 Welcome
Wan
09:00 09:30 Prof. Liqun Hu Introduction of ASIPP
09:30 10:00 Dr. Manfred von | General introduction on behalf of the EU
Hellermann and Euartom.
10:00 10:30 photo, coffee break
10:30 11:00 Dr. Deliang Yu Development of neutral-beam-aided
(25°+5%) (SWIPP)
diagnostics on HL-2A.
11:00 11:30 Dr. Zhifeng Introduction of the visible spectra study on
(25°+5°) | Cheng (HUST) J-TEXT.
11:30 12:00 Dr. Juan Huang | Role of ADAS in Spectroscopy diagnostics
(25°+5”) (ASIPP) and analysis on EAST.
12:00 | 13:30 lunch (2™ floor of Kexi Restauant)
13:30 14:00 Dr. Yiping Chen | Application of ADAS in the simulation of
(25°+5%) (ASIPP) edge plasma on tokamak.
14:00 14:30 Dr. Chaofeng | Simulation of divertor plasma and hydrogen
(25°+5%) Sang (DLUT) isotope retention processes.
14:30 15:00 Dr. Lu Sun Modeling and Simulation of
(25°+5%) (BUAA)
Hydrogen/Helium Behaviors in Tungsten at
Different Scales.

15:35

R AR

Pro. Rog
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@

applications of EBIT i

Miillanc)
n plasma

(30’+5’) [ Hutton (Fudan dis-entanglement and atomic data studies.
University)
15:35 16:00 Dr. Xincheng Recoil ion momentum spectroscopy for
(20'+5%) Wang (Fudan electron-molecule and electron- atom
University) collisions.
16:00 16:15 Coffee break
16:15 17:00 Prof. H.P. Overview of ADAS and ADAS-EU
Summers principal scientific themes, objectives and
relationships.
17:15 reception at ZHESHANG International Holiday Hotel
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09:00 10:30 course 1: Impurity atomic species in fusion plasma, their —[
ionisation state and radiating characteristics the ADAS
approach
10:30 11:00 coffee break
11:00 12:30 course 2: Charge exchange and beam emission spectroscopy.
Modeling emitter populations and analyzing spectra

12:30 14:00 lunch (2™ floor of Kexi Restauant)

14:00 15:30 course 3: Spectral diagnostics and methods for special
environments - the interface between fusion and astrophysics

15:30 16:00 coffee break

16:00

17:30

course 4: A survey of molecular modeling, fundamental atomic
calculations and advanced modeling in ADAS

rof. H.P
Summers

Hirday

# 60)

Collaborating, developing and knowledge

pooling in atomic physics for the ITER era,

08:45 09:30 Dr. Martin O | Atomic studies for the conceptual design of
Mullane ITER Diagnostics

09:30 11:00 Round-table discussion: Experimental spectroscopy/ analysis -

a forward look.
Individual contributions including needs from ADAS and
useful avenues for ADAS-EU input.

11:00 - 11:30 coffee break

11:30 12:30 Prof. H.P Summary for Workshop/Training course
Summers

12:30 13:40 lunch (2™ floor of Kexi Restauant)

CONTACT:

Zheshang International Holiday Hotel:

No. 65, Xuancheng Road, Hefei, Anhui Province; +8613645694957
Grand Park Hotel:
No. 258, Fan Hua Road, Hefei, Anhui Province, +8615855170891
Institute of Plasma Physics, Chinese Academy of Sciences:

No. 350 Shushanhu Rd., Hefei, Anhui,China, +8613865940928
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1.1.2 NIFS, Tajimi Japan: 18 - 22 June 2013

The second ADAS-EU visit took place at the National Institute for Fusion Science, Tajimi, Japan over four days from
18 - 22 June. The ordering of the ADAS module presentations was arranged to suit the participants and was out of
natural order. This was unavoidable but perhaps meant that some of the advanced modules were difficult for those
less experienced in atomic physics.There were seventeen participants, including the ADAS staff, in total (see section
1.1.2). The agenda is given in section 1.1.2.

The introduction and all module lectures were delivered by Prof. Summers.There were many interesting presenta-
tions. Dr. Osakabe gave an update on fast ion diagnostic studies (FIDA) using charge exchange (called FICXS at
LHD). Observation is of He emission of fast ions originally sourced from the 180 keV neutral beam, detected by
charge exchange with the 40keV beam. The measurement shows the fast ion orbit densities on flux surfaces. The fast
ion feature is detected on the blue side to avoid contamination by BES. As is well known, the structured feature is
sensitive to the CX cross-section shape and on the observational lines-of-sight. LHD can move the plasma radially.
On moving outward, confinement is affected and there are changes in MHD stability, which affect the orbital densi-
ties. Osakabe uses a full Monte Carlo simulation of the orbits to predict the signals, which then are contrasted with the
measurements. The methodology follows that of DIIID and the 2008 paper on which Allan Whiteford was a co-author.
Comparisons seem rather good. He draws attention to the importance of the beam halo as a CX source which must
be included in the models. Prof. Summers felt that there was little change in the ADAS cross-sections used for the
modelling although he was a little unclear of how much of the hydrogen CR model of the excited halo donors was in
the Monte Carlo simulations. Dr Ikeda gave an update on neutral beam attenuation measurement. This is achieved by
BES measurements at two points along the 180 keV beam line on LHD. An important feature is the contribution of
impurities to the beam stopping, which has been explored in the earlier ADAS collaborations with LHD (led again by
Allan Whiteford). New results come from the use of pellets to provide transient impurity concentration enhancements
in LHD. Results were shown of the influence of carbon stopping which seemed consistent with the carbon time de-
cay. Carbon pellets are also used with a small inclusion of tungsten powder ( a technique introduced by Goto). The
amounts used seemed a small perturbation but results and conclusions at this stage seemed unclear. ADAS universal
CX extensions to arbitrary ions, including tungsten would benefit these studies.

Prof. Murakami summarised the NIFS database activities and collections. These are very extensive, spanning many
types of process - electron collisions with molecules, heavy particle collisions and so on. NIFS also has a number of
satellite databases, usually created and maintained by a specific external person or group - differential cross-sections
(collaboration with KAERI), proton impact with H2, dissociative attachment to H2 (v, J resolved) and also bibli-
ographic contributions. Prof. Murakami also summarised some of the H2 molecular CR modelling (Sawada) and
molecular spectral emission (Hasuo & Fujii) and consequential analyses (Kubo) studies in Japan. Prof. Summers
commented on the somewhat disconnected way in which Europe ( Janev, Reiter, Fantz, Wunderlich, Guzman) and
Japan operated in this area which seemed unfortunate. Prof. Watanbe (from the National Astronomical Observa-
tories of Japan) spoke of time dependent CR models of Fe emission, contrasting Hinode/EIS measurements with
LHD/Soxmos measurements. His focus was on the iron lines of FeVII - FEXXVTI and also Hell, spanning a tempera-
ture range log Te =5.5 —; 7.5. He drew attention to the dynamic, magnetically active character of the sun and to the
ionisation state relaxation timescales in the sun (from David Brooks thesis!) - 5-6 mins in the upper chromosphere,
3-20 mins in thr transition region. His time dependent modelling was based on HULLAC data and some Chianti data.
Studies included FeXIII density diagnostics, FeXVII branching ratios and blending. The link to LHD was with the
iron transient studies from iron pellet injection. The primary thesis was the observability of ionisation stages in the
non-equilibrium plasma and transient ionisation formed in a reconnecting outflow (see Imada 2011). From an ADAS
perspective, issues raised include the variation of cross-sections between Autostructure/Rmatrix (ADAS preferred)
and the other sources, the recurring truncation problem with Chianti work, and the GCR framework for transient evo-
lution. A pathway for collaboration would be good, but would depend on the availability of time and commitment
from Dr. Giunta.

Dr. Daijit Kato provided an illuminating account of high z behaviour (Z and @Z expansions) of complex ions (es-
pecially the Ti-like 3d4 system - see Doschek and Feldman) to identify visible M1 forbidden lines. This work was
linked to measurements on the Tokyo Superbit. Dr. Kato reported observation of the W+26 M1 line at 389.37A
with a possible identification of W+29 at 389.31A on LHD. Further line identification were expected from the recent
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LHD campaign. Other interesting talks included Mr. Funaba (spectroscopy and impurity transport) which focussed
on the impurity hole phenomenon (K. Ida). His investigations of the variation of inward and outward pinch velocity
v used laser blow-off, EUV spectroscopy and the Dux version of Strahl for modelling. Mr Wang described the 2-D
spectroscopy of impurities using a scanning EUV system (vertically and horizontally, the horizontal part exploiting
the stellerator rotational transform to build the 2-d poloidal picture). Mr Wang examined a Te dependent line ratio
near the last closed flux surface (calculated using ADAS and Chianti) and compared with Thomson scattering. ADAS
values were within 10% with Chianti more discrepant. Prof. Summers commented on the truncation problem and
noted the increasing divergence of the theoretical ratios at higher Te.

Dr. Kobayashi gave a powerful and insightful talk on impurity transport modelling in the stochastic layer of MHD.
Background included the stellerator magnetic field structure, and the character of the divertor and strike zone following
from the rotational transform of the field and the peripheral field distortions. A variant of B2-Eirene, EMC2-Eirene
developed for Wendelstein X is used for LHD. The fluid part of the code (EMC?2) is complex because of the 3-d grids
required. These are handled in steps, remapping toroidally, creating a new grid periodically. A special Monte Carlo
technique is used for the fluid equations, essentially Monte Carlo sampling the coefficients of the fluid equations.
Dr. Kobayashi also discussed the various force terms in the equations - ion thermal gradient and friction, which are
dominant, and so on. LHD has carbon divertor plates and a stainless steel first wall - but with carbon deposits.
Simulations were shown and comparisons with experiment which reveal inner and outer regions with significant
mismatches. It si speculated that these indicate variation of 03¢722a5. Density modelling seems good. Predictions of
CIV emissivities, from 3-d modelling (using Chianti data) were shown at low and high density with increasing C+3
in/out concentration asymmetries and indications of carbon screening in the force balance. Dr. Kobayashi moved on
to detached plasmas -showing how an RMP field can stabilise the detached plasma - as simulated by EMC3-Eirene.
It shows a shift of peak radiation from inboard side to a new X-point. ADAS data is used. Attempts are made to
match XUV multi-chord measurements - all this applies to carbon emission. Broad agreement (relative error factor
2) is obtained, with primary radiation localised on M1/1 magnetic islands and absolute errors factor 6 (probably
due to uncertainty in sputtering sources). The pressing needs are estimations of screening efficiencies, power balance
in detached plasmas and validation of the transport model. Atomic data and molecular data are used with more
information needed for higher Z - Fe, W, Kr and Xe. This was a most interesting talk and subsequent discussion
between Prof. Summers and Dr. Kobayashi suggested considerable interested in a tighter collaboration and flow of
ADAS data into the modelling - which should be followed up.
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Appendix 2 : Agenda
ADAS/ADAS-EU Workshop and Advanced Training Course

Abstract: The ADAS-EU Euratom - Framework 7 Project of the European Community is sponsoring
eight 3-day workshop/advanced training courses at fusion laboratories in Europe and in
ITER participating countries outside Europe. The objectives are to examine atomic
physics aspects of importance for participant laboratories, to inform by means of lectures
and demonstrations about the principal advances made during the four years of ADAS-EU
support, to explore the opportunities for new collaborative work on atomic physics with
participants within the framework of the ADAS Project, cooperation with Europe and

ITER.
General Agenda
18 June 2013: Charge exchange and neutral beams
09.00 - 09.15: Welcome & introduction Prof. I. Murakami
09.15 - 10.00: Overview of ADAS and ADAS-EU Prof. H. P. Summers
Coffee break
10.30 - 11.00: Charge exchange spectroscopy at NIFS Dr. M. Osakabe
11.00 - 11.30: Neutral beam attenuation and emission Dr. K. Ikeda
on LHD
Lunch
13.30 - 14.15: Module 5 Lecture: Charge exchange and Prof. H. P. Summers
beam emission spectroscopy - modelling
emitter populations, beam stopping and
analysing spectra.
14.15 - 15.00: Module 5 Demonstration: Dr. M. O'Mullane &
Dr. A. Giunta
Coffee break
15.30 - 16.15: Module 6 Lecture: Advanced charge Prof. H. P. Summers
exchange plasma receiver and beam
donor modelling - the current state.
16.15- 17.00: Module 6 Demonstration: Dr. M. O'Mullane &

19 June 2013:

Dr. A. Giunta

Advanced thermal plasma modelling - atoms and molecules

9.00 - 9.30: Molecules in the NIFS database Prof. I. Murakami
9.30 - 10.15: Module 3 Lecture: H, molecular emission Prof. H.P. Summers
and collisional-radiative modelling.
Coffee break
10.45 - 11.30: Module 3 Demonstration: Dr. M. O'Mullane &
Dr. A. Giunta
11.30- 12.00: Discussion

Lunch

Spectral diagnostics at the fusion/astrophysics interface
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13.30 - 14.15:

14:15 - 15.00:

15.30 - 16.30:

16:30 - 17.15:

20 June 2013:

09.00 - 09.30:

09:30 - 10.00:

10:00 - 10:45

11:00 - 12:00

12:00 - 12.30:

Advanced thermal plasma modelling - atoms and molecules

14.00 - 14.30:

14.30 - 15.00:

15.30 - 16.15:

16.15 - 17.00:

17.00 - 17.30:

21 June 2013:

9.00 - 9.30:

9.30 - 10.00:

Spectral observations and analysis in
the solar atmosphere.

Module 8 Lecture: Spectral diagnostics for
special environments - the interface
between fusion and astrophysics

Coffee break

Module & Demonstration:

Discussion

Calculation of fundamental atomic data
The NIFS atomic database
Atomic physics for highly charge ions

Module 7 Lecture: calculating fundamental
atomic structure and electron impact

cross-section data - Autostructure & R-matrix

Coffee break

Module 7 Demonstration:

Discussion

Lunch

Spectroscopy of high Z elements

Collisional-radiative modelling for W ions
Coffee break

Module 2 Lecture: Complex species in

the core and edge of the fusion plasma -

the current state

Module 2 Demonstration:

Discussion

Prof. T. Watanabe

Prof. H. P. Summers

Dr. M. O'Mullane &
Dr. A. Giunta

Prof. I. Murakami

Dr. D. Kato

Prof. H. P. Summers

Dr. M. O'Mullane &
Dr. A. Giunta

Dr. C. Suzuki

Dr. A. Sasaki

Prof. H. P. Summers

Dr. M. O'Mullane &
Dr. A. Giunta

Impurity modelling and emission in the thermal plasma

Spectroscopy and impurity transport

2Dimensional spectroscopy for impurity study

Coffee break

Mr. H. Funaba

Mr. E. Wang
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10.30 - 11.00:
11.00 -11.30:
13.30 - 14.15:
14.15 - 15.00.:
15.30 - 16.00:
16.00 - 17.00:

Impurity transport modeling in stochastic
layer of LHD

CR modelling and spectra analysis

Lunch
Module 1 Lecture: Impurity atomic species in
fusion plasma, their ionisation state and
radiating characteristics
Module 1 Demonstration:

Coffee break

Diagnostic modelling for the ITER
Conceptual design phase

Concluding discussion, future research
collaboration and exchanges

Dr. M. Kobayashi

Dr. I. Murakami

Prof. H. P. Summers

Dr. M. O'Mullane &

Dr. A. Giunta

Dr. M. O'Mullane
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Participants

Appendix 1 : Meeting participant list

ADAS workshop (June. 17-21)
s . use of )
Attendee Affiliation attending day ADAS research field
Masahiro . . .
Kobayashi NIFS no Impurity 2D/3D simulation
Chihiro Suzuki NIFS 20-21 no Spectroscopy for high Z elements
Hisamichi Funaba NIFS all yes spectroscopy & impurity transport
Yukio Nakamura NIFS partly no impurity transport study
Tomoaki Nogami U. Tokyo yes visible spectroscopy
Izumi Murakami NIFS all yes CR model / spectroscopy analysis
Daiji Kato NIFS all no atomic physics / spectroscopy analysis
Shigeru Morita or NIES (probably (ves) spectroscopy (they use ADAS results for
student attend) ¥ their analysis)
H. Wang NIFS all 2D spectroscopy for impurity study
Masaki Osakabe NIES partly ves NBI (CXS) (Fast ion charge exchange
spectroscopy)
Katsunori lkeda NIES partly yes NBI Optical meas. of neutral beam atten.
in LHD
Shinji Kobayashi Kyoto U. except 20 NBI CXS
Takako Kato NIFS(retired) partly yes Helium-like Carbon studies after NBI
Tetsuya Watanabe  NAOJ only 19 no solar spectroscopy (HINODE/EIS)
Univ. Of
Hugh Summers Strathclyde
. Univ. Of
Martin O'Mulland Strathclyde
. Univ. Of
Alessandra Giunta Strathclyde
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1.1.3 KSTAR, Daejeon, South Korea: 22-15 July 2013

The third ADAS-EU visit took place at took place at KSTAR, National Institute for Fusion Science, Daejeon, Korea.
The programme commenced with a welcome by Dr. Jong-Gu Kwak, Director of the KSTAR Research Centre.

Dr. Mi Young Song presented the work of the Data Centre for Plasma Properties (DCPP). The data Centre has moved
from its location at NFRI Daejeon to a new Convergence Plasma Research Center in Gunsan City some 100 km to
the West. Under the directorship of Dr. Jung-Sik Yoon, it has some 14 staff, divided between the Data, Simulation
and Experimental groups. The Data Centre maintains good contacts with IAEA via the Data Centre Network and
on IAEA CRPs , has many connections with Japan and participates in the EuropeanVAMDC project. Dr. Song is a
regular participant in ADAS Workshops and courses.The Data Centre’s activities have become very wide including
heavy particle collisions, electron impact data reaction data with complex molecules (such as C4F8), complex chemi-
cal catabolic pathways for plasma technology and surface reactions. Measurements are made of total electron impact
cross-sections with neutrals (using an electron beam into gas cell) and of dissociation cross-sections with a two elec-
tron beam experiment. The team also carries out data assessment such as electron impact excitation cross-sections and
also of molecular reactions. Illustrations and discussions suggested a shifting periodic focus which meant that some
assessed data (such as for HeO ) seemed outdated and derivative.The simulation group have implemented a ’Global
Simulator’ code, which is test calculation system with a simplified plasma model which can include chemical data.
This model seemed more aimed at industrial processes than fusion plasmas.Later discussion with Dr. Song and Dr.
Ko suggested that utilisation of Data Centre information was low and that access to ADAS (via a single IDL license
on a DCPP workstation) was severely constraining for KSTAR. Prof. Summers felt that ADAS and the ADAS team
could help in the focus and preparation of information for KSTAR analysis. However the impression was left of large
management/administrative burdens which for the moment militates against this.

Dr. Won-Ha Ko, who leads the team exploiting charge exchange spectral emission measurements for plasma rota-
tion and ion temperature. KSTAR is using a 100keV deuterium (heating) beam for diagnostic studies. the beam is
modulated for passive emission subtraction and the 32 channel CXS system allows Smm radial spatial resolution and
10msec temporal resolution. The system for toroidal rotation is operational and a system for poloidal rotation is in
preparation. The studies were quite focussed on the link between rotation and temperature measurements and plasma
behaviour, especially L-H transition and turbulence. The extraction of toroidal rotation speed and ion temperature
from CXS signals was taken as 'read’ without comment on error or precision. This seemed somewhat over-confident
in so far as it was the sole (at present) heating beam which is used, which with chopping must give cause for concern
that the background passive plasma is changing.The CXS measurements were on carbon (n=8-7) and deuterium was
mentioned. Supplementary measurements included Ne fluctuations during ELM suppression using BES. Also CXS
inferred rotation was contrasted with X-ray line measurement form the XICS system (measuring He-like argon).
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Appendix 1 : Meeting agenda and participant list

Courses on ADAS for Fusion

Mon 22 - Wed 24 July 2013
KSTAR Conference Room, National Fusion Research Institute, Daejeon, Korea

Mon 22 July 2013 — Workshop on ADAS and atomic physics for fusion

Title: Time Presenter Affiliation

‘Welcome 0520 JG Kwak NFRI

General introduction on behalf of the EU and EURATOM 0930 M.G. O'Mullane  University of
Strathdlyde

Afomic physics research at NFRI 1k00 M.-Y. Song NFRI

Observation of pedestal rolation and temperature from CWl 10:30 W.-H. Ko NFRI

impurity in H-mode KSTAR discharge

Coffee break 11:00

Plan for the carbon density profile measurement via charge 11:20 H.H. Lee NFRI

exchange spectroscopy on KSTAR

Lunch 11:50

Development of ITER VUV spectromeler and its application o 13:20 C. Seon NFRI

impurity study in KSTAR plasmas

Impurity transport research in KSTAR based on soft X-ray 1350 S.Lee KAIST

imaging and VUV speciroscopy

Impurity transport analysis of 2012 KSTAR Ar transport 14:20  J Hong KAIST

experiment by UTC-SANCO code

Coffee break 14:50

MSE spectrum simulations 15:10 5. Lange TUfe

ADAS application for KSTAR MSE specira 1540 J Ko NFRI

Overview of ADAS and ADAS-EU principal scientific themes, 16:10 H.P. Summers University of

objectives and relationships Strathclyde

Adjoumn 16:55

(Continued to the next page)

ADAS-EUWATP - 20130722Mo
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Tue 23 July 2013 - Training courses on ADAS for fusion: Day 1

Title

Impurity atomic in fusion pl their jonization 03-00
state and radiating characteristics — the ADAS approach
Coffee Break 10:30

Complex species in the core and edge of the fusion plasma. 1050
Describing and calculafing their characteristics — the state of
the art

Lunch 12:20
Spectral diagnostics for spacial environments — the interface  13:20
between fusion and astraphysics

Coffee Break 14:50

Charge exchange and beam emission spectroscopy. 15:10

H.P. Summers M.G. O'Mullane
A Giunta

H.P. Summers M.G. O'Mullane

A Giunta

H.P. Summers M.G. O'Mullane

A Giunta

H.P. Summers M.G. O'Mullane

Modsling emitter populations and analyzing spectra A Giunts
Adjourn 16:40

‘Wed 24 July 2013 - Training courses on ADAS for fusion: Day 2

Title Time Lecturer Demonstrators
CX with medi. h CX/beam dels 0900 HP. Summers M.G. O'Mullane
and data - the state of the art A Giunta
Coffee Break 10:30

Calculating fundamental atomic structure and eleciron  10:50
impact cross-section data - Autostructure and R-Matrix

Lunch 12:20
Collaborating, developing and knowledge pooling in atomic  13:30
physics for the ITER era

Alomic studies for the conceptual design of ITER diagnostic 1345
Coffee Break 14:30
Plasma modeling and afomic physics - a forward look. 14:50
Individual contributions including needs from ADAS and

useful avenues for ADAS-EL input

Completion session 15:50
Adjourn 16:50

H.P. Summers M.G. O'Mullane

A Giunta

M.G. O'Mullane

M.G. O'Mullane

M.-Y. Song
J. Ko

H.P. Summers

ADAS-EU WATP - 20130722Mo
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Appendix 3: Email addresses of participants

Name
Dr. Won-Ha Ko

Dr. Jae-Min Kwon
Dr. Jinseok Ko

Dr. Mi-Young Song
Dr. Changrai Seon

Mr. Joohwan Hong

Dr. Woochang Lee

Mr. Guido Lange

Prof. Hugh Summers
Dr. Martin O'Mullane
Dr. Alessandra Giunta

Institution
Nat. Fusion Res. Inst.

Pohang Univ. of Sci. & Tech.

Tech. Univ. of Eindhoven

Univ. of Strathclyde

Email
whko@nfri.re.kr
jdfm@nfri.re.kr
sseyoung@nfri.re.kr
jamesjin@nfri.re.kr
jmkwon74@nfri.re.kr
jinseok@nfri.re.kr
mysong@nfri.re.kr
crseon@nfri.re.kr

leesh81@kaist.ac.kr
joohwanhong@kaist.ac.kr
ijwkim@Kkaist.ac.kr
yunseong007 @kaist.ac.kr
zmal0103@Kaist.ac.kr
lee0816@Kkaist.ac.kr

woochanglee@postech.ac.kr
a.g.g.lange@student.tue.nl
ong.henry@gmail.com
summers@phys.strath.ac.uk

Martin.OMullane@ccfe.ac.uk
alessandra.giunta@stfc.ac.uk
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1.1.4 ASDEX, IPP Garching, Germany

The fourth ADAS-EU visit took place at took place at Max-Planck-Institute for Plasma Physics, Garching, Germany.
ADAS-EU presentations followed the sequence given in the agenda, however there was extended discussion both
during the presentations, following the presentations and during coffee breaks. Some of these are highlighted in the
following paragraph.

Lower energy extension of ion/atom collision date for halo contributions and so on. Pointed out exo/endo thermicity
and threshold behaviour. Offer to follow up (Benedikt Geiger) .HeO populations in beams and as a source for fast par-
ticles. Harvey Anderson and my work for bmsii paper - draft passed over; issues of singlet and triplet systems, Stark
effect and spin system breakdown. Questions of He+ populations structure as fast /slowing down species. Atomic
data for this especially ion impact - use ion/ion collision capability of IP method - fetch out abd test from ADAS
fortran subroutine libraries. (Athina Kappatou and Dr. McDermott). Questions of variation of nitrogen state selec-
tive charge exchange - Katharina, older unattributed ADAS nitrogen data set (Lorne Horton and my interpolation).
Produced new nitrogen adfO1 from universal formulation. Erratic behaviour in some of the datasets, strange alpha
parameters, doubt of how alpaha produced - including normalisation to total, extrapolation, discard of last n in close
coupled calculations and consistency of alpha from nlast, nlast-1, nlast-2 and nlast-3. (Dr. Putterich, Dr McDermott).
Issues of 1-substate capture. Possibility of using the inverse matrix method for testing cross-sections but cast investi-
gation onto the l-parametric form. Discussion of opacity/non-Maxwellians/DEM opportunities in tokamaks. Difficult
task for spectroscopic systems (Dr. Dux, Dr. Putterich, Dr McDermott). Prof. Summers, Dr. Schweinzer and Dr
McDermott examined the issues for continuation and further validation of the supercomputer-based CCAO model by
Katharina Igenbergs. Katharina has left the field and, although a project student at TUW is working with the code, it
appears that the long-term detailed extension, validation and development is Vienna is uncertain. The primary interest
of the Vienna group is in experimental physics. Dr. Schweinzer felt that the code required more work and evaluation,
since the nitrogen and argon results were generated quite close to the end of Katharina’s thesis write-up. A useful
task, which he wished to carry, out is rerunning of his original code on the nitrogen case for some cross-checking.
Prof. Summers expressed his great interest in assuring and exploiting the code and pointed out that he had a new
PhD student (Matthew Bluteau) beginning in October 2013. Prof. Summers intention is for this student to work
in the advanced, zero-order Stark picture of beam emission and follow also the complementary advanced (heavier
species) charge exchange emission modelling. Matthew comes with strong credentials and indications of high level
computing ability. Prof. Summers speculated that, with the agreement of Dr. Schweinzer and Prof. Aumayr, he could
assign Matthew to the CCAO continuation in close collaboration with and oversight from IPP and Vienna - including
Matthew spending substantial time at IPP. Dr. Schweinzer was positive about such a step and agreed to raise the matter
with his colleagues in Vienna. Prof. Summers pointed out that Matthew would spend an initial six months or so in
Scotland at the Physics Department under the guidance of colleagues Prof. Badnell and Dr. Menchero - to bring him
up to speed in atomic physics and computational collision physics. Then Matthew would be based at the JET Facility
for the rest of his PhD, with Prof. Summers and Dr. O’Mullane. Depending on the reaction of Prof. Aumayr and the
Vienna team, Prof. Summers will prepare a plan and time-line.
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Appendix 2 : Agenda

It was agreed, in the light of the longstanding connection between IPP participants and the
ADAS/Univ. of Strathclyde/JET team, that the meeting should be quite informal with a relaxed
schedule. In place of the full overview talk presented at other locations, Professor Summers gave
a short summary of the ADAS-EU themes, special sub-contracts and the WATC presentations at
other sites in-so-far as they bore upon IPP interests. Prior to the meeting, an initial list of
expected topics for discussion was prepared included (a) Effect of W-lines on visible spectra; (b)
What CXRS data is trustworthy, why and how to produce trustworthy data; (3) New features
concerning molecules — how to proceed. In practice, discussion was largely focussed on (b),
atomic data for fast ion modelling, the complexities of helium beams and fast ion products and
added measures necessary to secure the quality of state selective charge transfer data. There was
no discussion on molecules.

Mon. 9 Sep. 2013

8.45-9.00 Brief introduction Hugh Summers
Highlights of ADAS-EU: principal theme and associated data developments; sub-contract
results.
9.15 - 10.00 Module 1 Hugh Summers
Impurity atomic species in fusion plasma, their ionisation state and radiating characteristics
10.00 - 10.45 Demonstrations Martin O'Mullane & Alessandra Giunta
BREAK
11.15-12.15 Module 2 Hugh Summers

Complex species in core and edge of the fusion plasma: Describing and calculating
their characteristics - the current state

LUNCH BREAK

13.30 - 14.15 Demonstrations Martin O'Mullane & Alessandra Giunta

13.30 - 14.15 Module 8 H.P. Summers

Spectral diagnostics for special environments — the interface between fusion and
astrophysics

14.15 - 15.00 Demonstrations Martin O'Mullane & Alessandra Giunta

DISCUSSIONS

Tue. 10 Sep. 2013

8.45-9.30 Module 5 Hugh Summers

Charge exchange and beam emission spectroscopy. Modelling emitter populations,
beam stopping and analysing spectra

9.30 - 10.15 Demonstrations Martin O'Mullane & Alessandra Giunta

BREAK

10.30-11.15 Module 6 Hugh Summers

Advanced charge exchange plasma receiver and beam donor modelling - the current
state

11.15-12.00 Demonstrations Martin O'Mullane & Alessandra Giunta

LUNCH BREAK

13.30 - 14.15 Module 7 (optional) Hugh Summers
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Calculating fundamental atomic structure and electron impact cross-section data -
Autostructure and R-matrix

14.15 - 15.00 Demonstrations Martin O'Mullane & Alessandra Giunta

rest of the day and Wednesday: DISCUSSIONS(in small working groups if desired)
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Athina Kappatou
Livia Casali

Marco Cavedon
Tomas Odstrcil
Felix Reimold
Alexander Lebschy
Markus Weiland
Gerd Meisl

Hugh Summers
Martin O'Mullane
Alessandra Giunta

FOM Rijnhuizen
IPP
IPP
IPP
IPP
IPP
IPP
IPP

ADAS
ADAS
ADAS

A.Kappatou@rijnhuizen.nl
livia.casali@ipp.mpg.de
mcavedon@ipp.mpg.de
tomas.odstrcil@ipp.mpg.de
fir@ipp.mpg.de
Alexander.Lebschy@ipp.mpg.de
Markus.Weiland@ipp.mpg.de
gmeisl@ipp.mpg.de

summers@phys.strath.ac.uk
martin.omullane@phys.strath.ac.uk
alessandra.giunta@stfc.ac.uk

Participant Affiliation Email address Special interests

Ralph Dux IPP ralph.dux@ipp.mpg.de Team leader

Thomas Plitterich IPP Thomas.Puetterich@ipp.mpg.de Charge exchange and heavy
species

Rachael McDermott IPP Rachael.McDermott@ipp.mpg.de Impurity behaviour using charge
exchange spectroscopy - CHEAP

Josef Schweinzer IPP josef.schweinzer@ipp.mpg.de State selective charge transfer
calculation for impurities

Benedikt Geiger IPP benedikt.geiger@ipp.mpg.de FIDA

Eleonora Viezzer IPP elv@ipp.mpg.de

Helium beams and FIDA

Nitrogen cooling in the divertor
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1.1.5 ITER/CEA Cadarache, France

The fifth ADAS-EU visit took place at Cadarache, France. There was a special request for an overview presentation
at ITER itself as a forum where senior management staff from the Diagnostics (CODAC) and Plasma Operation
(POP) teams could discuss future needs and intentions with the ADAS/ADAS-EU team. The introductory talk for
ADAS-EU WATC was prepared in a special form, suited to the interests of ITER and included considerations of the
long-term support of ADAS at ITER. The talk was presented at ITER in the afternoon of 18 Sep. The remainder of
the ADAS-EU visit took place at CEA Cadarache. The participation at CEA meeting was the lowest of the whole
set of ADAS-EU visits. The current shutdown of TORE-SUPRA for the WEST maodification (W Environment in
Steady-state Tokamak), means that at this time diagnotic activity with PhD and postdoctoral research staff is at a low
point.

At ITER, there was varied discussion on the scientific content of the talk, especially on charge transfer and atomic
data for transport models, raised by Dr. Von Hellermann and Dr Kukushkin respectively. Dr. von Hellermann,
noted the very many tungsten CX lines in the visible spectral range. Although appearing as a below bremsstrahlung
quasi-continuum feature, he pondered if in practice, because of the high resolution of visible spectrometry, the indi-
vidual lines could be predicted with sufficient accuracy for direct modelling. Prof. Summers again noted the below
bremsstrahlung level of signals, but did believe that precision wavelengths could be given by the ADAS codes. Dr
Kukushkin commented that although superstages seemed to work well for radiated power when enabled in 2-d trans-
port models (especially SOLPS), he understood that it was less good for the individual shell transport themselves,
citing the explicit SOLPS calculation occupying very many months carried out by Dr. Coster. Prof. Summers had
no detail on this, but believed that very gross superstaging had been used for tests at JET and probably for SOLPS.
He stressed that considerably more sophistication was possible in the superstage concepts (such as accelerated and
retarded solutions), but that the stability of extremely long SOLPS calculation for all tungsten ions would also need to
be validated.

Attendance was principally by senior staff at ITER concerned with on-going support in atomic physics for ITER from
ADAS. Subsequent discussion centred on this area. Dr. Barnsley noted the usefulness of ADAS in the conceptual
design phase of spectrometers. The role of Dr. O’Mullane in providing expert support in ADAS use for the Domestic
Agency design teams (especially Korea and India) was noted. He anticipated the need for even more of this in the full
design stage. Dr. Pitts recognised the key role of ADAS at this stage in edge modelling and sought both extension of
ADAS scope and reassurance on the long term continuation of ADAS. Prof. Summers drew attention to the molecular
extension of ADAS in the series 9 codes and repeated the very large build up of strength in ADAS for very heavy
species. Although ADAS would remain a system for modelling and diagnosing the radiating characteristics of species
in the plasma phase (not on/in surfaces), Prof. Summers was confident of its capacity for full coverage of all ITER
needs in the plasma phase and that ADAS extensions towards opacity, non-Maxwellians and double-differential DEM
were already well ahead of current usages, but relevant to ITER. Dr. Walsh and Dr. Pitts addressed the issue of
long-term staffing of ADAS, especially in the light of Prof. Summers age. Prof. Summers said that planning for the
long term continuation of ADAS and its staffing was part of the ADAS-EU brief. He had already had discussion with
the Principal, Dean of Science and Head of Physics at Strathclyde to assess their views. Also he had sought views
from the Directors of CCFE and the EFDA-JET Facility, and from the scientific officers at the European Commission.
All are supportive, although clearly a business plan, the setting up of suitable staff positions at the University and the
availability of suitably experienced persons to fill them would all be essential for a long term future. Prof. Summers
outlined his current thinking on these matters. He will prepare a final document for ADAS-EU on this after the
concluding, summative ADAS-EU Workshop and Advanced Training Course at the JET Facility - 30 Sep. - 3 Oct.
2013. He hoped that useful discussion and ideas would be brought forward at that meeting and encouraged input from
ITER to it. Prof. Summers indicated that he would be prepared to stay on part-time for up to two years to assist in
preparing the plan and, if it is acceptable to all interested parties, to put it into action.

At CEA, the detailed ADAS-EU course modules were presented on 18 and 19 Sept at CEA Cadarache, hosted by
Dr. Guirlet. Modules, excluding those on charge transfer and beams, were presented to a small set of interested
persons. Dr. Guirlet said that the present long two-year shut down of Tore Supra, and hence low numbers of PhD and
postdoctoral students at CES, accounted for the small numbers. The pedagogical aspects of the lecture presentations
were considered helpful for the non- specialist and for PhD students. Prof. Summers pointed out that he had more
extended lecture notes for the base modules 1, 5 and 8 which he would make available. There were detailed discussions
on the H, molecular collisional-radiative modelling. Dr. Guzman presented a draft talk on further advances in the
model, including additions to the ion impact database, photon efficiencies and the role of ion impact on vibrational
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sub- structure populations. Prof. Summers was surprised by the magnitude of the effects of ion impact on ground state
vibrational populations. It was felt such complicated models required further checking and consideration would be
given to this in the run up to the final meeting at JET. Dr. Guzman and Prof. Summers would work on this together.
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It was agreed, in the light of the longstanding connection between CEA participants and the
ADAS/Univ. of Strathclyde/JET team, that the meeting should be quite informal with a relaxed
schedule. In view of the full overview talk presented at ITER the provious day, it was agreed that
Professor Summers would begin immediately on the core modules and that interjection and
discussion during the presentations were encouraged.

Thu. 19 Sep. 2013

9.15 - 10.00 Module 1 Hugh Summers
Impurity atomic species in fusion plasma, their ionisation state and radiating characteristics
10.00 - 10.45 Demonstrations Martin O'Mullane & Alessandra Giunta
BREAK
11.15-12.15 Module 2 Hugh Summers

Complex species in core and edge of the fusion plasma: Describing and calculating
their characteristics - the current state

LUNCH BREAK
13.30 - 14.15 Demonstrations Martin O'Mullane & Alessandra Giunta
13.30 - 14.15 Module 8 H.P. Summers
Spectral diagnostics for special environments — the interface between fusion and
astrophysics

14.15 - 15.00 Demonstrations Martin O'Mullane & Alessandra Giunta

DISCUSSIONS

Fri. 20 Sep. 2013
9.30-10.15 Module 7 Hugh Summers
Calculating fundamental atomic structure and electron impact cross-section data -
Autostructure and R-matrix
BREAK
10.30-11.15 H, CR modelling extension Francisco Guzman
lon impact, cross-section additions. The state of production of photon efficiencies .
Checks on vibrationally resolved (GCR) and unresolved (CR) populations and
coefficients.
11.15-12.00 Discussions
LUNCH BREAK

13.30- 14.30 Final discussion and ADAS support matters for attention
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Appendix 1 : Meeting participant list

Participant Affiliation Email address Special interests

Michael Walsh ITER Michael. Walsh@iter.org Head of Division, Diagnostics Division

Robin Barnsley ITER Robin.Barnsley@iter.org gection Leader, Ex-Vessel Diagnostics

ection

Richard Pitts ITER Richard.Pitts@iter.org Section Leader, Divertor and Plasma-
Wall Interactions Section

Andre Kukushkin ITER Andre.Kukushkin@iter.org ITER consultant - theory

Manfred von ITER M.G.V.vonHellermann@differ.nl ITER consultant - charge exchange

Hellermann

* three others * ITER

Remy Guirlet CEA remy.guirlet@cea.fr Section Leader, spectroscopy

Francisco Guzman | Univ. of Marseille | francisco.guzmanfulgencio@univ-amu.fr | Research, CR-modelling of H,

* three others * CEA

Hugh Summers ADAS summers@phys.strath.ac.uk

Martin O'Mullane ADAS martin.omullane@phys.strath.ac.uk

Alessandra Giunta | ADAS alessandra.giunta@stfc.ac.uk
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1.1.6 EFDA-JET Facility Culham Laboratory, Abingdon, UK

The sixth ADAS-EU visit took place at The EFDA-JET Facility, Culham Laboratory, UK. The ADAS-EU workshop at
EFDA-JET was just outside the funding period of the project. Also, the ADAS-EU staff, who stayed together to present
this meeting, incurred no travel costs since they are local to Culham Laboratory. Nonetheless, the information on the
workshop is presented here the form of a travel report paralleling the other five ADAS-EU visits. Participants at the
meeting included University experts from Belgium, Rumania and Scotland who had contributed special fundamental
atomic data to ADAS and ADAS-EU. External participants from Griefswald, Brussels and Cadarache connected via
the broadcast system.

The introductory talk by Dr. Lorne Horton began by summarising the long ADAS engagement with JET. Dr. Horton
then reviewed the EP2 upgrade to JET and its timeline. He placed particular emphasis on the beryllium and tungsten
components of the ITER-like wall and impurity seeding as aspects which raised many questions for atomic modelling
and ADAS. He looked to the continuation of ADAS and its atomic rigour with the new generation of young scientists.
Dr. Lars-Goran Eriksson summarised the ADAS-EU project from the EU Commission’s perspective with some details
of the objectives, themes, work packages and deliverables. He then talked in more depth of ADAS integration into the
Integrated Tokamak Modelling Task Force framework. He emphasised the modular and flexible simulation platform,
the interlinks which connected atomic, molecular and nuclear data to it and then explored some of the workflows and
how ADAS atomic data entered into them. Dr. Eriksson final slides discussed the evolution of the Commission’s
support mechanism for fusion in Europe fom FP7 to Horizon 2020. He drew attention to the need to ADAS to forge
new links with the Consortium of National Fusion Institutional participants. Dr Mike Walsh began by bringing the
audience up-to-date with the state of construction of ITER and it mission objectives. He then turned to the general
diagnostic need and the circa forty-five systems intended to provide for these needs. He then focussed on spectral
diagnostic measurement needs, the systems required to fulfill these needs and their locations around the ITER vessel.
In one illustrative case, he explored the implementation of the diagnostic system in a port plug. He then turned to
the atomic modelling being used by ITER for the conceptual design of some of the visible and UV spectroscopy with
substantial engagement of ADAS and associated codes such as SANCO. Further illustrations included the edge charge
exchange and MSE diagnostics. Presenting the time-line for ITER, he emphasised the part ADAS had played and the
wish for ADAS to continue its role effectively in the future. Prof. Summers then presented an overview of ADAS and
ADAS-EU as a prelude to the in- depth lectures and demonstrations to follow in the subsequent two days.

The module lectures were presented by Prof. Summers and the active demonstrations by Dr. O’Mullane and Dr.
Giunta. There were supplementary talks in the molecular module by Porf. Behringer and Dr. Guzman. In the special
feature module, Dr. Meigs gave an engrossing demonstration of how to make the AFS/FFS system work in spectral
analysis which provoked and enthusiastic responses and queries from the audience.

The main wish list for ADAS at JET was presented on the last morning under the chairmanship of Dr. Zastrow,
including an extended contribution from Dr. Brezinsek. Dr. Morris drew discussion together and worked to assemble
a forward looking summary.
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Agenda

ADAS-EU: Final meeting and special workshop

Location: HOW room, JET Facility, Culham Laboratory

Date: 30 Sep 2013 - 3 Oct 2013

Summary: The ADAS-EU Euratom - Framework 7 Support Action of the European

Community commenced on 1 Jan 2009 and terminates on 30 Sep 2013.
ADAS-EU in association with the ADAS Project has maintained atomic
physics capabilities, developed new aspects and sought to anticipate
future needs as required for fusion in Europe and for ITER. To
disseminate and inform on these developments, ADAS-EU during the
Spring and Summer of 2013 has sponsored special workshop/ advanced
training courses at fusion laboratories across the world. This last
meeting and workshop is the summative and concluding one.

The first half-day session is introductory, including an overview of the
scope, principal themes and successes of ADAS-EU. The following four
half-day sessions examine in detail the current state of the ADAS-EU
scientific themes, reflected in and accessible through ADAS. There are
eight modules of one and a half hours duration, each comprising a 45
minute lecture, presented by Prof. Hugh Summers and a 45 minute
active ADAS demonstration, presented by Dr. Martin O'Mullane and Dr.
Alessandra Giunta. For some of the modules, the demonstration session
includes a short special update talk by an ADAS-EU associated expert.
The final half-day session will seek to draw together opportunities and
suggestions for on-going collaborative work on atomic physics within the
framework of the ADAS Project, cooperation in Europe and engagement
with ITER and ITER participant countries. It will also seek suggestions
and opinion on the long-term profile of ADAS.

Arrangements: The meeting has fusion and astrophysics relevance and is open. All

are welcome. The meeting will be broadcast with remote participation.
Coffee will be available between sessions.

H.P. Summers
18 Sep 2013
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30 Sep 2013:

14.00 - 14.30:

14:30 - 15.00:

15:00 - 15.30:

16..00 - 16.45:

1 Oct 2013:

08.45 - 09.30

09.30-10:.15:

10.30- 11.15:

11:15-12.00:

13.00 - 13.45:

13.45 - 14.30:

14.45 - 15.30:

General Agenda

Welcome

General introduction on behalf
of the EU and Euratom.

Atomic physics and the ITER
perspective.

Coffee break

Overview of ADAS and ADAS-EU
principal scientific themes, objectives
and relationships

Module 1: Impurity atomic species
in fusion plasma, their ionisation
state and radiating characteristics.
Demonstrations

Coffee break

Module 2: Complex species in core
and edge of the fusion plasma:
Describing and calculating their
characteristics - the current state.
Demonstrations

Lunch

Module 8: Spectral diagnostics
for special environments - the
interface between fusion and
astrophysics.

Demonstrations

Coffee break

Module 7: Calculating fundamental
atomic structure and electron
impact cross-section data -
Autostructure and R-matrix

Dr. Lorne Horton

Dr. Lars-Goran Eriksson

Dr. Mike Walsh

Prof. H. P. Summers

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers
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15.30-16.15:

16:15-16.30:

2 Oct 2013:

08.45 - 09.30:

09.30-10.15:

10.30- 11.15:

11:15-12:.00:

13.00 - 13.45:

13.45-14.30:

14.45 - 15.30:

15.30-16.15:

16:15 - 16.30:

Demonstrations
Special presentation (Update on
R-matrix & Autostructure)

Question and answer session

Module 5: Charge exchange and
beam emission spectroscopy.
Modelling emitter populations,

beam stopping and analysing spectra.
Demonstrations

Coffee break

Module 6: Advanced charge ex-
change plasma receiver and
beam donor modelling - the
current state

Demonstrations

Lunch

Module 3: H, molecular emission

and collisional-radiative modelling.

Demonstrations

Special presentation (JET H, spectra)

Special presentation (Update on H,
vibronic modelling)

Coffee break

Module 4: modelling and analysing

spectral features - a unified

approach.

Demonstration

Special presentation (JET spectral
series)

Question and answer session

Dr. M. G. O'Mullane/Dr. A. Giunta
Prof. N. R. Badnell

Prof. H. P. Summers/
Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. H. P. Summers
Dr. M. G. O'Mullane/Dr. A. Giunta

Prof. K. H. Behringer
Dr. Francisco Guzman

Prof. H. P. Summers

Dr. M. G. O'Mullane/Dr. A. Giunta
Dr. A. Meigs

Prof. H. P. Summers/
Dr. M. G. O'Mullane/Dr. A. Giunta
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3 Oct 2013:

08.45 - 09.00:

09.00 - 10.00:

010.00 - 11.00:

11.15-12.00:

Shaping ADAS for the future

Initial remarks and guidance
for the discussions

Experimental spectroscopy/

modelling/analysis - what do we
need from ADAS? What are the
opportunities for collaboration?

What should the ADAS profile be
through to ITER and how should it
staffed and resourced?

Coffee break
Completing remarks
(Summary of the workshop/course
opinions, thoughts and the next

steps)

THE END

Dr. K--D Zastrow (Session chairman)

Discussion led by Dr. S. Brezinsek

Discussion led by Dr. W. Morris

Prof. H. P. Summers
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Module contents

Module 1:

Module 2:

Module 3:

Module 4:

Module 5:

Module 6:

Module 7:

Module 8:

preliminaries and nomenclatures; basic population structure in plasmas; reaction
processes and their description; ADAS population and ionisation state modelling;
conclusions.

preliminaries; the whole atom, truncation, collisionality and top-up; ionisation state,
partitions, condensations and superstages; supplementary modelling for dielectronic
recombination, ionisation and impurity influx; conclusions.

preliminaries and nomenclatures; the molecular H, database; vibronic collisional-
radiative modelling; rovibrational spectral simulation and comparison; conclusions.

preliminaries and nomenclatures; ADAS special features - application programming
interface (API) and AFG; ADAS605; combination of functions for spectral fitting - FFS;
conclusions.

preliminaries; modelling populations and emission following charge transfer; charge
exchange spectroscopy, modelling beam stopping and emission; integrated analysis;
conclusions.

charge exchange data for medium-weight and heavy receiver ions; extending population
models for medium-weight receivers; exact Stark atom representations and field
ionisation; collisions, directionality and orientation; conclusions.

preliminaries; atomic structure and collision cross-sections with the COWAN code;
atomic structure and collision cross-sections with the AUTOSTRUCTURE code; mass
production of data with scripts; collision cross-sections with the R-matrix code;
conclusions.

introduction; emissivities, line-ratio studies and contribution functions; differential
emission measure (DEM) analysis; escape probabilities and opacity; non-Maxwellian
electron distributions; conclusions.
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Email address

Affiliation
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Lars-
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EURATOM, EU Commission,
Brussels
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Mons-Hainaut University,
Belgium

Dr. Viorica Stancalie
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Glasgow
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matthew.bluteau@gmail.com
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Glasgow
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=

Michael.Walsh@iter.org

ITER, France
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CCFE Culham Laboratory
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CCFE Culham Laboratory
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CCFE Culham Laboratory
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- five others -
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IPP Griefswald, Germany
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University of Strathclyde,
Glasgow
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University of Strathclyde,
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University of Strathclyde,
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The requirements of the work packages have been met.

1.2 Work package 29-1, 29-2, 29-3, deliverable DISSEM4 and milestone
DSM4

The work package task comprises the preparation of this report.
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Appendix A

ADAS-EU WATC: Introductory
presentations

A.1 Welcome on behalf of EFDA-JET - Dr. Lorne Horton
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A.2 Welcome on behalf of EU Commission - Dr. Lars-Goran Eriksson
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A.3 The ITER perspective - Dr. Mike Walsh
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Appendix B

ADAS-EU WATC: lecture viewgraphs

B.1 module_1
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Appendix C

ADAS-EU WATC: demonstration scripts

C.1 module_1

319



MODULE 1
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1 Demo (a) Finding about ADAS

PURPOSE:Look at the ADAS, ADAS-EU and OPEN-ADAS websites and their structure.

EXAMPLE: The are three main websites related to ADAS:

1. http://www.adas.ac.uk: this website contains all information about ADAS, its
history, news. It includes the online manual, which gives an overview of the
theory behind and detailed explanation of all ADAS series and data formats. All
material related to dissemination (e.g. bullettins, publications, theses) is
available in the website, together with information about past and future ADAS
courses and workshops. Links to ADAS-EU and OPEN-ADAS are also present.

2. http://www.adas-fusion.eu: this website is striclty related to the ADAS-EU
project in support of fusion laboratories in Europe and for ITER (Euratom Framework
7 Support Action). It provides all information about the work packages supporting
fusion research and implemented by ADAS. It also gives details on ADAS-EU courses
and links to ADAS and OPEN-ADAS websites.

3. http://open.adas.ac.uk: this website enables non members to download and use
ADAS data. It allows one multiple research choice:

- a freedom research (e.g. typing the name of the elements or ion or wavelenth
range of interest);

- a research according to the wavelength of interest

- a research based on ion selecting the element from the periodic table.

DEMO al: The ADAS and ADAS-EU websites

ADAS wesite

1. Open an internet browser and type http://www.adas.ac.uk.

2. Click on "Manual"

3. Look at the different ADAS series (ADAS102, ADAS102, etc.)

4. Scrolling down, look at the different ADAS data formats (adf®0, adf®1l, etc.)
(Example files: demo_al_adas_web.png, demo_al_adas_web_series.png,
demo_al_adas_web_adf.png)

ADAS-EU website

5. Click on "ADAS-EU" and, in the webpage which appears, click to the link
http://www.adas-fusion.eu. Alternatively, type directly on the browser
http://www.adas-fusion.eu.

6. Look at the ADAS-EU website.

(Example files: demo_al_adaseu_web.png)

DEMO a2: OPEN-ADAS

1. Type on the browser http://open.adas.ac.uk.

2. Click on "Freedom" to look at the freedon research.

3. Then click on "Ion" and choose an element from the periodic table.
(Example files: demo_a2_open_adas_search.png, demo_a2_open_adas_z.png)



1.1 Demo (a) Figures

1.1.1 Demo (a-1) demo_a/demo_al_adaseu_web.png

ADAS-EU: About ADAS-EU - Mozilla Firefox

File Edit View History Bookmarks Tools Help

| &% ADAS-EU: About ADAS-EU [
& | & adas-fusion.eu Ve [3v Q‘

BEADAS-EU
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About
] * ADAS-EU

About ADAS-EU

* AD! Enhanced support is to be provided in atomic data and analysis for fusion laboratories in
Personnel Europe and for ITER under a four year Euratom Framework 7 Support Action.

Diary

ADAS-EU is a support activity for implementation of atomic data in plasma diagnostics and

Courses modelling at fusion laboratories throughout Europe, for management of databases of relevant
Scientific Themes fundamental and applied data and for promotion of key fundamental atomic data calculation

and measurement. It will enable improved effectiveness of analysis of existing fusion
experiments and prepare for ITER,

+* Beam stoi:.;elmss. The primary scientific objectives are provision of analysis tools and necessary
% Special Features atomic/molecular data for spectroscopy and broadband radiation detection at all wavelengths
* Molecules in all plasma regions. Provision of derived atomic/molecular data for plasma models, including

Complementary Themes

* Management

passive emission, near surface emitters, beams, beam penetrated plasma, field disturbed
i e atoms and ions, electron distribution functions, fast particles, slowing down particle
* Dissemination distributions and beam calibration.

Implementation

Laboratory Partners
* Overview

# Progress ADAS-EU will work with all Euratom Fusion Laboratories and will place dedicated research
* OPEN-ADAS fellows for extended periods at the following locations:

« ITER via Fusion for Energy

EFDA « Commissariat a I'énergie atomique Cadarache
* Forschungszentrum Jiilich in der Helmholtz Gemeinschaft
.

Max-Planck-Institut fiir Plasmaphysik

as well as maintaining a dedicated presence at:

« EFDA-JET
* CCFE Culham

« University of Strathclyde
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Figure 1: ADAS-EU website - first page




1.1.2 Demo (a-1) demo_a/demo_al_adas_web.png

ADAS: News - Mozilla Firefox -

File Edit View History Bookmarks Tools Help

| ® ADAS: News

L%

& l ® w adas.ac.uk

~ gl [-‘lv

ADAS

Search Site | Contact Details | FAQ

Atomic Data and Analysis Structure

I News
About ADAS
Members

Documentation

+ Manual
+ Bulletins

« Subroutines
* Publications
» Notes

+ Theses

ADAS-EU
OPEN-ADAS
Support / Bugs
ADAS Courses

‘Workshops

2006
2007
2008
2009
2010
2011
2012

ADAS News
22-September-2012: 2012 ADAS workshop

The agenda for the workshop is ready and can be seen here.

Places on the ADAS-EU training course, immediately following the workshop, are still
available. For information please look here.

7-July-2012: 2012 ADAS workshop

Details and registration for the 2012 ADAS workshop, to be held in Cadarache between
23-25 September, are here.

23-April-2012: ADAS in the news
ADAS has been highlighted in two international, general circulation newsletters,

The EFDA Fusion in Europe newsletter which is distributed to policy makers throughout
the political, fusion and industrial sectors.

Also inthe IAEA Nuclear Data Newsletter which has a world-wide circulation.
23-January-2012: Post-doc position in atomic physics at University of Strathclyde

A post-doctoral research fellow position, based in the Department of Physics at the
University of Strathclyde in Glasgow, is available for up to 3 years to work on theoretical
studies of atomic collision processes of particular relevance to astrophysics. Preliminary
details and contact information are here.

06-January-2012: ADAS-EU training course in Padua, 26—30 March

The next ADAS-EU training course will be hosted by Consorzio RFXin Padua, ltaly next

March. This is a week long intensive course on using ADAS. Full details at the ADAS-EU
wehsite

a

Figure 2: ADAS website - first page



1.1.3 Demo (a-1) demo_a/demo_al_adas_web_series.png

ADAS: Docmentation - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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I - Manua « Introduction |
« Bulletins
« Subroutines ADAS Series 1- Atomic Data Entry and Verification
+ Publications ) )
« Notes « Introduction to Series 1
« Theses + ADAS101: Electron Impact Excitation Cross Section - Graphing and Rate
Evaluation
ADAS-EU * ADAS102: Electron Impact Excitation Rate - Graphing and Interpolation
OPEN-ADAS + ADAS103: Dielectronic Recombination - Graphing and Interpolation
« ADAS105: Electron Impact lonisation Cross Section - Graphing and Rate
Support / Bugs Evaluation
+ ADAS106: Electron Impact lonisation Rate - Graphing and Interpolation
ADAS Courses « ADAS108: Electron Impact Excitation of Neutrals and Molecules. - Graphing
Workshops and Rate Evaluation
* 2006
« 2007 ADAS Series 2 - General Z Data and Population Processing
« 2008 . .
« 2009 « Introduction to Series 2
. 2010 * ADASZ201: Specific Z Excitation File - Graph and Fit Coefficient
. 2011 * ADAS202: General Z Recom.lonis. File - Extraction from General Z File
. 2012 + ADAS203: General Z Excitation File - Extraction from General Z File
« ADAS204: Specific Z Recom./lonis. File - Process ACD,SCD and Population
« ADAS205: Specific Z Excitation File - Process Meta./Excit. Population
+ ADAS206: Specific Z Excitation File - Process Line/Total Power
+ ADAS207: Meta./Excit. Population File - Process Line Emissivities
« ADAS208: Specific Z Excitation File - Advanced Population Processing
+ ADAS209: General Level Bundling File - Process Effective Collision
Strengths
+ ADAS210: General Level Unbundling File - Process Effective Collision
Strengths
+ ADAS211: Radiative Recombination - Process for Specific lon File
+ ADAS212: Dielectronic Recombination - Process for Specific lon File
+ ADAS213: Collisional lonisation - Process for Specific lon File
+ ADAS214: Escape Factors - Convert Specific ion File
+ ADASZ215: Temperature Regrid - Convert Specific lon File
+ ADAS216: Error Processing - Examine Errors in Specific ion Files
http:/fwww.adas.ac.uk/man/chap2-04.pdf 020 &= g2 B I B A [~

Figure 3: ADAS - code series



1.1.4 Demo (a-1) demo_a/demo_al_adas_web_adf.png

ADAS: Docmentation - Mozilla Firefox

File Edit View History Bookmarks Tools Help
= ADAS: Docmentation 1+

& # www.adas.ac.uk/manual. php ~e]| [~

ADAS Appendix A - ADAS Data format specifications

« Introduction to ADAS Data formats

« ADF00: Ground configurations and ionisation potentials

+ ADF01: Bundle-n and bundle-nl charge exchange cross-sections
+ ADFO02: lon impact cross-sections with named participant

+ ADF03: Recombination, ionisation and power parameter sets

+ ADF04: Resolved specific ion data collections

+ ADFO05: General z excitation data collections

+ ADFO06: General z recombination/ionisation data collections

« ADFO07: Direct resolved electron impact ionisation data collections
+ ADFO08: Direct resolved radiative recombination coefficients

« ADF09: Direct resolved dielectronic recombination coefficients
* ADF10: Iso-electronic master files

* ADF11: Iso-nuclear master files

+ ADF12: Charge exchange effective emission coefficients

+ ADF13: lonisation per photon coefficients

+ ADF14: Thermal charge exchange coefficients

+ ADF15: Photon emissivity coefficients

« ADF16: Generalised contribution functions

+ ADF17: Condensed projection matrices

+ ADF18: Cross-referencing data

+ ADF19: Zero density radiative power

+ ADF20: G(Te) functions

+ ADF21: Effective beam stopping coefficients

+ ADF22: Effective beam emission coefficients

+ ADF23: State selective electron impact ionisation coefficients
+ ADF24: State selective charge transfer cross-sections

+ ADF25: Driver data-sets for ADAS204 calculations

+ ADF26: Bundle-n and bundle-nl populations of excited states in beams
+ ADF27: Driver data-sets for ADAS701 calculations

+ ADF28: Driver data-sets for ADAS702 calculations

« ADF29: Driver data-sets for ADAS707 calculations

« ADF30: Driver clata-sets for ADAS708 postprocessing

+ ADF31: Feature files for spectral simulation

+ ADF32: Driver data-sets for ADASB02 calculations

+ ADF33: Driver data-sets for ADASB03 postprocessing

+ ADF34: Driver data-sets for ADAS801 calculations

+ ADF35: Spectral filter data

\DF36: Hydrogenic series limit feature file

\PF37- Noan-M llian distrihutinn function files

http:/fwww.adas.ac.uk/man/appxa-23.pdf

Figure 4: ADAS data formats



1.1.5 Demo (a-2 demo_a/demo_a2_open_adas_search.png

OPEN-ADAS - Mozilla Firefox

File Edit View History Bookmarks Tools Help

& OPEN-ADAS

&= l ¥ open adas.ac.uk

OPEN-ADAS

Atomic Data and Analysis Structure Fe | (5097,

Search by
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About OPEN-ADAS

OPEN-ADAS is a system to search and Freeform search

disseminate key data from the Atomic Data and ‘
Analysis Structure (ADAS)

consortium of over twenty members

ADAS is a computer program managed by the m + Freeform search examples
University of Strathclyde and made up of a

The OPEN-ADAS system enables

astrophysics, to download and use ADAS data.

non-members, with an interestin fusion and Freeform search ‘ Search by wavelength Search by ion

More about OPEN-ADAS

26 Feh 2013 — Major update to the website
The OPEN-ADAS website has been updated with
anewvisual interface and the addition of three
new data classes.. Read more

The OPEN-ADAS data classes

The data contained within ADAS is strictly organised and precisely formatted. There are over fifty
distinct types of data file. The scope of OPEN-ADAS is targetted on and limited to the release and
organisation of general user relevant data from the ADAS databases and the provision of code,
subroutines and procedures to enable such users of OPEN-ADAS to read the released data
These data classes are given below.

FUNDAMENTAL CLASSES DERIVED CLASSES

ADF

kil

Charge exchange cross sections

nl-resolved charge exchange cross-sections over a
range of n-shells for a donor neutral atom and

Iso-nuclear master files

Effective (collisional-radiative) coefficients which are
required to establish the ionisation state of a
ionised impurity receiver dynamic or steady-state plasma.

il

Figure 5: OPEN-ADAS - freeform search



1.1.6 Demo (a-2 demo_a/demo_a2_open_adas_z.png

OPEN-ADAS - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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® OPEN-ADAS IEY
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Search by
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About OPEN-ADAS

OPEMN-ADAS is a system to search and
disseminate key data from the Atomic Data and
Analysis Structure (ADAS)

ADAS is a computer program managed by the
University of Strathclyde and made up of a
consortium of over twenty members

The OPEN-ADAS system enables
non-members, with an interest in fusion and
astrophysics, to download and use ADAS data.

More about OPEN-ADAS

26 Feh 2013 — Major update to the website
The OPEN-ADAS website has been updated with
anewvisual interface and the addition of three
new data classes.. Read more

The OPEN-ADAS data classes

Select an element from the periodic table

[ce][pr [wa [Pm|sm[Eu][ca] o] oy][Ho [ Er [[tm][vn L]
[t pal v

Or specify an element and/or charge

Element Charge
| +* || n charge or iso-sequence symbol

[4tomic number or symbal

Freeform search | Search by wavelength ‘ Search by ion

The data contained within ADAS is strictly organised and precisely formatted. There are over fifty
distincttypes of data file. The scope of OPEN-ADAS is targetted on and limited to the release and
organisation of general user relevant data from the ADAS databases and the provision of code,
subroutines and procedures o enable such users of OPEN-ADAS to read the released data.

These data classes are given below.

il

Figure 6: OPEN-ADAS - search by ion



2 Demo (b) The code and data organisation

PURPOSE: Overview of ADAS database and code organisation. This demo shows the
interactive and non-interactive capabilities of ADAS. It also illustrates how to
access the atomic and molecular database and look at the different libraries and
codes (fortran,idl, etc.).

EXAMPLE: ADAS provides atomic data as well as sets of codes for modelling the
radiating properties of ions and atoms in plasmas and for assisting in the
interpretation and analysis of spectral measurements. It is addressed to a large
variety of plasmas, ranging from astrophysical (from solar atmosphere to
interstellar medium) to laboratory devices (from fusion to technological plasmas).

Documentations: The entire ADAS manual and related documentation are in the
directory /home/adas/doc/

Componemts of ADAS structure:
1. an extensive database of fundamental and derived atomic data. They are collected
in the directory /home/adas/adas/

adf0® adf0®6 adfl2 adfl8 adf24 adf34 adf48 archl03 arch603 scripts409
adf®1 adf®7 adfl3 adfl9 adf25 adf35 adf49 archl05 arch804 scripts416
adf02 adf®8 adfl4d adf20 adf26 adf38 adf54 arch106 mdf00

adf®3 adf®9 adfl5 adf21 adf27 adf39 adf56 archl108 mdf02

adf®4 adfl® adfle adf22 adf28 adf40 archl0®1 arch601 scripts405

adf®5 adfll adfl7 adf23 adf32 adf42 archl0®2 arch602 scripts406

adf is ADAS data file
mdf is molecular data format
arch are archives

scripts are drivers

2. a large set of libraries, routines and utilities (including FORTRAN, C,C++, IDL
and MATLAB) for accessing the database, delivering data, performing calculation of
fundamental data and spectroscopic analysis (ADAS series, e.g. ADAS201).

Some of the most relevent directories are the following:

- /home/adas/fortran/
which contains:

adaslxx adas3xx adas5xx adas7xx adas9xx
adas2xx adas4xx adas6xx adas8xx adaslib

-/home/adas/C/
which contains:
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adas5xx adas6xx adaslib

-/home/adas/idl/
which contains:

adaslxx adas3xx adas5xx adas7xx adas9xx write_adf
adas2xx adas4xx adas6xx adas8xx adaslib read_adf

The subdirectories adaslib, write_adf and read_adf include utility and reading
routines.

Each of the subdirectories of the type adaslxx,adas2xx etc are related to the ADAS
series: e.g. adas2xx is ADAS series 2 for the investigation of "General Z data and
Population Processing”. In turn this includes the directories:

adas201 adas203 adas205 adas207 adas209 adas211 adas213 adas215 adaslib
adas202 adas204 adas206 adas208 adas21® adas212 adas214 adas216

for specific displaying or analysis purposes: e.g. adas201 contains a set of
routines which allows one to graph and fit coefficients for specific Z excitation.

Capabilities of ADAS structure:

1. the interactive part, which provides immediate display of fundamental and
derived data used in analysis and allow one to explore parameter dependencies and
diagnostic predictions of atomic population and plasma models;

2. the non-interactive part, provides a set of subroutines than can be accessed
from the users and embedded in their own codes.

COMMENTS: The use of ADAS and its full capabilities, as described by this demo, is
reserved to the members. However, the database (fundamental and derived atomic
data) and the fortran reading routines for the ADAS data files are available also
in the OPEN-ADAS website (see demo a) and free from the restriction of ADAS
membership. .

DEMO bl: Language and library structure

1. Open the directory /home/adas/doc/ to look at the documentation.

2. Open the directory /home/adas/adas/ to look at the location of the atomic and
molecular database.

3. Open the directory /home/adas/idl/ to look at the ADAS series.

4. Open the directory /home/adas/fortran/ to look at the ADAS series (as point 3.).

DEMO b2: ADAS data formats
1. Open the directory /home/adas/adas/adf0®4 to look at an example of ADAS data
file.

DEMO b3: Interactive ADAS menus and starting code

1. Go into the directory /home/adas/pass/.
2. Run adas.

11



3. Click on series 2: "2 General Z Data and Population Processing".

4. Click on "ADAS201: Specific Z Excitation File - Graph and Fit Coefficient"
5. Select a data set, e.g. from /home/adas/adas/adf®4/adas#6/mom97_ls#cl.dat and
start the program.

12



3 Demo (¢) Fundamental data collections

PURPOSE:Look at the fundamental data collection.

EXAMPLE: This demo gives examples of how look at some of the fundamental data
collected in the ADAS data files (adf).
Three samples are provided:

1. adf04: These ADAS data files are collections of energy levels (or terms
or configuration arrays according to the resolution adopted), radiative
transitions probabilities (A-values) and rate coefficients for specifed low
states of an ion. There are five types of adf®4: a) Type 1: electron
collision transition line Omega (collision strength) as a function of the
threshold parameter X. X, with 1<X <infinitive, is defined as ei/(Ej-Ei),
where ei is the incident electron energy, Ej the energy of the upper state
of the transition and Ei the energy of the lower state (Note that
ei+Ei=ej+Ej, where ej is the energy of the scattered electron). b) Type 3:
electron collision transition line Upsilon (effective collision strength) as
a function of electron temperature. c) Type 4: electron collision transition
line Upsilon and Downsilon as a function of energy (see Bryans 2005 -
http://www.adas.ac.uk/theses/bryans_thesis.pdf). d) Type 5: electron
collision transition line Omega as a function of the final state energy
(which is the enery of scattered electron ej). e) Type 6: electron collision
transition line Omega_l as a function of 1.

For the demo a distorted wave adf@4 for Be-like oxygen (0+4) has been
chosen: /home/adas/adas/adf®4/cophps#be/dw/1s#04_t5.dat

This is a type 5 adf04 in ls resolution. The term configurations are in the
Eissner notation.

Three different transitions, which involve the ground term, have been
chosen: 1) a dipole transition: 2s2 1S - 2s 3p 1P (corresponding to indices
1-9) 2) a spin change transition: 2s2 1S - 2s 3p 3P (corresponding to
indices 1-10) 3) a monopole transition: 2s2 1S - 2p 3p 1S (corresponding to
indices 1-24)

The three transitions show three characteristic behaviour (see viewgraphs).

2. adf08: This data file set contains the radiative recombination
coefficients. For ionised H which recombines to neutral H, the adf0®8 is:
/home/adas/adas/adf08/rrc98##/rrc98##_hl.dat. This is in LS resolution.
Consider the first three shells n=2,3,4. For n=2 shell the corresponding
terms are 2s 2S and 2p 2P, with indices 2 and 3 respectively. For n=3 shell
the corresponding terms are 3s 2S, 3p 2P and 3d 2D with indices 4, 5 and 6
respectively. Finally, for n=4 shell the corresponding terms are 4s 2S, 4p
2P, 4d 2D and 4f 2F with indices 7, 8, 9 and 10 respectively. The

13



contribution of radiative recombination to each shell is given by the sum of
the term contributions.

3. adf09: This data file provides final state level-resolved dielectronic
recombination rate coefficients into final terms (LS resolution) or levels
(J-resolved). For Be-like -> B-like carbon (C+2 -> C+1), in LS resolution
and considering the recombination from n=2 shell of recombining ion into n=2
shell of recombined ion, the adf09 is:
/home/adas/adas/adf09/nrbjc00#be/nrb®0#be_c21s22.dat The total contribution
due to dielectronic recombination is calculated for each metastable of the
recombining ion. In this case the recombining ion is C+2 and the metastable
terms are 2s2 1S and 2s 2p 3P (see also MODULE 2 DEMO a: Identifying
metastables).

COMMENTS: Note that an adf®4 type 5 has been used in DEMO 1lc instead of an
adf04 type 1. Therefore the final energy ej (energy of scattered electron)
has been converted into the X parameter for each transitions, which is
X=(ej+delta_E)/delta_E, where delta_E is the equals to Ej-Ei, that is the
energy difference between level j and level i of the corresponding
transition.

DEMO cl: Looking at adf0®4: understanding the cross sections

1. Look at the adf®4 type 5 for 0+4 and select three

transitions: e.g. dipole, spin change and monopole.

2. Use read_adf04.pro to read the adf®4 selected.

3. Convert type 5 in type 1 adf04 to show the behaviour of the collision
strength of each transition as a function of the threshold parameter.

4. Plot the Omega for the three transitions.

Program: demo_c_1.pro

Sample of output file: demo_c_1.ps

DEMO c2: Looking at adf08: radiative recombination data.

1. Look at the adf08 for H to select the appropriate level indices.

2. Use read_adf08.pro to read the selected adf08.

3. Sum over the shell (n=2, n=3, n=4).

4. Plot the radiative recombination coefficients into n=2, n=3 and n=4 shells for H
as a function of electron temperature.

Program: demo_c_2.pro

Sample of output file: demo_c_2.ps

DEMO c3: Looking at adf09: dielectronic recombination data

1. Use xxdata_09.pro to read adf09.

2. Plot the total contribution of dielectronic recombination from the two
metastables of recombining ion.

Program: demo_c_3.pro

Sample of output file: demo_c_3.ps

14



3.1 Demo (c) Figures
3.1.1 Demo (c-1) demo_c/demo_c_1.pdf
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3.1.2 Demo (c-2) demo_c/demo_c_2.pdf
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3.1.3 Demo (c-3) demo_c/demo_c_3.pdf
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3.2 Demo (c¢) Procedures
3.2.1 Demo (c-1) demo_c/demo_c_1.pro

pro demo_c_1

;Use read_adf04.pro to read type 5 adf®4 for 0+4 (Be-like)

;select three different transitions (e.g. dipole, spin change and monopole)
;plot the omega as a function of the threshold parameter [X=ei/(Ej-Ei)]

;adf04 type 5 in 1s resolution
adf04=’/home/agiunta/adas/adf04/cophps#be/dw/1s#04_t5.dat’

;read the adf®4 using read_adf0®4.pro
read_adf04, file=adf04, fulldata=data

;dipole transition: e.g. 2s2 1S - 2s 3p 1P
dd=where(data.lower eq 1 and data.upper eq 9)

;spin exchange transition: e.g. 2s2 1S - 2s 3p 3P
ee=where(data.lower eq 1 and data.upper eq 10)

;monopole transition: e.g. 2s2 1S - 2p 3p 1S
mm=where(data.lower eq 1 and data.upper eq 24);8)

ej=data.te
;Derive the X parameter for the three transitions

;1. Dipole transition

;identify the levels

dl=where(data.ia eq 1)

d2=where(data.ia eq 9)

;Values of energy in cm-1 corresponding to the previous levels
Ej_d=data.wa[d2]

Ei_d=data.wa[d1l]

;calculate the delta_E for the dipole transition and convert to eV
delta_E_d=(Ej_d-Ei_d)/8066.0

;convert eV to Ryd

delta_E_d=delta_E_d/13.6

X_d=dblarr(n_elements(ej))

for i=0,n_elements(ej)-1 do X_d[i]=(ej[i]+delta_E_d)/delta_E_d

;2. Spin exchange transition

;identify the levels

sl=where(data.ia eq 1)

s2=where(data.ia eq 10)

;Values of energy in cm-1 corresponding to the previous levels
Ej_s=data.wa[s2]

Ei_s=data.wa[sl]
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;calculate the delta_E for the dipole transition and convert to eV
delta_E_s=(Ej_s-Ei_s)/8066.0

;convert eV to Ryd

delta_E_s=delta_E_s/13.6

X_s=dblarr(n_elements(ej))

for i=0,n_elements(ej)-1 do X_s[i]=(ej[i]+delta_E_s)/delta_E_s

;3. Monopole transition

;identify the levels

ml=where(data.ia eq 1)

m2=where(data.ia eq 24)

;Values of energy in cm-1 corresponding to the previous levels
Ej_m=data.wa[m2]

Ei_m=data.wa[ml]

;calculate the delta_E for the dipole transition and convert to eV
delta_E_m=(Ej_m-Ei_m)/8066.0

;convert eV to Ryd

delta_E_m=delta_E_m/13.6

X_m=dblarr(n_elements(ej))

for i=0,n_elements(ej)-1 do X m[i]=Cej[i]+delta_E_m)/delta_E_m

;plot Omega as a function of the threshold parameter X
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’'demo_c_1.ps’, §
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica

;using a normalisation factor to show the behaviour of the three transitions
plot_oi,X_d,data.gammal[dd, *],xrange=[1.,10.],yrange=[0.,0.15],$

title="0+4’ ,xtitle="X’,ytitle="17X!3’
plots,X_s,data.gammafee,*],line=1
plots,X_m,data.gamma[mm, *],line=2

xyouts,1.8,0.1, ’dipole’
xyouts,5.,0.007,’spin change’
xyouts,2.,0.023, 'non-dipole’
device, /close

set_plot,’X’

Ip.font=-1

end

3.2.2 Demo (c-2) demo_c/demo_c_2.pro

pro demo_c_2
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;Use read_adf08 to read adf®8 for H
;and extract and plot state selective radiative
;recombination coefficients for H into n=2, n=3 and n=4 shells

adf08="/home/adas/adas/adf08/rrc98##/rrc98##_hl.dat’
parent=1

;define the level indices looking at the adf08 selected
level=[2,3,4,5,6,7,8,9,10]

nlev=n_elements(level)

;define electron temperature (eV)
te=adas_vector(low=0.1,high=1.e5,num=30)
nte=n_elements(te)

rec=fltarr(nte,nlev)

;read the adf08 selected using read_adf08.pro

for i=0,nlev-1 do begin
read_adf08, file=adf08,parent=parent,level=level[i],te=te,data=data
rec[*,i]=data

endfor

;sum over the shell
;n=2: level=2 -> 2s 2S; level+3 -> 2p 2P
recn2=total(rec[*,0:1],2)

;n=3: level=4 -> 3s 2S;level=5 -> 3p 2P;level=6 -> 2d 2D
recn3=total(rec[*,2:4],2)

;n=4: level=7 -> 4s 2S;level=8 -> 4p 2P;level=9 -> 4d 2D; level=10 -> 4f 2F
recnd4=total(rec[*,5:8],2)

;plot recombination coefficients to n=2, n=3 and n=4
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’demo_c_2.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica

plot_oo,te,recn2,title="H!u+l!n + e-> H!u+®!n + h!7m!3’,$
xtitle="ELECTRON TEMPERATURE (eV)’, §$
ytitle="RECOMBINATION COEFFICIENT (cm!u3!'n s!u-1!n)’

oplot,te,recn3
oplot,te,recnd

xyouts, te[nte/5],recn2(nte/5), 'n=2"
xyouts, te[nte/3],recn3(nte/3), 'n=3’
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xyouts, te[nte/2],recn4 (nte/2), ’'n=4’

device, /close
set_plot,’X’
Ip.font=-1

end

3.2.3 Demo (c-3) demo_c/demo_c_3.pro

pro demo_c_3
;Use xxdata_09.pro to read adf®9 for C Be-like -> B-like
;in 1s resolution from n=2 -> n=2

adf09="/home/adas/adas/adf09/nrbjc00#be/nrb®0#be_c21s22.dat’

;read adf®9 using use xxdata_09.pro
xxdata_09, file=adf09, fulldata=data

;convert electron temperature units from Kelvin to eV
te=data.tea/11604.5

;plot the total contribution of dielectronic recombination
;from the two metastables of recombining ion
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’demo_c_3.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica
plot,alogl®(te),alogl®(data.diel_tot[0,*]),
yrange=[-20.,-10.],
title="C Be-like -> B-like’,
xtitle="1og(T!de!ln) (eV)’,
ytitle="log(!7a!3!dtot!n!'u(d)!n) (cm!u3'!'n s!u-1!n)’
oplot,alogl®(te),alogl®(data.diel_tot[1,*]),line=1

xyouts,0.9,-10.5,’1st metastable’
xyouts,-0.8,-13.,’2nd metastable’

device, /close
set_plot,’X’
Ip.font=-1

end
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4 Demo (d) Executing population calculations

PURPOSE: Perform population calculations, look at the different coefficients and
calculate ionisation balance and radiated power.

The population of excited levels is calculated by ADAS205 and ADAS208. The input
dataset is a specific ion file in the adf0®4 format. ADAS208 is an extension of
ADAS205 and includes in the population calculation: a) metastable parents;
b)condensed influenced of very highly excited level populations; c)inner shell
ionisation forming excited states; d) three boby recombination.

Additionally, ADAS208 generates the Generalised Collisional-Radiative (GCR)
coefficients:

1) adf15, which is the Photon Emissivity Coefficients, PEC;

2) adfll, which includes the following coefficients:

scd= ionisation coefficients

acd= free electron recombination coefficients

ccd= charge exchange recombination coefficients
xcd= metastable cross-coupling coefficients

gcd= parent metastable cross-coupling coefficients

plt= total excitation line power coefficients

prb= free electron recombination cascade bremsstrahlung power coefficients
prc= charge exchange power coefficients

pls= specific line excitation power coefficients

ecd= effective ionisation potential
zcd= effective superstage charge
ycd= effective superstage square of effective charge

The units of first group are cm3 s-1, while for the power coefficients
the units are ergs cm3 s-1. The last group is used for heavy species.

The adfll data files are identified by year (e.g. 85, 89, 93, 96).
96 -> full GCR (also 93 is GCR, however they are available only for a small set
of elements)

Once all the GCR coefficients adfll are available (metastable resolved and stage to
stage), fractional abundances and radiated power may be calculated using ADAS405 at
equilibrium and ADAS406 using a simple transient model.

EXAMPLE: For the population calculation, this demo provides an example of the use
of ADAS205 applied to neutral helium. The population of excited levels is calculate

with respect to the ground or metastable level population.

The behaviour of the ratio between excited level population and ground level
population as a function of electron density helps to identify:
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1) different plasma regimes: coronal, CR, LTE
2) metastable levels or terms (see also MODULE 2 DEMO a: Identifying
metastables).

The adf04 selected for the demo is:
/home/adas/adas/adf04/adas#2/mom97_1s#he®.dat

The temperature chosen is 8.6 eV.

Two outputs from the advanced calculation performed by ADAS208 are included in the
demo:
1) adf15 for C+1 (excitation PEC):
/home/adas/adas/adf15/pec96#c/pec96#c_pjr#cl.dat
spectral line: 858.4 Ang. 2s2 2p 2P - 2s2 3s 2P
C+1 has two metastable terms: 2s2 2p 2P, which is the ground term, and 2s 2p2 4P.
The excitation PECs driven by the two metastables have been chosen for the demo.
2) adfll for 0+3 (free electron recombination coefficient, acd):
In central ADAS the data file is:
/home/adas/adas/adf11/acd96r/acd96r_o.dat
However, if one wants to investigate the behaviour at high density, it would be
better to increase the electron density range at which the coefficient is
calculated. This is done running ADAS404 interactively for oxygen and editing
the electron temperature and density range. The output file used as example has
been saved locally and named acd404_o.pass.

0+4 has 2 metastable terms, 2s2 1S and 2s 2p 3P, as well as 0+3 which has the 2
metastable terms 2s2 2p 2P and 2s 2p2 4P.

The recombination coefficient from the second metastable of 0+4 (iprt=2) to the
second metastable of 0+3 (igrd=2) has been selected for this demo.

The adfll data files are of two types: stage to stage or unresolved (also called
standard type) and metastable resolved - e.g. the file
/home/adas/adas/adf11/acd96r/acd96r_o.dat, mentioned above provides metastable
resolved recombination coefficients, while the file
/home/adas/adas/adfll/acd96/acd96_o.dat gives stage to stage recombination
coefficients. Once the adfll files (scd, acd, etc) are available for an element, it
is possible to calculate the fractional abundances and the radiated power at
equilibrium using ADAS405.

For oxygen the inputs are the following:

Element symbol= o
Year=96
Default year=96
Isonuclear master classes: scd, acd, prb, plt (for stage to stage)
scd, acd, qcd, xcd prb, plt (for metastable resolved)

23



COMMENTS: Note that the full GCR adf1l5 used for the demo is in LS resolution.

DEMO dl: Running ADAS205 for populations
1. Use ADAS205 with the interactive ADAS windows.
(sample of output file: demo_dl.ps)

DEMO d2: Looking at adfl5 and adfll
1. Look at the adfl5 selected to identify blocks corresponding to the

line chosen (C II 858.4 Ang.).
2. Use read_adfl5.pro to read the metastable resolved PEC data file adfl5
3. Plot a surface of the excitation PEC as a function of Te and Ne comparing the
behaviour due to the two metastables of C+1.
3. Look at the adfll year 96 resolved for oxygen. Look at the electron
temperature and density range. If it is not appropriate, run the interactive
ADAS404, with a wider range of Te and Ne, to produce a new adfll for oxygen and
save it locally.
4. Use read_adfll.pro to read the selected adfll.
5. Plot a surface of ACD as a function of electron temperature and density.
Program: demo_d_2.pro
Output files: demo_d_2_pec.ps, demo_d_2_acd.ps

DEMO d3: Running ADAS405 interactively and offline
1. Using the input defined above run ADAS405 using the interactive windows:
a. Select -> Type of master files: Standard
b. Select -> Data file: NULL
c. Produce a fractional abundance plot and a power function plot
(output files: demo_d_3_intv_ion_unres.ps, demo_d_3_intv_power_unres.ps)
d. Repeat a.- c. selecting Type of master files: Partial - Resolved
(output files: demo_d_3_intv_ion_res.ps, demo_d_3_intv_power_res.ps)

2. Use run_adas405.pro from the command line for oxygen.

3. Plot stage to stage fractional abundances as a function of electron temperature
for a fixed electron density (e.g. dens=1.el® cm-3).

4. Plot metastable resolved fractional abundances as a function of electron
temperature for a fixed electron density (e.g. dens=1.e1® cm-3).

5. Plot metastable resolved radiated power (total, plt, prb and ion) as a function
of electron temperature for a fixed electron density (e.g. dens=1.el® cm-3).
Program: demo_d_3.pro
Output files: demo_d_3_ion_unres.ps, demo_d_3_ion_res.ps, demo_d_3_power_res.ps
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4.1 Demo (d) Figures
4.1.1 Demo (d-1) demo_d/demo_d_1.pdf
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4.1.2 Demo (d-2) demo_d/demo_d_2_acd.pdf

0** (2s2p %P) —> 0%® (2s2p? *P)

Figure 11:
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4.1.3 Demo (d-2) demo_d/demo_d_2_pec.pdf
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Figure 12:
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4.14 Demo (d-3) demo_d/demo_d_3_intv_ion_res.pdf
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4.1.5 Demo (d-3) demo_d/demo_d_3_intv_ion_unres.pdf
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4.1.6 Demo (d-3) demo_d/demo_d_3_intv_power _res.pdf

POWER FUNCTION VS. ELECTRON TEMPERATURE:
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4.1.7 Demo (d-3) demo_d/demo_d_3_intv_power_unres.pdf

POWER FUNCTION VS. ELECTRON TEMPERATURE:
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4.1.9 Demo (d-3) demo_d/demo_d_3_ion_unres.pdf
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4.1.10 Demo (d-3) demo_d/demo_d_3_power_res.pdf
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4.2 Demo (d) Procedures
4.2.1 Demo (d-3) demo_d/demo_d_3.pro

pro demo_d_3
;Use run_adas405.pro to produce stage to stage and metastable resolved
;fractional abundances and radiated power for oxygen

;Define electron temperature (eV) array
te=adas_vector(low=1.,high=1000. ,num=24)

;Define a constant electron density (cm-3)
dens=1.e10

;Set up source (central ADAS or user directory),
;element, year and default year

uid=’adas’
elem="0’
year=96
defyear=96

;Run run_adas405.pro to produce both fractional abundances and power

;in the unresolved or standard (stage to stage) case

run_adas405, uid=uid, year=year, defyear=defyear, elem=elem, te=te,$
dens=dens, frac=frac_unres, power=power_unres,/all

;Run run_adas405.pro to produce both fractional abundances and power

;in the metastable resolved case

run_adas405, uid=uid, year=year, defyear=defyear, elem=elem, te=te,$
dens=dens, partial=1, frac=frac_res, power=power_res,/all

;Plot oxygen fractional abundances for stage to stage case

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_d_3_ion_unres.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

plot_oo,te, frac_unres.ion[0,*,0],xrange=[1.,1000.],yrange=[1.e-4,1.],$
title="Oxygen - Stage to stage’,$
xtitle="ELECTRON TEMPERATURE (eV)’,$
ytitle="N!dINDEX!n/N!dTOTAL!n’ ,/nodata

for i=0,n_elements(frac_unres.stage)-1 do oplot,te,frac_unres.ion[®,*,i]

device, /close
set_plot,’X’
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Ip.font=-1

;Plot oxygen fractional abundances for metastable resolved case
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’demo_d_3_ion_res.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica

plot_oo,te,frac_res.ion[0,*,0],xrange=[1.,1000.],yrange=[1.e-8,1.],$
title="Oxygen - Metastable resolved’,$
xtitle="ELECTRON TEMPERATURE (eV)’,$
ytitle="N!dINDEX!n/N!dTOTAL!n’ ,/nodata

for i=0,n_elements(frac_res.stage)-1 do oplot, te,frac_res.ion[0,*,i]

device, /close
set_plot,’X’
Ip.font=-1

;Plot oxygen radiated power for metastable resolved case

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_d_3_power_res.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

plot_oo,te,power_res.plt[®,*],xrange=[1.,1000.],yrange=[1.e-30,1.e-25],$%
title="0Oxygen - Metastable resolved’,$
xtitle="ELECTRON TEMPERATURE (eV)’,$
ytitle="POWER FUNCTION (W cm!u3!n)’

oplot,te,power_res.prb[0,*]

oplot,te,power_res.total[0,*] ,thick=3

for i=0,n_elements(power_res.stage)-1 do oplot,te,power_res.ion[0,*,i],line=1

xyouts,0.8,0.63, total’,/normal

xyouts,0.75,0.6,’plt’, /normal
xyouts,0.75,0.48, ’prb’, /normal

device, /close
set_plot,’X’
Ip.font=-1

end
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1 Demo (a) Identifying metastables

PURPOSE: Identify the metastable terms or levels using population calculations
and from adf00 file, which contains ionisation potentials and normalised
energies for ground and metastable terms (ls-resolution) or levels
(ic-resolution).

EXAMPLE: For demo al see also Module 1 Demo dl.

The input file is the following adf®4 for neutral helium:
/home/adas/adas/adf04/adas#2/mom97_1s#he®.dat

The temperature chosen is 8.6 eV.

The element chosen for Demo a2 is silicon. There are 3 adf®0® files for this
element:

1. unresolved adf00: /home/adas/adas/adf00/si.dat

2. 1s resolved adf00: /home/adas/adas/adf00/si_ls.dat

3. ic resolved adf0®0: /home/adas/adas/adf0®0/si_ic.dat

DEMO al: Examine an ADAS205 graph

1. Use ADAS205 interactively (see Module 1 Demo dl - demo_dl.ps)
2. Look at the behaviour of the population of different terms.
Sample of output file: demo_a_l.ps

DEMO a2: Interrogate adf®® ’_l1s’ and ’_ic’ forms

1. Look at the 3 adf0@0 data files for Silicon.

2. Read the 3 adf®0® using read-adf®0.pro.

3. Plot ionisation potential as a function of ionisation stage
for the unresolved case.

4. List metastable states in the different resolutions.

Program: demo_a_2.pro
Sample of output file: demo_a_2.ps,demo_a_2.txt



1.1 Demo (a) Figures
1.1.1 Demo (a-1) demo_a/demo_a_1pdf

POPULATION DEPENDENCE ON METASTABLES: HE O ELECTRON TEMP. =  8.60e+00 (eV)

ADAS RELEASE: v4.0 PROGRAM: ADAS205 V1.12 DATE: 12/07/13 TIME: 16:52
GRAPH TITLE: Module 2 demo al
INPUT FILE : /home/asg/adas_dev/adas/adf04/adas#2/mom97_Is#he0.dat

‘\U’m T T TTTTTT T T TTTTTT T T TTTTIT T T T TTTTT T T T TTTTT
———— Level Assignments ————
| NDEX DESIGRATION
1 152 (1)s( 0.0)
2 151 251 3)3( 1.0
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4 151 2P1 3P{ 4.0
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ELECTRON DENSITY (cm™)

Figure 1: demo_-a/demo_a_1.pdf



1.2 Demo (a) IDL procedures
1.2.1 Demo (a-2) demo_a_2.pro

Demonstration IDL procedure using read_adf00.

pro demo_a_2

;Define file paths

file_unres=’/home/adas/adas/adf00/si.dat’
file_ls=’/home/adas/adas/adf00/si_ls.dat’
file_ic=’/home/adas/adas/adf00/si_ic.dat’

;Use read_adf00.pro in the unresolved case and using ls and ic resolutions

read_adf00,file=file_unres,z1=z1,$
ionpot=ionpot_unres,nmeta=nmeta_unres,config=config_unres,/all

read_adf00,file=file_ls,z1=z1,$
ionpot=ionpot_ls,nmeta=nmeta_ls,config=config_ls,isa=isa_ls,$
ila=ila_ls,xja=xja_ls,/all,/ls

read_adf00,file=file_ic,zl1=z1,$
ionpot=ionpot_ic,nmeta=nmeta_ic,config=config_ic,isa=isa_ic,$
ila=ila_ic,xja=xja_ic,/all,/ic

;plot ionisation potential as a function of ionisation stage

set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename='demo_a_2.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica
plot_io,zl,ionpot_unres,title=’Silicon’,$
xtitle="Ionisation stage’,$
ytitle="Tonisation potential’

device,/close
set_plot,’x’

;Print the number of metastables in each resolution in a file

openw, lun, ’demo_a_2.txt’,/get_lun

printf, lun,’ ion.stage unres 1ls ic

for j = 0, 13 do printf,lun, ’ Si+’ + string(j,format=’(i2.2)’), $
nmeta_unres[j], nmeta_ls[j], nmeta_ic[j]

;For Si+9 identify the metastables
printf,lun, "’
printf,lun, ’Unresolved :
printf,lun, ’
printf,lun, ’LS resolution’

+ config_unres[9]



for j = 1, nmeta_1s[9] do printf,lun, strtrim(strmid(config_1s[9,j],4),2),’ ’,$
strtrim(string(isa_1s[9,j1),2),$
*(C+strtrim(string(ila_1s[9,31),2)+’)’, $
strtrim(string(xja_1s[9,3j1),2)

printf,lun, "’

printf,lun, ’IC resolution’

for j = 1, nmeta_ic[9] do printf,lun, strtrim(strmid(config_ic[9,j],4),2),’ ’,$
strtrim(string(isa_ic[9,31),2),$
*(C+strtrim(string(ila_ic[9,3j1),2)+’)’, $
strtrim(string(xja_ic[9,3j1),2)

close,lun

free_lun,lun

end



2 Demo (b) Computing ’bn’ and ’ca’/’ls’/’ic’ popula-
tions

PURPOSE: To evaluate the populations at different resolutions. Furthermore,
this demo shows how to create and locate the projection file and the effect
on the low levels.

This is required in the Generalised Collisional-Radiative (GCR) modelling
for the solution of the whole population structure.

In ADAS the GCR model is implemented as "ls resolution", that is to say the
population structure is evaluated for LS terms.

This is appropriate for light element ions for which the fine structure
separation of levels is small. Although fine structure separation may be
observable through distinct components in high resolution spectroscopy, the
levels are in relative statistical proportion.

As one moves to heavier species and more highly ionised ions, the fine
structure separations become larger and the relative population deviates
from relative statistical. This is called "ic resolution". On the other
hand, in finite density plasma, as one moves to higher quantum shells
collisional redistribution becomes more efficient and populations move
progressively towards the LTE regime. Firstly, terms of the same nl-shell
move into relative statistical proportions. This is called "ca resolution".
Finally 1l-subshells of the same n-shell move into relative statistical
populations. This is referred to as "bn resolution". This mnemonics indicate
that at bn resolution it is only necessary to work with whole n-shell
population whereas at ic resolution it is necessary to work with individual
level population.

A high precision study must deal with all the levels of an atom, but it is
only required to treat the low levels, particularly which are observed
spectroscopically in high resolution, higher level population may be treated
in coarser resolution. This leads to a sequence of condensation and
projection extended down to the low levels (See Module 2 notes).

EXAMPLE: The input file for ADAS316, which shows the behaviour of bn
resolution as a function of representative n-shell, is adf25_bn#14_si3.dat.

For producing the projection file, Si3+ is used as example. The input for
ADAS204 is  bns96#na_si3.dat. The output is adas204_adfl7.pass in the adfl7
format.

The data file exp96#na_si3ls.dat in the adf18 format is a mapping file which
relate the adfl7 produced by ADAS204 to the adf04.

The populations of excited states are calculated by ADAS208 (run_adas208.pro
from the command line). Demo b4 uses run_adas208.pro to compute the



populations of excited states for Si3+ including the projection file and
without it.

The input are the following:

- adf04: asg09_1gy09_ls#si3.dat

- adf18: exp96#na_si3ls.dat

COMMENTS: The file used as driver for ADAS316 and ADAS204 have been copied
from central ADAS and changed according to the purpose (e.g. adding the
correct paths etc.).

DEMO bl: ’bn’ population with ADAS316
1. Run ADAS316 interactively.
Sample of output file: adas316_plot.ps

DEMO b2: Using ADAS204 to produce a projection file

1. Run ADAS204 interactively to produce the projection file of the adfl7
format.

Sample of output file: adas204_adfl7.pass

DEMO b3: Locating projection/expasion matrices of type adfl?

1. Look at the projection file produced bu ADAS204 and build up
the mapping file in the adf18 format.

Sample of output file: exp96#na_si3ls.dat

DEMO b4: Use run_adas208.pro with and without projection file

1. define the input file in the adf®4 and adfl18 formats.

2. Use run_adas208.pro including the adf18 data file (projection mapping
file).

3. Use run_adas208.pro without the adf18 data file.

4. Plot the populations as a function of excited states in case 2. and 3.
Program: demo_b_4.pro

Output files: demo_b_4.ps



2.1 Demo (b) Figures
2.1.1 Demo (b-1) demo_b/adas316_plot.pdf

ADAS RELEASE: v4.0 PROGRAM: ADAS316 v1.1

Printed by : Alessandra Giunta at 14:11 on 15/07/13
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2.1.2

Population (N;/N,)

Demo (b-4) demo_b/demo_b_4.pdf

SI'3+
10_3 F T T T I T T T I T T T I T T T I T T E
C with projection ]
L _ — — _without projection 4
107 e =
107° = =
107® = 3
C ~7 N
w7
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Excited level index

Figure 3: demo_b/demo_b_4.pdf
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2.2 Demo (b) Procedures
2.2.1 Demo (b-4) demo_b/demo_b_4.pro

pro demo_b_4
;to compare the population obtained from the adf04 for Si3+ using the projection
;file and without it

te = 13.0
dens = lel3
unit_te = 'ev’
unid_dens = 'cm-3’

meta_list = [1]

adf04 = ’asg09_lgy09_ls#si3.dat’
adfl8 = ’exp96#na_si3ls.dat’

;use run_adas208.pro to calculate the populations with the projection file

run_adas208, adf0@4=adf0®4, adfl18=adfl8, $
te=te,dens=dens, unit_te=unit_te,unit_dens=unit_dens, $
meta=meta_list, $
pass_dir=".’, pop=pop_pju, log=’paper.txt’

;use run_adas208.pro without the projection file

run_adas208, adf0®4=adf04, $
te=te,dens=dens, unit_te=unit_te,unit_dens=unit_dens, $
meta=meta_list, $
pass_dir=".", pop=pop_llu

index = indgen(pop_pju.numlev) + 1
dep_pju = pop_pju.dependence
dep_1lu = pop_llu.dependence

xmin = 1

xmax = 10

ymin = le-7

ymax = le-3

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_b_4.ps’, §
font_size = 14, xsize=18.0, ysize=16.0, $

11



yoffset=7.0, /color
device, /helvetica

plot_io,

[xmin, xmax],

title="Si'!u3+!n’, §

xti
yti

tle
tle

oplot, index, dep_pju, thick=3
oplot, index, dep_llu, line=2, thick=3

plots,[5.,6.],[4.e-4,4.e-4], thick=3
xyouts,6.05,4.e-4, ’with projection’

plots,[5.,6.],[2.e-4,2.e-4], thick=3,line=2
xyouts,6.05,2.e-4, ’without projection’

device, /close

set_plot,’X’
Ip.font=-1

end

2.3 Demo (b) Tables and datasets
2.3.1 Demo (b-2) demo_b/adas204_adf17.pass

’Excited level index’, $
’Population (N!di!n/N!'dg!n)’

[ymin, ymax], /nodata, ystyle=1,$%

SEQUENCE = na  NUCCHG =14  NPARNT = 2  MAXD =24 MAXT =24
IEDMAT = ® IECION = 0 IETREC = 0O IEDREC = ® IERREC = 0 IEXREC = ® IERSYS =0
NE(CM-3) = 1.64D+05 1.64D+06 1.64D+07 1.64D+08 1.64D+09 1.64D+10 4.92D+10 1.64D+11
4.92D+13 1.64D+14 4.92D+14 1.64D+15 4.92D+15 1.64D+16 4.92D+16 1.64D+17
TE(K) = 8.00D+03 1.12D+04 1.60D+04 2.40D+04 3.20D+04 4.80D+04 8.00D+04 1.12D+05
8.00D+05 1.12D+06 1.60D+06 2.40D+06 3.20D+06 4.80D+06 8.00D+06 1.12D+07
IPRT = 1 TRMPRT = (1S) SPNPRT = 1.
SPNSYS = 2. NSHEL =
ID= 1 IT= 1 N= 3  9.3737513787D-13-2.5881195019D+09-6.2892858578D+08
N=4 -9.3732071464D-13 2.5881195019D+09-7.2243053977D+08
N=5 -5.4423231613D-17-5.8160151830D-06 1.3513591255D+09
(DIR) N= 3  9.3737489303D-13-2.5881195019D+09-6.2892858578D+08
=4 -9.3732060783D-13 2.5881195019D+09-7.2243053977D+08
N=5 -5.4285198554D-17-5.8031868604D-06 1.3513591255D+09
(PRB) 4.2567599516D-22
ID= 1 IT= 2 N= 3  6.6555125989D-10-2.5881195019D+09-6.2892858578D+08
N=4 -6.6509918273D-10 2.5881195019D+09-7.2243053977D+08
N=5 -4.5207702277D-13-6.0327599846D-05 1.3513591255D+09
(DIR) N= 3  6.6554400139D-10-2.5881195019D+09-6.2892858578D+08
N=4 -6.6509599877D-10 2.5881195019D+09-7.2243053977D+08
=5 -4.4800261554D-13-5.9867220145D-05 1.3513591255D+09
(PRB) 3.3778496536D-22
0.0000000000D+00
ID=24 IT=24 N= 3 1.9035247633D+11-8.5202879688D+10-1.0056202220D+10
N=4 -1.4628947181D+11 1.1544201549D+12-5.3447206624D+11
N=5 -2.5724447421D+10-8.3267586993D+11 3.9016749836D+12
(DIR) N= 3 1.6895371708D+11-8.5163410268D+10-8.8547709432D+09
=4 -1.4622619208D+11 8.8410431550D+11-5.1277901425D+11
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N=5 -2.2727524999D+10-7.9894090523D+11 5.2163378519D+11

(PRB)

1.4013878323D-22

2.3.2 Demo (b-3) demo_b/exp96#na_si3ls.dat

I

NNNNNNNNNNNN

&SEQINF SEQ="Na’,

DSNREF="asg09_1gy09_ls#si3.dat’,

DSNCPM="/home/asg/adas_modules/module_2/demo_b/adas204_adfl7.pass ’,

NPARNT=2,

NSHEL=5,

NLEV= 12,
&END

PARENT
SPINPRT
NSPNSYS

LOWESTN

SPINSYS
LOWESTN
IMAX

LOWESTP
FRPARNT

RESOLVED NL

NDX CODE
13s (2)0(
13s (2)0(
2 3P )1(
33D (2)2(
4 4S5 (2)0(
5 4P )1¢
6 4D )2(
7 4F (2)3(
8 58 (2)0(
9 5p )1(
)2(
2)3(
2)4(

.0000
.2500

.0000
L7500

1 (1S)

<-- BUNDLE-N

5)
5)
5)
5)
5)
5)
5)
5)
5)
5)
5)
5)
5)

1 (3P)
:3

SZD SP SH PT

ococccccceco22@2 @

ADF04 FILE FOR PARENT ION:
adf04/ada#14/asg09_1s#sid.dat

ADF04 FILE FOR RECOMBINED ION:

2

NN NNNNNNNDNDN

VU AR R RWW W W

e e N,

adf04/ada#14/asg09_1gy09_ls#si3.dat

Code : ADAS80
Producer :

7

Date 1 22/10/10

Alessandra Giunta

N:1

N:2

N:3

N:4

N-SHELL NORMALISED WEIGHTS

13

: 0.0625:
: 0.1875:
: 0.3125:
1 0.4375:

: 0.0400
: 0.1200
: 0.2000
: 0.2800
: 0.3600



3 Demo (c¢) Producing and examining a mapping file

PURPOSE: Create a mapping file to connect the specific ion file in the adf04
format to the dielectronuc data in the af09 format.

EXAMPLE: Li®+ is used as example. The input file for the ADAS807 running are the

following:

- adf0®4: /home/adas/adas/adas#3/cpb02_ls#1i0.dat

- adf09: /home/adas/adas/adf0®9/nrb93#he/nrb93#he_lillsl2.dat
/home/adas/adas/adf09/nrb93#he/nrb93#he_lills22.dat

DEMO cl: Using ADAS807 to produce a mapping file

1. Run ADAS807 interactively to produce a mapping file for Li®+.
2. Examine the mapping file.

Sample of output files: adas807_a09_a04.pass

3.1 Demo (c) Tables and datasets
3.1.1 Demo (c-1) demo_c/adas807_a09_a04.pass

Specific ion input file

"ADASCENT" /adf04/adas#3/cpb02_ls#1i0.dat : specific ion file

Badnell dielectronic files

/home/adas/adas/adf09/nrb93#he/nrb93#he_lills12.dat : 1st. Badnell file
/home/adas/adas/adf09/nrb93#he/nrb93#he_lills22.dat : 2nd. Badnell file

Output files

"ADASUSER" /pass/postllev.pass : supplemented spec. ion file
"ADASUSER" /pass/postllev.passl : dielectronic data for MAINCL codes

Level cross-reference lists for specific ion and badnell files

sp bd1 bd2 bd3. bd4 bd5 bd6

1 1 1

2 34 34

3 2 2

4 3 3

5 4 4

6 5 5

7 6 6

8 8 8

9 7 7
[ it et
C # specific ion Badnell 1 Badnell 2
C 1 281 28 1/2--> 281 2S 1/2 | 281 2S 1/2 |
C 2 2P1 2P 5/2--> 2P1 2P 5/2 | 2P1 2P 5/2 |
C 3 3s1 2S 1/2--> 3s1 28 1/2 | 3s1 28 1/2 |
c 4 3P1 2P 5/2--> 3P1 2P 5/2 | 3P1 2P 5/2 |
C 5 3D1 2D 9/2--> 3D1 2D 9/2 | 3D1 2D 9/2 |
C 6 4S1 2S 1/2--> 4S1 2S 1/2 | 4S1 2S 1/2 |
C 7 4P1 2P 5/2--> 4Pl 2P 5/2 | 4P1 2P 5/2 |
c 8 4D1 2D 9/2--> 4Dl 2D 9/2 | 4D1 2D 9/2 |
c 9 4F1 2F13/2-->  4F1 2F13/2 | 4F1 2F13/2 |

14
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ADF04 FILE
/home/asg/adas_dev/adas/adf04/adas#3/cpb02_ls#1i@.dat

ADFO9 FILE(S) FOR RECOMBINED ION:
/home/adas/adas/adf09/nrb93#he/nrb93#he_lillsl2.dat
/home/adas/adas/adf09/nrb93#he/nrb93#he_lills22.dat

Code : ADAS807
Producer : Alessandra Giunta
Date : 19/06/13

15



4 Demo (d)Evaluating metastable pathways for ionisa-
tion cross-sections

PURPOSE: Convert an unresolved adf07 data file in a ls resolved adf07.

The adf07 data files provide electron impact ionisation rate coefficients for
each ion of an element. The baseline within ADAS is calculated using the offline
ADAS8#2 using the Configuration Average Distorted Wave (CADW) method, which
guves stage to stage ionisation rates. The GCR picture requires metastable
resolved ionisation rates and so a resolved adf07.

This can be produced using the following idl routines, stored

in /home/adas/adas/idl/adaslib/proc_adf/:

- pathways_adf07.pro

- fractionate_adf07.pro

- split_adf07.pro.

EXAMPLE: For this demo Boron is considered. The resolved ionisation rates for
B1+->B2+ are derived.

The input files are the following:

- input adf04 for Bl+:/home/adas/adas/adf®4/belike/belike_nrb®3#bl.dat

- input adf04 for B2+:/home/adas/adas/adf®4/1ilike/lilike_dvb02#b2.dat

- unresolved adf07 for B: /home/adas/adas/adf07/szd93#b/szd93#b_b.dat

DEMO dl:Convert adf®07 from unresolved to resolved

1. Create the pathway file from the adf04 data files.

2. Generate an ionisation pathway spreadsheet.

3. Produce the resolved adf®7.

4. Compare the resolved and unresolved adf07.

Program: demo_d.pro

Sample of output files: pathways_bl_b2.dat, fractionation_b.csv (use oocalc to
view), boron_adf®7.dat

4.1 Demo (d) Tables and datasets
4.1.1 Demo (d-1) demo_d/pathways_b1_b2.dat

B+1
B+1 Metastable Number:
B+2 Metastable Number:
Orbital Number:
Pathway Numbers:

Orbital Energy (Ryd)

1s 16.418

2s 1.919

2p 1.462

B+1 -> B+2

Pathways I.P.(cm-1) I.P.(Ryd)

1s2 2s2 s >
2s 1s2 2s1 2S 202888.0 1.84885

16



1s 1sl 2s2 2S -1.0 -1.00000

1s2 2s1 2pl 3P ->

2p 1s2 2s1 2S 165544.0 1.50855
2s 1s2 2pl 2P 213916.0 1.94935

4.1.2 Demo (d-1) demo_d/fractionation_b.csv

"Transition","Metastable","Index","Purpose","Formula","Shell 1",,"Shell 2",,"Shell 3",

,"Shell 4",,"Shell 5",,"Shell 6",,"Shell 7",,"Scale factor"

yarss I(1s) (Ryd)","z(1s)","I(2s) (Ryd)","z(2s)","I(2p) Ryd)","z(2p)","I(3s) Ryd)",
"z(3s)","I(3p) (Ryd)","z(3p) ", "I (4s) Ryd)","z(4s)","I(3d) Ryd)","z(3dD",

"B+1 -> B+2",,"f1",,, 14.4990, 2.00000, 1.84885, 2.00000,,,,,,,,,,,1.000
, s, 'RATE comparison","ratio=RATE/f1",,,,,,,,s5555ss

,"1s2 2s2(18)","f2","2s via 2S direct",,,, 1.84885, 2.00000,,,,,,,,,,,1.00000
,,"£3","1s +auto”,, 14.4990, 2.00000,,,,,,,,55,,,1.00000
,,"f4","1s direct",, 16.4180, 2.00000,,,,,,,,,,,,,1.00000

vy, '1s2 2s2(1S) total","(£2+£3)*ratio”,,,, ssssss1s11s

,#Y,,"1s2 2s2(1S)->1s82 2s1(2S)", " (£2+£3)*ratio", .,y ssarasass

,"1s2 2s1 2p1(3P)","£5","2p via 2S direct",,,,,, 1.50855, 1.00000,,,,,,,,,1.00000
,,"f6","2s via 2P +auto",,,,1.50855, 1.00000,,,,,,,,,,,1.00000

1s +auto",, 14.4990, 2.00000,,,,,,,,,,,,,1.00000
1s direct",, 16.4180, 2.00000,,,,,,,,,,,,,1.00000

,,,"1s2 2s1 2p1(3P) total"," (£5+£6+F7)*Tatio,, sy srrysssss

,"#",,"1s2 2s1 2p1(3P)->1s2 2s1(2S)"," (£5+£6+£7)*ratio”,,,, s sysssssss
4.1.3 Demo (d-1) demo_d/boron_adf(7.dat

4 /B IONISATION RATE COEFFICIENTS /

B+ 1/B + 2/ 24/I.P. = 202887.2/ICODE = 1/FCODE = O/ISEL = 1
1.000E+00 2.000E+00 3.000E+00 4.000E+00 5.000E+00 7.000E+00

1.000E+01 1.500E+01 2.000E+01 3.000E+01 4.900E+01 5.000E+01

7.000E+01 1.000E+02 1.500E+02 2.000E+02 3.000E+02 4.000E+02

5.000E+02 7.000E+02 1.000E+03 2.000E+03 5.000E+03 1.000E+04

2.629E-12 3.189E-10 1.803E-09 4.520E-09 8.059E-09 1.618E-08

2.832E-08 4.526E-08 5.807E-08 7.539E-08 8.620E-08 9.339E-08

1.019E-07 1.079E-07 1.110E-07 1.111E-07 1.088E-07 1.058E-07

1.028E-07 9.758E-08 9.128E-08 7.803E-08 6.079E-08 4.915E-08
B+ 1/B + 2/ 24/I.P. = 202887.2/ICODE = 1/FCODE = 1/ISEL = 2
1.000E+00 2.000E+00 3.000E+00 4.000E+00 5.000E+00 7.000E+00

1.000E+01 1.500E+01 2.000E+01 3.000E+01 4.900E+01 5.000E+01

7.000E+01 1.000E+02 1.500E+02 2.000E+02 3.000E+02 4.000E+02

5.000E+02 7.000E+02 1.000E+03 2.000E+03 5.000E+03 1.000E+04

2.629E-12 3.189E-10 1.803E-09 4.520E-09 8.059E-09 1.618E-08

2.832E-08 4.526E-08 5.807E-08 7.539E-08 8.620E-08 9.339E-08

1.019E-07 1.079E-07 1.110E-07 1.111E-07 1.088E-07 1.058E-07

1.028E-07 9.758E-08 9.128E-08 7.803E-08 6.079E-08 4.915E-08
B+ 1/B + 2/ 24/I.P. = 165543.8/ICODE = 2/FCODE = O/ISEL = 3
1.000E+00 2.000E+00 3.000E+00 4.000E+00 5.000E+00 7.000E+00

1.000E+01 1.500E+01 2.000E+01 3.000E+01 4.000E+01 5.000E+01

7.000E+01 1.000E+02 1.500E+02 2.000E+02 3.000E+02 4.000E+02

5.000E+02 7.000E+02 1.000E+03 2.000E+03 5.000E+03 1.000E+04

4.047E-10 4.817E-09 1.252E-08 2.123E-08 2.990E-08 4.574E-08

6.504E-08 8.806E-08 1.037E-07 1.231E-07 1.342E-07 1.411E-07

1.485E-07 1.526E-07 1.529E-07 1.507E-07 1.450E-07 1.396E-07

1.347E-07 1.267E-07 1.176E-07 9.936E-08 7.655E-08 6.151E-08
B+ 1/B + 2/ 24/I.P. = 165543.8/ICODE = 2/FCODE = 1/ISEL = 4
1.000E+00 2.000E+00 3.000E+00 4.000E+00 5.000E+00 7.000E+00

1.000E+01 1.500E+01 2.000E+01 3.000E+01 4.000E+01 5.000E+01

7.000E+01 1.000E+02 1.500E+02 2.000E+02 3.000E+02 4.000E+02

5.000E+02 7.000E+02 1.000E+03 2.000E+03 5.000E+03 1.000E+04

4.047E-10 4.817E-09 1.252E-08 2.123E-08 2.990E-08 4.574E-08

6.504E-08 8.806E-08 1.037E-07 1.231E-07 1.342E-07 1.411E-07

1.485E-07 1.526E-07 1.529E-07 1.507E-07 1.450E-07 1.396E-07

1.347E-07 1.267E-07 1.176E-07 9.936E-08 7.655E-08 6.151E-08

Resolved adf®7 : /home/adas/adas/adf07/szd93#b/szd93#b_b.dat

NnNnNnNnNnNnN
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ISEL

ENEWEN]

Code

Date

INITIAL MET. DESIG.

ION  CODE

+1 1 1s2 2s2 (1S)

+1 1 1s2 2s2 (1S)

+ 1 2 1s2 2sl1 2pl (3P)
+ 1 2 1s2 2s1 2pl (3P)

: split_adf®7.pro
Author :
1 16/07/13

Alessandra Giunta

DESIG.

Total
1s2 2s1 (2S)
Total
1s2 2s1 (2S)
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5 Demo (e)Making up partitions and executing super-
stage compression

PURPOSE: To build up a partition and execute a superstage compression.

In the GCR picture, each element is decribed by the fractional abundances of
every ionisation stage, derived by the effective ionisation and recombination
coefficients. From a dynamic point of view the whole set of populations may be
tracked in transport modelling. However, for heavy species, the complete set of
populations is large. Since not all populations are of equal importance,
grouping of populations may be appropriate and reduces the problem od dealing
with a too large number of ionisation stages. The specification of grouping is
called "partition", while the members of partition are called "superstages".

EXAMPLE: Tungsten is used fo this demo. The input file for the ADAS416 run is
w_partition_7groups.dat. The output provide the whole set of effective
coefficients for the superstages. These files can be read by read_adfll.pro to
shoe the effective coefficients.

COMMENTS: In demo_e_3.pro, the paths which define the adfll produced by ADAS416
depend on the user.

DEMO el: Examine a natural partition
1.Use preview_natural_partition.pro to show the
- fractional ionisation otential change
- partition fractional abundance
- fractional abundances for all 74 W ionisation stages
- fractional abundances for 35 partitions of W
Programs: demo_e_1.pro
Sample of output files: demo_e_1.ps

DEMO e2: Apply superstage compression with ADAS416

1. Use ADAS416 interactively.

Samples of ouput files: adas416_plot.ps

All set of adfll data files: acd50 ccd50 ecd50 plt50 prb50
prc50 scd50 ycd50 zcd50

DEMO e3: Show the superstage coefficient behaviour.
1. Define input files.
2. Use read_adfl.pro to read:
- recombination rates
- effective charge
Program: demo_e_3.pro
Sample of output files: demo_e_3_acd.ps, demo_e_3_zeff.ps
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5.1 Demo (e) Figures
5.1.1 Demo (e-1) demo_e/demo_e_1.pdf
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Figure 4: Natural partition for tungsten
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5.1.2 Demo (e-2) demo_e/adas416_plot.pdf

ADAS RELEASE: v4.0 PROGRAM: ADAS416 v1.1
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Figure 5: Superstage ionisation balance for tungsten
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5.1.3 Demo (e-3) demo_e/demo_e_3_acd.pdf
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Figure 6: Superstage recombination coeffients for tungsten
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5.14 Demo (e-3) demo_e/demo_e_3_zeff.pdf
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Figure 7: Superstage charges for tungsten
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5.2 Demo (e) Procedures
5.2.1 Demo (e-1 demo_e_1.pro

Demonstration IDL procedure for preliminary examination of supestage partitions.

pro demo_e_1
;to identify the natural partition for W and plot the superstages

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename='demo_e_1l.ps’, §$
font_size = 14, xsize=18.0, ysize=16.0, §
yoffset=7.0, /color

device, /helvetica

preview_natural_partition, z0=74, te_min=10, te_max=50000, plot_type=1
preview_natural_partition, z0=74, te_min=10, te_max=50000, plot_type=2
preview_natural_partition, z0=74, te_min=10, te_max=50000, plot_type=3
preview_natural_partition, z0=74, te_min=10, te_max=50000, plot_type=4
device, /close

set_plot,’X’

Ip.font=-1

end

5.2.2 Demo (e-3 demo_e_3.pro

To show the effective coefficients for W after a superstage compression.
pro demo_e_3

;To show the effective coefficients for W after a superstage compression has been
applied.

; Conditions
itval = 200
te = adas_vector(low=1, high=1e5, num=itval)

dens = fltarr(itval) + lel3
; files

files = $
{ acd : ’'/home/asg/adas_modules/module_2/demo_e/adfll/acd50/acd50_w.dat’, $
scd : ’/home/asg/adas_modules/module_2/demo_e/adfll/scd50/scd50_w.dat’, $
plt : ’/home/asg/adas_modules/module_2/demo_e/adf11/plt50/plt50_w.dat’, $
prb : ’/home/asg/adas_modules/module_2/demo_e/adf11/prb50/prb50_w.dat’ }

24



files_ss =
{ acd : ’/home/asg/adas_modules/module_2/demo_e/adfll/acd50/acd50_w_02.dat’, $
scd : ’/home/asg/adas_modules/module_2/demo_e/adfll/scd50/scd50_w_02.dat’, $
plt : ’/home/asg/adas_modules/module_2/demo_e/adf11/plt50/plt50_w_02.dat’, $
prb : ’/home/asg/adas_modules/module_2/demo_e/adfll/prb50/prb50_w_02.dat’ }

; Recombination rates

read_adfll, file=files_ss.acd, class=’acd’, iz0=74, izl=3, $
te=te, dens=dens, data=acd_ss

read_adfll, file=files.acd, class=’acd’, iz0=74, izl1=13, $
te=te, dens=dens, data=acd

xmin = min(te, max=xmax)
xmax = le3

ymin = le-18

ymax = le-8

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_e_3_acd.ps’, §
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

plot_oo, [xmin, xmax], [ymin, ymax], /nodata, ystyle=1, §
xtitle = 'Te (eV)’, $
ytitle = ’Recombination rate (cm!u3!n s!u-1!n)’
oplot, te, acd_ss, thick=3

oplot, te, acd, thick=3, line=2

xyouts, 90, le-14, '#02/p02’
xyouts, 200, 6e-11, '#01/pl2’

device, /close
set_plot,’X’
Ip.font=-1

; Effective charge

file = ’/home/asg/adas_modules/module_2/demo_e/adf11/zcd50/zcd50_w_02.dat’

read_adfll, file=file, class=’zcd’, iz0=74, izl=1, $
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te=te, dens=dens, data=zcd_p0®
read_adf11, file=file, class=’zcd’, iz0=74, izl=2, §
te=te, dens=dens, data=zcd_pl
read_adfll, file=file, class=’zcd’, iz0=74, izl=3, $
te=te, dens=dens, data=zcd_p2
read_adfll, file=file, class=’zcd’, iz0=74, izl=4, $
te=te, dens=dens, data=zcd_p3
read_adf11l, file=file, class=’zcd’, iz0=74, izl=5, §
te=te, dens=dens, data=zcd_p4

xmin = min(te, max=xmax)
ymin = min(zcd_p0®)
ymax = max(zcd_p4)

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’'demo_e_3_zeff.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

plot_oi, [xmin, xmax], [ymin, ymax], /nodata, ystyle=0, §
xtitle = 'Te (eV)’, $
ytitle = ’superstage charge’

oplot, te, zcd_p®, thick=3
oplot, te, zcd_pl, thick=3
oplot, te, zcd_p2, thick=3
oplot, te, zcd_p3, thick=3
oplot, te, zcd_p4, thick=3

xyouts, 1000, 1.5, ’p01’
xyouts, 1000, 5.5, ’p02’
xyouts, 1000, 12.5, ’'p03’
xyouts, 1000, 27, ’p04’

device, /close
set_plot,’'X’
Ip.font=-1

end
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5.3 Demo (e) Tables and datasets
5.3.1 Demo (e-2) demo_d/adf11/acd50/acd50_w_02.dat

//#02/p08/
po1/
p02/
p0e3/
po4/
po5/
p06/
p07/

//#081/p08/
po8/
pl6/
p24/
p32/
p4o/
p48/
p56/
p64/
p72/

00
01/
02
06
13
28
46
56
00/
08/
16/,
24/,
32/,
40/
48/
56/
64/
72/

/

03
07
14
29
47
57

04
08
15
30
48
58

05/

09 10 11 12/

16 17 18 19 20
31 32 33 34 35
49 50 51 52 53
59 60 61 62 63

p01/ 01/p02/
P09/ 09/p10/
pl7/ 17/p18/
D25/ 25/p26/
p33/ 33/p34/
pal/ 41/pa2/
P49/ 49/p50/
P57/ 57/p58/
P65/ 65/p66/

p73/ 73/p74/ 74/

02/p03/
10/pl1/
18/p19/
26/p27/
34/p35/
42/p43/
50/p51/
58/p59/
66/p67/

/TUNGSTEN

/ACD /GCR PROJECT

21 22 23 24 25 26 27/

36 37 38 39 40 41 42 43
54 55/
64 65 66 67 68 69 70 71

03/p04/ 04/p05/ O
11/p12/ 12/p13/ 1
19/p20/ 20/p21/ 2
27/p28/ 28/p29/ 2
35/p36/ 36/p37/ 3
43/p44/ 44/p4S/ 4
51/p52/ 52/p53/ 5
59/p60/ 60/p61/ 6
67/p68/ 68/p69/ 6

44 45/

72 73 74/

5/p06/ 06/p87/ 07/
3/pl4/ 14/p15/ 15/
1/p22/ 22/p23/ 23/
9/p30/ 30/p31/ 31/
7/p38/ 38/p39/ 39/
5/p46/ 46/p47/ 47/
3/p54/ 54/p55/ 55/
1/p62/ 62/p63/ 63/
9/p70/ 70/p71/ 71/

-

1.00000
0.00000
1.08284
2.16568
3.24851
4.33135

-11.66843
-11.52151
-11.29994
-11.08599
-10.92868
-10.81161
-10.73620
-10.70565
-10.71961
-10.77329
-10.85983
-10.97215
-11.10252
-11.24088
-11.37526
-11.49888
-11.61440
-11.73011
-11.85346
-11.98796
-12.13402
-12.29040
-12.45533
-12.62709
-12.80421
-12.98548
-13.16999
-13.35701
-13.54599
-13.73647
-13.92813
-14.12074
-14.31410
-14.50804
-14.70251

-11.43897
-11.22838
-10.91068
-10.64807
-10.65524
-11.02404

00000 1
13535

30103
38387

3.00000
0.27071
21819 1.
2
3

35355

.43638
.51922
46671 4.
---/ ISPP=1
.68984 -11.
.59021 -11.
.40750 -11.
.21833 -11.
.07716 -11.
.97420 -11.
290971 -11.
.88643 -11.
.90458 -11.
.96022 -11.
.04725 -11.
215911 -11.
.28845 -11.
.42552 -11.
.55864 -11.
.68110 -11.
.79538 -12.
.90957 -12.
.03106 -12.
.16341 -12.
.30708 -12.
.46091 -12.
.62316 -12.
.79215 -12.
.96643 -13.
.14483 -13.
.32642 -13.
.51048 -13.
.69649 -13.
.88399 -14.
.07267 -14.
.26228 -14.
.45263 -14.
.64358 -14.
.83506 -15.
/ ISPP= 1
.45854 -11.
.30461 -11.
.02587 -11.
.78941 -10.
.84518 -11.
.26858 -11.

60206

70588
64720
50442
34420
22298
13840
08948
07782
10375
16421
25397
36714
49694
63416
76761
89069
00557
11998
24114
37263
51502
66726
82769
99467
16680
34294
52218
70382
88733
07228
25835
44531
63298
82119
00991

47317
36954
13353
93270
04928
53654

1

4

0.
1.
2.
3.

/ ISPB= 1

-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-11.
-12.
-12.
-12.
-12.
-12.
-12.
-12.
-13.
-13.
-13.
-13.
-13.
-13.
-14.
-14.
-14.
-14.
-14.
-15.
-15.

/ ISPB= 1

-11.
-11.
-11.
-11.
-11.
-11.

.00000

40606
48890
57174
65458

71774
69306
58920
46009
36081
29643
26557
26838
30484
37247
46690
58301
71464
85333
98862
11414
23161
34815
47069
60283
74527
89709
05675
22270
39362
56838
74612
92617
10800
29119
47543
66051
84623
03245
21910

48398
42320
23227
07665
26819
83362

15.00000
0.54142
1.62426
2.70709
3.78993

/---
-11.72646
-11.72901
-11.66132
-11.56388
-11.48740
-11.44335
-11.43106
-11.44958
-11.49815
-11.57451
-11.67499
-11.79516
-11.92959
-12.07072
-12.20907
-12.33859
-12.46047
-12.58100
-12.70664
-12.84091
-12.98467
-13.13718
-13.29708
-13.46292
-13.63347
-13.80769
-13.98473
-14.16397
-14.34490
-14.52713
-14.71032
-14.89431
-15.07889
-15.26390
-15.44931

-11.49191
-11.46625
-11.32061
-11.21821
-11.49887
-12.16029

27

0.67677
1.75961
2.84245
3.92529

/ S1=1

/ S1= 2

0.81213
1.89497
2.97780
4.06064

ADF11

0.94748
2.03032
3.11316
4.19600

/ DATE= 16:07:13

/ DATE= 16:07:13
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-11.74823 -12.04148 -12.36408 -12.72787 -13.13952

Rate coefficients: adfll class acd

Units :am3 s-1

Status : partition applied

Parent dataset :  /home/asg/adas_modules/module_2/demo_e/adf11/acd50/acd50_w.dat
Code : adas416

Producer : Alessandra Giunta

Date : 16/07/13
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MODULE 3

H, molecular emission and collisonal-radiative

modelling.

Demonstration script

Hugh Summers, Francisco Guzman, Kurt Behringer,
Martin O’Mullane and Alessandra Giunta

October 14, 2013
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1 Demo (a) Looking at molecular data

PURPOSE: Look at H2 fundamental molecular constants and data.

As for atoms and ions, ADAS includes data format for molecules called mdf
(molecular data formats).

This demo shows how to look and extract data from mdf00 and mdf®2 data files.

The data files mdf®0® contain the following molecular constants, collected

in different subdirectories:

- enu: vibrational substate energies for each electronic state;

- pot: electronic potential curve for each electronic state;

- dip: electronic dipole curve for each electronic state;

- aval: vibrationally resolved A-values for each electronic state pair;

- fcf: vibrationally resolved Franck-Condon factors for each electronic
state pair.

The data files mdf®2 provide the impact process molecular data and are
designed to have both the numerical and parameters of the formulaic
representation (if available) of each transition.

As for the atomic data, there are routines and interactive programs which
deal with the molecular data files.

The idl routine to read and extract data from mdf@® is xxdatm_00.pro.
ADAS901 deals interactively with mdf02 files.

EXAMPLE: For this demo, data for H2 molecule are considered. These data are
read and extracted using the idl routine xxdatm_00.pro to look at A-values
(/home/adas/adas/mdf00/aval/h2/aval®112_0109.dat) and Franck-Condon factors
(/home/adas/adas/mdf00/fcf/h2/£fc0101_0102.dat).

The input file for the ADAS901 run is
/home/adas/adas/mdf02/h2/£fg13_h2#e.dat. The process 11 is selected for this
example.

DEMO al: Extract data from mdf00: understanding the molecular data format

1. Use xxdatm_00.pro to read the A-values.

2. Plot a surface of A-values as a function of the lower and upper
vibrational levels.

3. Use xxdatm_00.pro to read the Franck-Condon factors.

2. Plot a surface of Franck-Condon factors as a function of the lower and
upper vibrational levels.

Program: demo_a.pro

Samples of output: demo_a_1_avalue.ps, demo_a_1_fcondon.ps

DEMO a2: Running ADAS901 interactively



1. Use ADAS901 interactively.
2. Select the process number.
Sample of output: adas901.ps



1.1 Demo (a) Figures

1.1.1 Demo (a-1) demo_a/demo_a_1_avalue.pdf
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Figure 1: A-value surface from mdf00



1.1.2 Demo (a-1) demo_a/demo_a_1_fcondon.pdf

_________

Figure 2: Franck-Condon factor surface from mdf00



1.1.3 Demo (a-2) demo_a/adas901.pdf
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Figure 3: Cross-section output graph from ADAS901



1.2 Demo (a) Procedures
1.2.1 Demo (a-1) demo_a/demo_a.pro

pro demo_a
; Extract A-values for H2 A-value between state 9 and 12

;Define the mdf00 file using aval directory
file =’/home/adas/adas/mdf00/aval/h2/aval®0112_0109.dat’

;Use xxdatm_00.pro to read the mdf00/aval selected
xxdatm_00, file=file, fulldata=all_aval

x = indgen(all_aval.max_vib_1+1)
y indgen(all_aval.max_vib_u+1)

;Plot the A-values as a function of lower and upper vibrational levels
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’demo_a_1_avalue.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica

surface, all_aval.data, x, y, $
xtitle =’Lower vibrational levels’, §
ytitle =’Upper vibrational levels’, $
ztitle = ’Transition probability (/s)’

device, /close
set_plot,’'x’
; Frank-Condon factor for

;Define the mdf00 file using fcf directory
file = ’/home/adas/adas/mdf®0/fcf/h2/fc0101_0102.dat’

;Use xxdatm_00.pro to read the mdf00/fcf selected
xxdatm_00, file=file, fulldata=all_fcf

X
y

indgen(all_fcf.max_vib_1+1)
indgen(all_fcf.max_vib_u+1)

;Plot the Franck-Condon fractors as a function of lower and upper
;vibrational levels
set_plot, 'ps’



device, /isolatinl, font_index=8

device, bits=8, filename=’demo_a_1_fcondon.ps’, §
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

surface, all_fcf.data, x, y, §
xtitle =’Lower vibrational levels’, §
ytitle =’Upper vibrational levels’, §
ztitle = ’Frank-Condon Factor’

device, /close
set_plot, 'x’

end



2 Demo (b) Rovibronic emission from heteronuclear di-
atomics

PURPOSE:To calculate rovibrational band features for heteronuclear
diatomics using the Pickett method.

This demo use as input the mdf®1 molecular data format.

The data files mdf®1 are grouped in the following subdirectories:

- nist: extract of NIST molecular constant table for selected
electronic state;

- behr: driver parameter file for ADAS908 rovibrational spectra
analysis (relevant electronic and vibrational transitions
from Behringer method for H2)

- pickett: driver parameter file for ADAS908 rovibrational spectra

analysis (relevant electronic and vibrational transitions
from Pickett method for heteronuclear diatomics)

Different formats are used for the three types of mdf01 and so also
different reading routines are used:

- readf_mdf0lp.pro for /mdf®1/pickett

- readf_mdf01b.pro for /mdf®1/behr

The program to execute the Pickett calculations is
wrapper_pickett.pro. This program calls the routine
readf_mdf®lp.pro to read the mdf®l1 in the Pickett format.

EXAMPLE: For this example the molecules BeD and BeT are analysed.
The input files are the following:

- /home/adas/adas/mdf®1/pickett/bed.dat

- /home/adas/adas/mdf®1/pickett/bet.dat

Three rotational and vibrational temperatures are specified for BeD,
assuming that rotational temperature, Tr, is equals to vidrational
temperature, Tv:

- 1000 K

- 3500 K

- 9000 K

One temperature (Tr=Tv=3500 K) has been selected to compare BeD with
BeT.

DEMO bl: Calculate rovibrational band features using the Pickett
method
1. Specify the wavelength range.
2. Define three different sets of rotational and vibrational
temperatures.



3. Use wrapper_pickett.pro to execute the Pickett calculations
for BeD at the three sets of temperatures.

. Plot the normalised emissivity as a function of pixel.

. Compare the emissivity of BeD at the three temperatures.

. Use wrapper_pickett.pro to execute the Pickett calculations
for BeT at one temperature.

7. Comapre BeD emissivity with BeT emissivity.

Program: demo_b.pro

Samples of output: demo_b_1_BeD_temp.ps, demo_b_1_BeD_BeT.ps

o V1 b
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2.1 Demo (b) Figures
2.1.1 Demo (b-1) demo_b/demo_b_1_BeD_temp.ps
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Figure 4: Simulation of the superposed 0-0, 1-1 and 2-2 sequence bands of BeD A2I1
- X2 at three different temperatures, Tr=Tv=1000 K,3500 K and 9000 K.
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2.1.2 Demo (b-1) demo_b/demo_b_1_BeD BeT.ps
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Figure 5: Comparison between BeD and BeT bands at Tr=Tv=3500 K.
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2.2 Demo (b) Procedures
2.2.1 Demo (b-1) demo_b/demo_b.pro

pro demo_b

;To calculate rovibrational band features for heteronuclear diatomics
;using the Pickett method

;The program accesses driver datasets of format mdf01/pickett using
;read_mdf@lp.pro. The dataset contains a dedicated set of parameters in the
;Pickett format for a specific molecule such as BeD

;The first step is specify the name of the dataset for input

adas_colors, colors=colors

;Specify the input dataset in the mdf®1l/pickett format
infiled="/home/adas/adas/mdf01/pickett/bed.dat’
infilet="/home/adas/adas/mdf01/pickett/bet.dat’

;Define wavelength range in nm
xmin=485.d0
xmax=505.d0

;Define rotational temperature in K
ktr=3500.d0

ktr_low=1000.d0

ktr_high=9000.d0

;define vibrational temperature in K
ktv=3500.d0

ktv_low=1000.d0

ktv_high=9000.d0

;Use wrapper_pickett.pro to execute the Pickett calculations
;for BeD at three different rotationaland vibrational temperatures
wrapper_pickett, infiled, xmin=xmin, xmax=xmax, $
ktr=ktr_low, ktv=ktv_low,$
digi_spec=digi_specd_low

wrapper_pickett, infiled, xmin=xmin, xmax=xmax, $

ktr=ktr, ktv=ktv,$
digi_spec=digi_specd

wrapper_pickett, infiled, xmin=xmin, xmax=xmax, $
ktr=ktr_high, ktv=ktv_high,$
digi_spec=digi_specd_high

;Use wrapper_pickett.pro to execute the Pickett calculations

13



; for BeT

wrapper_pickett, infilet, xmin=xmin, xmax=xmax, $
ktr=ktr, ktv=ktv,$
digi_spec=digi_spect

Ip.thick=1.3
Ip.charsize=1.4
Ip.charthick=1.3

;Look at the behaviour of BeD as a function of rotational and
;vibrational temperature

;Plot the normalised emissivity spectrum of BeD

;as a function of pixel number for three temperatures

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename='demo_b_1_BeD_temp.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

plot, digi_specd_low, title=’BeD’, xtitle=’ PIXEL NUMBER’, §
ytitle="NORMALISED EMISSIVITY’
xyouts, 100.,0.8, 1000 K’

oplot,digi_specd, color=colors.green
xyouts,100.,0.7,’3500 K’,color=colors.green

oplot,digi_specd_high,color=colors.blue
xyouts, 100.,0.6, 9000 K’,color=colors.blue

device, /close
set_plot, 'x’

;Compare BeD and BeT ata specified temperature

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_b_1_BeD_BeT.ps’, §
font_size = 14, xsize=18.0, ysize=16.0, §
yoffset=7.0, /color

device, /helvetica

plot, digi_specd, xtitle=' PIXEL NUMBER’, §

ytitle="NORMALISED EMISSIVITY’
xyouts,100.,0.8,’BeD’
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oplot, digi_spect, color=colors.red
xyouts,100.,0.7,’BeT’, color=colors.red

device, /close
set_plot, 'x’

stop
end
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MODULE 4
Modelling and analysing special spectral features
- A unified approach.

Demonstration script
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1 Demo (a) Show spectral features

PURPOSE: To explore the behaviour of the Stark split manifold of the
(beam) hydrogen Balmer-alpha emission as a function of beam energy, plasma
parameters and external electric field.

COMMENTS: ADAS605 is a pedagogical tool to interactively see the effect of
varying the conditions which affect a spectrral feature. The afg framework
(ADAS feature generator) supplies the feature and the appropriate widgets,
and their ranges, are automatically generated thus making it simple to add
new features. Note that the available feature are limited to beam Stark
features and Zeeman-split line emission for now.

DEMO a: Using ADAS605 with the interactive ADAS windows
1. Run interactively ADAS605 for Stark feature.
(output file: demo_a_adas605.ps).



1.1 Demo (a) Figures

1.1.1 Demo (a-1) demo_a/demo_a_adas605.pdf
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Figure 1: Stark feaures from ADAS605.



2 Demo (b) Fitting spectral features

PURPOSE: Use the FFS (Framework for Feature Synthesis) routines to fit a
Zeeman feature.

EXAMPLE: A sample JET spectrum, distributed in adas/arch603, is the
BeIIIl multiplet, 1s 2s 3S - 1s 2p 3P at 372.17nm, on a relatively clean
background with a nearby interfering line. The purpose of the
demonstration is to setup a model, fit the spectrum with ffs and deduce
the local magnetic field.

COMMENTS: The FFS framework is an optimized, least squares fitting
system based on physics-based parametrized spectral features. Individual
lines, background models and broadening operators are also part of the
system to allow a sophisticated description of the target spectrum,
specified with a bespoke model definition language (MDL). Multiple
features and coupling of parameters are fundamental to the design of the
system.

DEMO b: Fit Zeeman features using FFS routines

1. Take an experimental spectra (example from JET).

2. Setup a ffs model defined by the MDL file ’zeeman_be2.mdl’.
3. Plot the data with the model fit.

Program: demo_b.pro

Samples of input files: simplify_output.mdl, zeeman_be2.mdl
Sample of output file:.demo_b.ps



2.1 Demo (b) Figures
2.1.1 Demo (b-1) demo_b/demo_b.pdf
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Figure 2: JET spectrum fitted using FFS fit.



2.2 Demo (b) Procedures
2.2.1 Demo (b-1) demo_b/demo_b.pro

; Using FFS (Framework for Feature Synthesis) routines

; fit a Zeeman feature (with a background and interfering
; ordinary line) to a sample spectrum, of the multiplet

; BeIII 1s 2s 3S - 1s 2p 3P (372.17nm).

pro demo_b

; Example JET spectrum from central ADAS

adascent = getenv(’ADASCENT’)
restore, adascent + ’/arch603/jet_test.dat’

; Get the wavelength in nm and restrict to +/- 0.5nm about the feature
; Set the error to be square root of the counts

x = adas_vector(low=header.wavemin, high=header.wavemax, num=header.nsize,/linear)
x=x/ 10.0
y = spectrum

ind = where(x GT 371.6 and x LT 372.6, count)
X = x[ind]

y = ylind]

err = sqrt(y)

; Setup a ffs model defined by the MDL file ’zeeman_be2.mdl’

make a model object (container)

parse the MDL file

add the parsed MDL to the model

Set the independent x values in the model

make a fit object and a data structure with wavelength, intensity and error
fit the model to the data

V1R W N

model = obj_new(’ffs_model’, modelname=’zeeman_be2’, /debug)
parser = obj_new(’ffs_parser’, file='zeeman_be2.mdl’, /debug)

parser->apply(model)
model->setxdata(x)

tmp
tmp

tmp = model->pdsetup()
tmp = model->pdsetup()



fit = obj_new(’ffs_fit’)
data {x:x, y:y, error:err}
tmp = fit->apply(model, data)

; Parameters of fit

parnames = model->getparnames(/free, /full)
parvals model->getparvals(/free)
errors = fit->geterrors()

; Plot the data with the model fit and print the fitted parameters

;set_plot, 'ps’

;device, /isolatinl, font_index=8

;device, bits=8, filename='demo_b.ps’, §

; font_size = 14, xsize=18.0, ysize=16.0, $
H yoffset=7.0, /color

;device, /helvetica

window,®,ret=2

fitspec = *(model->getresult())
residual = (fitspec.intensity - y) /vy

plot_io, [371.6, 372.6], [0.01,2], /nodata, xtickname=replicate(’ ’, 10), §

ytitle = ’Intensity (au)’, position=[0.15, 0.3, 0.95, 0.95]
oplot, x, y, psym=1
oplot, fitspec.wavelength, fitspec.intensity
; Label graph

plots, [371.7], [6.6], psym=1
oplot, [371.65, 371.75], [4.6, 4.6], line=1

xyouts, 371.78, 6, 'JET spectrum’
xyouts, 371.78, 4, 'FFS fitted spectrum’

; Plot fitted position of the ordinary line

oplot, [parvals[6],parvals[6]], [0.01, 10]
xyouts, 0.9999 * parvals[6], 1.0, ’'Interfering line’

; Plot residuals



plot, [371.6, 372.6], [-0.1, 0.1], /nodata, $

xtitle = ’'Wavelength (nm)’, $

ytitle = ’residual’, position=[0.15, 0.10, 0.95, 0.28], /noerase
oplot, x, residual

;device,/close
;set_plot, ’x’

; Print out the fitted parameters

for j = 0, n_elements(parnames)-1 do $
print, j, parnames[j], parvals[j], errors[j], $
format = ’(i2, " : ", a20, " =", 2f12.4)°
; Write the parsed model to a file in order to see all the limits

isok = parser->writedefinition(model, ’simplify_output.mdl’)

stop

end



2.3 Demo (b) Drivers
2.3.1 Demo (b-1) demo_b/simplify_output.mdl

Model written automatically by FFS

Editing this file by hand is ok but please
note that FFS will not retain any comments
or formatting changes which you may add if
asked to read and then re-save this model.

(model
(add
(background-linear backg)
(multiply (broaden_gauss (shift (adas-zeeman be2zeeman) sh) bg) be2mult)
(gaussian gl)
)
)

(setval backg.c 0.079600883)

(setval backg.m -0.0048565742)
(setval be2zeeman.obsangle 0.0000000)
(setval be2zeeman.bvalue 1.8503528)
(setval sh.lambda -0.069918945)
(setval bg.fwhm 0.10742071)

(setval be2mult.factor 0.058118828)
(setval gl.pos 372.51450)

(setval gl.fwhm 0.070975998)

(setval gl.area 0.0019231882)

(setval be2zeeman.pol 0)
(setval be2zeeman.findex 8)
(setval bg.trap 10.000000)
(setval gl.trap 5.0000000)

(setmin backg.c -Infinity)

(setmax backg.c Infinity)

(setmin backg.m -Infinity)

(setmax backg.m Infinity)

(setmin be2zeeman.obsangle 0.0000000)
(setmax be2zeeman.obsangle 90.000000)
(setmin be2zeeman.bvalue 0.97000000)
(setmax be2zeeman.bvalue 4.0000000)
(setmin sh.lambda -0.10000000)
(setmax sh.lambda 0.20000000)

(setmin bg.fwhm 0.050000000)

(setmax bg.fwhm 1.0000000)

(setmin be2mult.factor 0.010000000)
(setmax be2mult.factor 100.00000)



(setmin gl.pos 372.40000)
(setmax gl.pos 372.60000)
(setmin gl.fwhm 0.0000000)
(setmax gl.fwhm Infinity)
(setmin gl.area 1.0000000e-05)
(setmax gl.area Infinity)

(free backg.c backg.m be2zeeman.bvalue sh.lambda
bg.fwhm be2mult.factor gl.pos gl.fwhm gl.area)

(fixed be2zeeman.obsangle)

2.3.2 Demo (b-1) demo_b/zeeman_be2.mdl

Setup model of BeIII Zeeman feature on a liner background with
one contaminating ordinary line around 372.5nm

The Zeeman feature
- can be shifted in wavelength (sh - constrained to -0.1 to 0.2 nm)
- is Doppler broadened with a Gaussian with FVWM constrained to 0.05 to 1.0
- is multiplied by a factor constrained to 0.01 to 100.0
- the field is constrained between 1-4T
- all pi and sigma components are used
- the observation angle is ® degrees

The ordinary line
- position is constrained between 372.4 - 372.6 nm
- fwhm and area are not constrained

The background
- is linear
- unconstrained constant value and slope

(model
(add
(background-linear backg)
(* (broaden_gauss (shift-lambda (adas-zeeman be2zeeman) sh) bg) be2mult)
(gaussian gl)
)
zeeman)

(setval backg.m 0.01)
(setval backg.c 0.1)

(setval gl.pos 372.5)
(setlimits gl.pos 372.4 372.6)

(setval gl.area 1.0)
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(setval gl.fwhm 0.07)

(setval sh.lambda -0.06)
(setlimits sh.lambda -0.1 0.2)

(setval be2zeeman.findex 8)

(setval be2zeeman.pol 0)

(setval be2zeeman.obsangle 0.0)
(fixed be2zeeman.obsangle)

(setval be2zeeman.bvalue 1.0)
(setlimits be2zeeman.bvalue 1.0 4.0)

(setval be2mult.factor 1.0e-1)
(setlimits be2mult.factor 1.0e-2 1.0e2)

(setval bg.fwhm 0.07)
(setlimits bg.fwhm 0.05 1.0)
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Charge exchange and beam emission
spectroscopy. Modelling emitter populations,
beam stopping and analysing spectra

Demonstration script
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1 Demo (a) Looking at basic charge exchange and ion
impact cross-section data

PURPOSE: Looking at ion impact and charge exchange data. Furthermore a comparison between
ionisation and charge exchange reactions is shown.

Ton-atom impact cross sections are collected in the adf02 files, which provide
data for different reactions.

Selective Charge Exchange (CX) cross sections are stored in the adf0®1 data files, while ad
state selective charge exchangecross sections for partially stripped receivers.

Thermally averaged total chiarge exchange rate coefficients are given by adfl4 files. They
Maxwellian averages over the receiver and donor temperatures.

EXAMPLE: The adf®2 for ion-atom cross section selected for this demo is the
following:
/home/adas/adas/adf02/sia#h/sia#h_j99#h.dat

Three reactions have been chosen with corresponding blocks:
1) total charge exchange (cx) transfer: H+® impact Li+3 -> Li+2

block=3

2) ionisation: Li+3 target H+® -> H+
block=13

3) excitation: Li+3 target H+® -> H(n=2)
block=28

Isotopic mass number of primary specie (deuterium has been chosen)=2
Isotopic mass number of secondary specie (lithium)=7

Two adf01s for CX are selected for this demo:

1) Oxygen: 08+ + H(is) -> 07+ + H+
/home/adas/adas/adf01/qcx#h0/qcx#h0_old#08.dat
For nl-resolved cross section the chosen quantum numbers are:
n=5, 1=1.

2) Lithium: Li3+ + H(1s) -> Li2+ + H+
/home/adas/adas/adf01/ext#h0/arf07#3/ext#h0_arf07#1i3.dat
For nl-resolved cross section the chosen quantum numbers are:
n=3, 1=0.

For the comparison between charge exchange and electron impact rate coefficients
the following reactions are considered:
1) IONISATION: H+e -> H+ + e + e electron impact rate from adfll
/home/adas/adas/adf11/scd12/scd_h.dat
Two electron density values are selected: 1.el® cm-3 and 1.el4 cm-3
2) CHARGE EXCHANGE: H + H+ -> H+ + H+ cx rate from



a) adfl4
/home/adas/adas/adf14/tcx#h0®/tcx#h0_h.dat

Two cases are shown: - no beam -> when the temperature of receiver (Tr) is equal to
the temperature of donor (Td) and both are equal to the electron temperature
(Te).

- cold beam -> Tr = Te and Td = 3 eV

b) cx cross section in the adf24 format,converted into cx rate by ceevth.pro
The adf24 used is the following:
/home/adas/adas/adf24/scx#h0/scx#h0_ornl#hl.dat

DEMO al: Extract and graph adf02 data interactively with ADAS302
1.Look at the selected adf02 for specifying the blocks corresponding
to the reactions.
2.Use ADAS302 with the interactive ADAS window for the selected species,
selecting different reactions (e.g. cx, ionisation, excitation).
3.Compare the different cross sections.
(output files: demo_a_1_cx.ps, demo_a_l_ion.ps, demo_a_1_exc.ps)

DEMO a2: Extract adf01 data with ADAS301, use read_adf0l.pro offline
1. Use ADAS301 with the interactive windows for O and Li
(outputs: demo_a_2_oxygen.ps, demo_a_2_oxygen_nl.ps,
demo_a_2_lithium.ps,demo_a_2_lithium_nl.ps).
2. Using the command line:
a) Use rea_adf@l.pro to read the selected adf®1 files.
b) Find the indices corresponding to the n and 1 specified.
c) Plot total and selective cx cross sections as a function of energy (eV/amu).
Program: demo_a_2.pro
Output file: demo_a_2.ps

DEMO a3: Comparison between ion impact/cx and electron impact reactions

1. Use read_adfll.pro to read the selected ionisation rate coefficients adfll for H.
Use read_adfl4.pro to read thermal cx rate coefficients.

Use read_adf24.pro to read the cx cross sections adf24.

Use ceevth.pro to produce cx rate for H from adf24 data.

. Compare the results (adfll with adfl4 and output of ceevth.pro)

Program: demo_a_3.pro

Output file: demo_a_3.ps

v W N

1.1 Demo (a-1) Figures
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1.2 Demo (a-2) IDL procedure

pro demo_a_2

;Use read_adf®l.pro to read selctive charge exchange cross section
;for 08+ + H(1s) -> 07+ + H+

;and for Li3+ + H(1s) -> Li2+ + H+

adf01_o=’/home/adas/adas/adf01/qcx#h0®/qcx#h0_old#08.dat’
adf01_1i=’/home/adas/adas/adf01/ext#h0/arf07#3/ext#h0_arf07#1i3.dat’

;Use read_adf0®1.pro to read the selected adf®l1 for 0+8 and Li+3
read_adf01,file=adf®1_o, fulldata=cx_o
read_adf01,file=adf01_1i, fulldata=cx_li

;specity principal and angular quantum numerbers for oxygen

n_o=>5

1 o=1

;find the index corresponding to n=5 and 1=1 (l-resolved) for oxygen
index_o=i4idfl(n_o,1_o,/idl_index)

;specity principal and angular quantum numerbers for lithium

n_li=3

1_1i=60

;find the index corresponding to n=3 and 1=0 (l-resolved) for lithium
index_li=i4idfl(n_1i,1_1i,/idl_index)

loadct,3
;Plot total and selective cx cross sections as a function of energy (eV/amu)
set_plot, 'ps’
device, /isolatinl, font_index=8
device, bits=8, filename=’demo_a_2.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color
device, /helvetica

plot_oo,cx_o.enrgya,cx_o.sigta,xrange=[5.e3,5.e5],yrange=[1.e-17,1.e-14],$
title="Total and selective CX cross sections’,$
xtitle="ENERGY (eV/amu)’,ytitle="CROSS-SECTION (cm!u2!n)’
oplot,cx_o.enrgya,cx_o.sigta,psym=1
oplot,cx_o.enrgya,cx_o.sigla[*,index_o],line=1

plots,cx_li.enrgya,cx_li.sigta,color=120
plots,cx_li.enrgya,cx_li.sigta,color=120,psym=1
plots,cx_li.enrgya,cx_li.sigla[*,index_1i]>1.e-17,color=120,line=1

xyouts,0.63,0.9,’0!u8+!n + H!u®+!n -> O!u7+!n + H!ul+!n’,/normal



xyouts,0.63,0.85,’Lilu3+!n + H!u®+!n -> Lilu2+!n + H!ul+!n’,color=120, /normal
xyouts,0.73, ’

3,0. total’, /normal
xyouts,0.47,0.7,’

6,
7,’total’,color=120, /normal
xyouts,0.2,0.6,’n=5 1=1",/normal
xyouts,0.43,0.3,’n=3 1=0’,color=120, /normal

device, /close
set_plot,’X’
Ip.font=-1

end

1.3 Demo (a-2) Figures
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1.4 Demo (a-3) IDL procedure

pro demo_a_3

;Compare electron impact excitation vs thermal CX for H.
;Contrast the ORNL red book rates against forming the double
;Maxwellian with the ceevth.pro library routine.

;define electron temperature range
itval =30
te=adas_vector(low=1., high=1000., num=itval)

;Ionisation rates from adfll for two different electron densities
file_scd = ’/home/adas/adas/adfl1/scd12/scd12_h.dat’

read_adf11l, file=file_scd, class=’scd’, iz0=1, izl=1, $
te=te, dens=fltarr(itval)+lel®, data=scd_10

read_adf11, file=file_scd, class=’scd’, iz0=1, izl=1, $
te=te, dens=fltarr(itval)+lel4, data=scd_14

;Thermal CX rates from adfl4
;Note isotope is hydrogen, not deuterium, H + H+

adfl14=’"/home/adas/adas/adf14/tcx#h0/tcx#h0_h.dat’

;use read_adfl4.pro to read the selected adfl4
;case of temperature of receiver=temp.of donor=electron temp.
read_adf14, file=adfl4, block=1, t_rec=te, t_don=te, $
m_rec = 1.0, m_don=1.0, data=tcx_eq
;case of temperature of receiver=electron temp. and temp.of donor=3eV
read_adf14, file=adfl14, block=1l, t_rec=te, t_don=fltarr(itval)+3.0, $
m_rec = 1.0, m_don=1.0, data=tcx_3

;Form H CX rate from the adf24 cross section
adf24=’"/home/adas/adas/adf24/scx#h0/scx#h0®_ornl#hl.dat’

read_adf24, file=adf24, fulldata=all

eng = reform(all.teeal[*,0]) ; block 1
sig = reform(all.scx[*,0])
ind = where(eng GT 0.0) ; remove zeros

eng = eng[ind]
sig = sig[ind]

amdon = 1.0001 ; Hydrogen as before
amrec = 1.0001
catyp = 'tt’

12
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iextyp
te_comp = [3, 7, 10, 100, 500]

;use ceevth.pro to produce cx rate for H

ceevth, amdon = amdon, $
amrec = amrec, $
catyp = catyp, $
iextyp = iextyp, $
enin = eng, $
sgin = sig, $
enout = te_comp, $
rcout = cx_rate

; Plot the results

set_plot, 'ps’

device, /isolatinl, font_index=8

device, bits=8, filename=’demo_a_3.ps’, $
font_size = 14, xsize=18.0, ysize=16.0, $
yoffset=7.0, /color

device, /helvetica

xmin = 1

xmax = 1000
ymin = le-9
ymax = le-7

plot_oo, [xmin, xmax], [ymin, ymax], /nodata, $
xtitle = ’Temperature (eV)’, $
ytitle = ’Rate coefficient (cm!u3!n s!u-1!n)’

oplot, te, scd_10

oplot, te, scd_14, linestyle=2

loadct,3
oplot, te, tcx_eq, color=120
oplot, te, tcx_3, linestyle=1, color=120

loadct,1
oplot, te_comp, cx_rate, psym=5, color=120

plots, 3.8, 4.5e-8, psym=5, color=120
xyouts, 4.7, 4.2e-8, ’'rate from ceevth.pro’, color=120

loadct,3
xyouts, 1.2, 7e-9, 'H + H!u+!n CX’, color=120

xyouts, 10.0, 3e-9, 'H + e ionisation’

xyouts,70.,2.e-9,’N!de!n=10'ul®!n cm!u-3!n’
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plots,[300.,600.],[2.e-9,2.e-9]
xyouts,70.,1.5e-9,’N!de!n=10'uld!n cm!'u-3!n’
plots,[300.,600.],[1.5e-9,1.5e-9],1ine=2

plots, [1.5,3.8],[8.e-8,8.e-8], color=120
xyouts, 4.7, 8.e-8, 'Tldr!n=T!dd!n=T!de!n’, color=120

plots, [1.5,3.8],[6.e-8,6.e-8], color=120, line=1
xyouts, 4.7, 6.e-8, 'T!dr!n=T!de!n, T!dd!n=3 eV’, color=120

device, /close
set_plot,’X’
Ip.font=-1

end

1.5 Demo (a-3) Figures
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2 Demo (b) Obtaining charge exchange receiver popu-
lations driven by beams

PURPOSE: Produce and analyse charge exchange effective emission coefficients
associated by a particula donor.

The charge exchange effective emission coefficients are produced by ADAS306 (in
the j-resolved case) and stored in the adfl2 format. This format is read and
analysed by ADAS303.

EXAMPLE: For this demo C VI n=8-7 at 5290.7 Ang. has been chosen.

The adfl2 selected are the following