6. lonisation and emission,
part |1

o Calculating effective lonisation,
recombination, power and emissivity
data of high quality requires much
attention to detail and data sources

» The generalised collisional-radiative
approach is required.

» Density effects must be included at root.

» Best data sources must be accessed and
tailored for their usage.



Building the specific ion file

e The basic ADF04 specific ion file
contains energy level, A-value and
electron impact rate coefft. data for an
lon.

e It must be supplemented with
recombination, ionisation and charge
exchange data from best sources for
the complete solution.



Building the specific ion file
(contd.)

e Such extra data is added as electron
collision data but with a code In the first
column.

» ADAS211 prepares state selective
radiative recombination data (‘R-lines’).

» ADAS212 prepares state selective
dielectronic recombination data (‘R-lines’).

» ADAS213 prepares state selective electron
Impact ionisation data (‘S-lines’).



ADF08 template file

SEQ='BE' NUCCHG= 6

PARENT TERM INDEXING BWNP= 520178.4 NPRNTI= 1
INDP CODE SL W WNP
1 1S22sS1 (2)0(0.5) 0.0

LS RESOLVED TERM INDEXING BWNR= 386214.0 NTRM= 6

INDX CODE SL WJ  WNR

1 2S2 (1)0(0.0) 0.0 {1}2.000

2 2S12P1 (3)1(4.0) 52419.4 {1}1.000
3 2S12P1 (1)1(1.0) 102352.0 {1}1.000
4 2pP2 (3)1( 4.0) 137477.7 {X}

5 2P2 (1)2(2.0) 145876.1 {X}

6 2P2 (1)0( 0.0) 182519.9 {X}

INDX TE= 9.00D+03 1.80D+04 4.50D+04 9.00D+04 1.80D+05 4.50D+05 9.00D+05 1.80




ADAS?211 Input

\/ ADAS211 INPUT

Data Root | /disk2/adas/adas/adf08/

Central data User data ] Edit Path Name

radrec/blike/blike _clls.dat

v

bii.k.e_clls.dat
blike o3ls.dat

Data File:

T

Browse Comments Cancel Done

7]

<

a)

b)




Adding radiative recombination
to the specific ion file (contd.)

e There is no graphical output from
ADAS?211.

o Calculations may be quite long so a
foreground or batch execution choice is
given.

e In foreground a thermometer widget
keeps you informed of progress



ADAS?211 Output

v ADAS211 OUTPUT OPTIONS

v File Name| /home/summers/adas/pass/data04.pass

Data File Name : /disk2/adas/adas/adf08/radrec/blike/blike clls.dat

Browse comments

Title for Run‘ demonstration

O Specific Ion Output [ Replace Default file name

[0 Resolved Recombination OutpRéplace | Default file na e\

File Name| /home/summers/adas/pass/data04.pass \

[1 Text output [0 Replace Default file name

File Name| paper.txt \ w\

| Cancel | | RunNow | Runin Eatc@

d)

b)

c)



ADAS211 Output (contd.)

.

v

ADAS211 : INFORMATION

ADA211 COMPUTATION UNDERWAY - PLEA{

PROCESSING 75% COMPLETED

(




ADAS211 Output (ADFO08)

SEQ='BE' NUCCHG=6

PARENT TERM INDEXING BWNP= 520178.4 NPRNTI= 1
INDP CODE SL Wi WNP
1 1S22s1 (2)0( 0.5) 0.0

LS RESOLVED TERM INDEXING BWNR= 386214.0 NTRM= 6

INDX CODE SL wWJ WNR

1 2S2 (1)0( 0.0) 0.0 {1}2.000

2 2S12P1 (3)1( 4.0) 52419.4 {1}1.000
3 2S12P1 (1)1( 1.0) 102352.0 {1}1.000
4 2P2 (3)1( 4.0) 137477.7 {X}

5 2P2 (1)2( 2.0) 145876.1 {X}

6 2P2 (1)0( 0.0) 182519.9 {X}

PRTI=1 TRMPRT= (2S) SPNPRT=2

INDX TE= 9.00D+03 1.80D+04 4.50D+04 9.00D+04 1.80D+05 4.50D+05 9.00D+05 1.80
1 1.47D-13 1.05D-13 6.79D-14 4.97D-14 3.69D-14 2.50D-14 1.81D-14 1.24
2 1.10D-12 7.67D-13 4.68D-13 3.14D-13 2.02D-13 1.04D-13 5.75D-14 2.94
3 2.61D-13 1.82D-13 1.10D-13 7.31D-14 4.65D-14 2.32D-14 1.26D-14 6.29




ADAS211 Output (R-lines)

R1+ 14/13105136./914497-14369-14250-14181-141.24-14
R2+ 1101276/-1346813314-13202-13104-135.7514294-14
R3+ 261-13182-13110137.31-14465142.32-14126-14629-15
C
C

C RADIATIVE RECOMBINATION DATAADDED
C

C PROCESSEDBY ADAS211 ON:

C uhpsladas/adiOgicooHiiI6A _c3sdat

14004098

o000




Building the specific ion file
(contd.)

o State selective charge exchange
recombination data from neutral
hydrogen must also be added.

» ADAS509 prepares state selective CX
cross-sections (ADF24) into thermally
averaged rate coefficients (ADF14)

» ADASS505 Interrogates thermal charge
exchange rate coefficients and prepares
(‘H-lines’) for the ADFO04 file.



Calculating the generalised
collisional-radiative coeffts.

e There are two stages in the calculation

» ADAS204 computes the metastable resolved,
bundle-nS very many n-shell population
structure and its influence on low levels via
projection matrices (ADF17).

» ADAS208 computes the low level population
structure using the projection matrices
(ADF17) and the high quality ADFO4 file.

» ADA208 outputs PEC (ADF15), SXB (ADF13)
and GCR (ADF10) coefficients



Calculating populations, GCR,
PEC and SXB coeffts.

o Start ADAS208 as follows
» Start ADAS
» Move to ADAS series 2
» Click button for ADAS208

o« ADAS208 has the standard sequential
three screen structure, namely file
selection, processing options & output
options screens



Calculating populations, GCR,
PEC and SXB coeffts.

e File selection

» Two input files may be selected.

» The first is the fully featured ADF04
specific ion file.

» The second Is an expansion file
(ADF18/al7 p208) which tells where the
projection matrices are and how they are to
be expanded over the low levels.

» Enter DUMMY for the second file to by-
pass high n-shell projection.



ADAS208 Input

< | ADAS208 INPUT
Input COPASE Dataset
Data root ‘/diskZ/adas/adas/adf04 ‘
(Centraldata | | Userdata| [J Edit Path Name a)
‘ crlike/hps95cr.dat ‘
h'p'sg)élcr.dat )

Data File: | hps95cr.dat

Browse Comments I b)

Input EXPANSION File

Data root ‘ /disk2/adas/adas/adf18 \

M

(Centraldata | [ Userdata| [ EditPath Name d)

DUMMY

e)/v

DUMMY
a09_a04
e | 209 _p204
Data File: al7 p208 . . .
bndlen_exp#h0.dat

\ Browse Co;n'rﬁents\




Calculating populations, GCR,
PEC and SXB coeffts.

e Processing options

» First the choice of temperatures and
densities must be entered.

» Designation of metastables must be made.

» Switches control the inclusion and
exclusion of specific processes

» EmIssivity output may be large and can be
limited by wavelength range appropriately
for a particular spectrometer.



ADAS208 Processing

ADAS208 PROCESSING OPTIONS

Title for Run \ demonstration \ Nuclear Charge : 24

T

lon Charge : 0

Data File Name : /disk2/adas/adas/adf04/crlike/hps95cr.dat Browse comments \

a).

A

Input densities: <> NE&NH <> N(z-1) <& N(z+1)
Tenperatures Densities
Index Electron lon Neutral putin Index Electron lon NH/NE
ydkbgen Value Densities  Densities Ratio
1 1.000E+00 1.000E+00 1.000E+00 9.995E-01 1 1.000E+11 0.0 0.0
2 2
3 3
4 4
5 5
[ J

‘ Temperature Units : eV ‘ ‘ Densiy Units : cm-3 ‘
\ Edit Table | ‘ Edit Table |
‘ Default Temperatures ‘ ‘ Default Densities ‘

Metastable States Reaction Selection '\ [] lonisation Rates
a6S)4s(a7S) (7)S(3.0) — [] Neutral H Chage Exc|
[] Proton Inpact Collisions d) o

a6S)4s(a5S)  (5)S( 2.0) [] Free Electron Recombination e)

'\ [} Scale Proton Ipact for Zeff [] Inner shell ionisation
‘ Enter Z-effective for Collisions ] []  Includeprojection data
‘ Selections ‘ c)
‘ Single metastable : normalipewer and PEC to total gfapop. v\ ‘ ‘ O lonisation Coefficient Search

h S~

Limits for PEC and SXB files :

Short wavelegth limit (A) :

9)

Lower limit of A-values (sec-1) :
Long wavelemth limit (A) :
V-

g

‘ Cancel ‘

=]

‘ Done ‘

Edit the processing options data and press Done to proceed

h)




Calculating populations, GCR,
PEC and SXB coeffts.

e Best available direct ionisation
coefficients from the metastables are
sought to improve the precision.

» Click lonisation Coefficient Search

» FInd the correct ionisation data file

» Match demand from ADAS208 from the
lonisation data source according to initial
and final metastable.



ADAS502(208) Processing

™ ADAS502 (208) PROCESSING OPTIONS
Title for run ‘ demosntration ‘
Data file name : /disk2/adas/adas/adf07/szd93#crszd93#cr.dat
‘ Browse comments
Polynomial fitting
‘ Fit Polynomial value % : ‘
Initial ion: 0 + 4 Finalion: o+5
Select data block Select matching states
Index Initial Metastable Final Metastable INDEX Initial Final
ion index ion index metastable metastable
[ 2 CR+ 0 1 CR+1 1 \ \ 1 L7S(3.00  1(68) |
VAN
1 CR+0 1 CR+ 1 0 1 1OS(30) - 1ES)
2 1(NP( 3.0) 2(6D)
2 CR+0 1 CR+1 1 »
3 1(NP( 3.0) 3(4D)
3 CR+0 1 CR+1 2 k 4 2(5)P( 2.0) 1(6S)
4 CR +0 2 CR+1 0 5 2(5)P(2.0)  2(6D)
5 CR+0 2 CR+1 1 v
a)
b)
Output Electron Temperature
A
Index Output Input
1 1.000E+00 1.000E+00
2 2.000E+00 2.000E+00
3 5.000E+00 5.000E+00
4 1.000E+01 1.000E+01
5 2.000E+01 2.000E+01
6 5.000E+01 5.000E+01
7 1.000E+02 1.000E+02
8 2.000E+02 2.000E+02
v
< >
@ ‘ Temperature units : eV ‘ &
N Edit the processing options data and press Done to proceed
Cancel ‘ ‘ Done ‘




Calculating populations, GCR,
PEC and SXB coeffts.

e The program solves for excited level
populations in terms of the metastables. That
Is for the F's and F*'s where

M M + +
N _Ne § I:i,o(Te’ Ne) N,o+Ne Z_ FGUe’Ne)Na
p=1 o=1

e The code then computes collisional radiative
coefficients, photon emissivities and
lonisations per photon.



Calculating populations, GCR,
PEC and SXB coeffts.

o Output options

» Graphical display of the F’s as a function of
density Is allowed

» PEC, SXB and GCR output files are
produced as required ready for addition to
the ADAS database.



d)

e)

ADAS208 Output

M

ADAS208 OUTPUT OPTIONS

Data file name : /disk2/adas/adas/adf04/crlike/hps95cr..dat

Browse comments

[J Graphical Output

Select Temperature

2.000E401 v

Graph Title demonstration ‘
1.000E+00
U Explicit Scaling
Xemin | xemax{ | 2
Y-min l:| Y-max S Default Device
Post-script
1 Enable Hard Copy [0 Replace Post-script K
_ HP-PCL
File name :| graph.ps HP-GL 0)

[J TextOutput [J Replace Default file name

File name :| adas2-08.txt \

Output passing files to director{ /disk2/summers/adas/pass/

Passing files 1 PEC 1 SXB 1 GCR

= [ Cancel | [ Done ]




ADAS208 graph

POPULATION DEPENDENCE ON METASTABLES : O+5 ELECTRON TEMP. = 2.00E+01 (EV)
ADAS RELEASE : ADAS91 V1.01 PROGRAM: ADAS205 V1.0 DATE: 26/05/93 TIME: 16:15
GRAPHTITLE : POPULATION GRAPH

INPUT FILE : NETSHP.COPSM#LI.DATA(SM#05) o5 POPULATIONS
—— LEVEL ASSIGNMENTS -—-
INDEX DESIGNATION
1 281 (2)S(0.5)
2 2p1 (2)P(0.5)
= 3 2p1 ©)P(1.5)
) s 4 3s1 (2)S(0.5)
x :j 5 3p1 (2)P(0.5)
g 22 LA 2 6 3p1 (2P(1.5)
~10" 7 3d1 (2)D(1.5)
= AL 8 3d1 (2)D( 2.5)
= IRRE S L e 451 (2)S(0.5)
Z T api (@P(0.5)
o 11 4ap1 (2)P( 1.5)
£ 12 4d1 (®D(1.5)
= 13 4d1  (2)D(2.5)
z I —— 14 aft (2)F(2.5)
—— 15 at (2)F(3.5)
16 Gs1 (2)S(0.5)
| 17 5pi (2)P( 0.5)
T T 18 5p1 (@P(1.5)
R 117 19 sd1 (@D(1.5)
1023 20 5d1  (2D(2.5)
21 5f1 (2)F(2.5)
22 s (2F(3.5)
23 5g1 (2)G(3.5)
24 5g1 (2)G(4.5)
1013 1014 1015 1016

electron density (cm-3)



