The ionisation state of ions in a plasma
part 1

e Effective ionisation and recombination coefficients
» Data sets of class ADF11
» Interrogating ADF11 using ADAS402.

e Equilibrium ionisation balance

» Using adas405 to examine the temperature and density dependent
equilibrium ionisation balance



Effective ionisation and recombination

e Collisional-radiative modelling

»

»

»

Full modelling for the populations of an ion also gives the collisional-
radiative ionisation and recombination coefficients.

In basic CR modelling, the coefficients give stage to stage connections.
In GCR modelling, the coefficients give connections between metastables
within and across ionisation stages.

The data format ADF11 is assigned to Maxwell averaged, Te and Ne
dependent CR and GCR coefficients.



Collisional-radiative theory

Then the quasi-equilibrium statistical balanceis
% Nl = chj Nj +C11N1 + NeN+r1
j#1
0=> CN,+C N, +N.N,r, , i=2,.

j#£1

In matrix form these become

d

el \ _ Cn Cy | N +N.N. g
0 | |G G N Ly

The populations of the excited levelsin quasi-equilibrium, N ng are given by

N ==N,N,> C/r = > C;'C,N,

[ [




Collisional-radiative theory
(contd.)

%t N1 = _NeSCD N1 + NeaCDN+

Collisional diel ectronic ionisation coefficient
CD = C11 N Z Z ClJCJ_IlC

j£1l i#1

and colligonal-did ectronic recombination coefficient

ae =1, =2, > CyCi

j£L i#1



Collisional-radiative theory
(generalised)

The ionisation coefficients
0 0
Seo.ov = (S, — Z_;Suj ;Cji_lqa)
the free electron recombinati or: _coeffi cI:i_ents
0 0
Apy.p = (R oo T Z_;ij ;Cji_lR )
the charge exchange recombi natji ;)n coelf;‘i cients
0 0
CCD,U'_>,0 = (qu' + Zij ;Cji_l(glu’)
the metastable cross-coupling ccj)_e:‘Lffici elr;ts
0 0
XCD,J_>,0 = (Cpo' - Z_;ij ;Cji_lqa)/ N,
and the parent metastable cross—lc;oupl i ngg coefficients

©) ©)
QCD,U'—»U = ZSUJ Zle_lR iv
j=1 i=1

e



ADF11 iso-nuclear master file

classes

Mnemonic Class Type
ACD Coll.-did. recom. coefft. R& U
SCD Coll.-did. ionis. coefft. R& U
CCD Coll.-rad. charge exch. coefft. R& U
PRB Call.-diel. recom./brems. power coefft. R& U
PRC Coll.-rad. charge exch. recom. power coefft. R& U
QCD Call.-rad. metastabl e cross coupling coefft. R
XCD Coll.-did. parent meta. cross-coupling coefft. R
PLT Call.-rad. excit. line power coefft. R& U
PLS Call.-rad. specific line excit. power coefft. R& U




ADF11 iso-nuclear master file
layout of the unresolved type

Log(Te)

(eV)

/" ARNAUD- ROTHEN( NE SCALED) 9/11/90

. 97136
. 92128

. 19355
. 19132
--------------------------------------------------- / Z1= 2
. 40593
. 98088

. 04495
. 97073

-20.98573

-8.17223

- 36. 37265

-9.04234

0.53534 0.63534
1.33534  1.43534 lon
2.13534  2.23535
2.93534  3.03533 Charge+1
3.73534  3.83534
4.53534 46353

TE= 09/11/ 90
-21.03465 -21. 02173
« Log(ACD)
-8.17398 -8.18895 (cm3s-1)

/ DATE= 09/11/90
- 36. 31938 -36.23863

-9.04021 -9.04073




ADF11 iso-nuclear master file
layout of the resolved type

4 26 35 1 4 / BERYLLI UM / DI CKSON ET AL 1992

Connection

10. 00000 10.20003 10.40002 10.59999 10.80003 11.00000 11.20003 11.40002
11.59999 11.80003 12.00000 12.20003 12.40002 12.59999 12.80003 13.00000 vector
13.20003 13.40002 13.59999 13.80003 14.00000 14.20003 14.40002 14.59999
14. 80003 15. 00000
0. 00015 0. 10016 0. 20015 0. 30015 0. 40015 0.50015 0. 60015 0. 70015 hﬂeﬁeﬁiable
0. 80015 0. 90015 1. 00015 1.10016 1.20015 1.30015 1. 1
1. 60015 1. 70015 1.80015 1.90015 2 2.20015 2.4 ;
2.80015 3. 00015 3.20015 3. 40015 3 4. 00015 4. 20015
4.40015 4. 60015 4. 70015
--------------------- /| IPRT= 1 —mmm---- Z1= 1 /| DATE= 16/ 11/ 93
-11.57681 -11.55926 -11.53861 - -11.45315 -11.41518 -11.37166
-11.32210 -11.26598 -11.20285 -11.13244 -11.05561 -10. 689 -10.79719
-10. 70532 -10.61241 -10.51952 -10.42769 -10.33806 -10.25165 -10.16957 - kaent
-10. 022 -9.96003
0. 02208 metastable

-7.20840 ~-7.21561 -7.22233 -7.22831 -7.23329 -7.23700 -7.23918 -7.23957
-7.23791 -7.23394 -7.22740 -7.21811 -7.20627 -7.19216 -7.17605 -7.15822
-7.13895 -7.11852 -7.09722 -7.07531 -7.05308 -7.03080 -7.00876 -6.98724
-6.96650 -6.94684
-6.85348 -6.85100

--------------------- / IPRT =1 [/ IGRD=1 [--------] Z1= 4 / DATE= 16/11/93
-74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000
-74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000
-74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000 -74.00000
-74. 00000 -74.00000




ADEF11 and date mnenonics

e ADF11 year numbers

»

»

»

»

baseline CR data are assigned the ‘89’ year number. They are stage to
stage data and available for very many elements.

GCR data on the restricted Te/Ne grid are assigned the ‘93’ year number.
They are LS-coupled, metastable resolved data for selected light elements.

GCR data on the extended Te/Ne grid are assigned the ‘96’ year number.
They are LS-coupled, metastable resolved data for selected light elements.
CR data ‘condensed’ from the GCR data is also provided.

Other approximations, eg. Arnaud/Rothenflug (‘85’), are available but sub-
categories are generally incomplete.



appxa-11.pdt

ADF11: iso-nuclear master files

Isoomclear master file data. Formarieg convertions and variabls storage are given below.
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Direct

ADAS402 Input

Data Root |¥paekagaﬁja§a3!adasi&ﬁ%Zij

Central DatalUser Data| _IEdit Path Hame

‘}_acdag/acdag_n. dat

—

data set
selection

Search
method

Select year
and default
year

Standard or
partial and
resolution

>

Data File |acd89_ar.dat |
acd89 _b.dat
acdB9_bhe.dat
acdB9_c.dat

Search for iso-nuclear master file from details:-

Select iso-nuclear master collisional-dielectronic class : ACD

Radiated power filter (blank for none)

Hember prefix (blank for none)

Isomuclear element symbol

Type of master files : andard | #Speciiy pacbial Lyvpe cods D Fesolvasd
L Parent index|] 1 Recosbined fon ipdex | 1

Select data

classes
required

Select
element

Search

Browse File Comments Search|Eancel|Done|




ADAS402 Search

]
Search results:-—

The following files match the given parameters:-

|Filename

?packaqesfadasfadasfadfllfacdﬂEfacdﬂE_n.dat

fpackagesfadasfadas/adfll/acddb/acddb_n. dat
Choose -«fpaﬁﬁgﬁesfadasfadasfadf1lfacdﬂEfacdﬂﬁ_n.dat
file fpackages/adas/adas/adill/acdi9/acddd_n. dat

Cancel|Select|




ADAS402 Processing

ADAS402 PROCESSING DPTIONS

Title for Ru.nlI ‘

Data
class
selected

Data File Hame: /packages/adas/adas/adfll/acdB9/acdd9 _n.dat

Browse Comments |

Data file information:-
Class ! ACD - Recowmbination coefficients

. Year : 89
|On File type : Tnlmownd
reqUIred 1 se input the following charge informatiomn:- Polynomial Fitting
Elenent nuclear charge 20 : |¥ o Eih polvaomial W
Reconbining ion charge 21 : |
Recorbined ion charge 2 : |5

Select Dutput Temperatureslensity pairs W Bpproximate density to be extracted:

Polynomial
fit

X 1.00000 cm~-3
Temperature & Density Walues

Temperature Density (Dataset closest to the abowve wvalue
will he selected)

INDEX Dutpat Input Dutpuat Input
1 1.160E+04 1.160E+04 2.512E+13 1.000E+10
2 1.460E+04 1.460E+04 2.512E+13 1.585E+10
3 1.838E+04 1.83BE+04 2.512E+13 2.512E+10
4 2.314E+04  2.314E+04 2.512E+13  3.981E+100 |
. ] — =
Specify = o Kelva ty Gnits :
Tewperature Units: Kelwvin Density Units : cm-3
Te/Ne Edit Table
pal r Val ues Default Temperature/Density ‘U’alues|

Edit the processing options data and press Done to proceed

Cancel M




ADAS402 Output




ADAS402 Graph

OUTPUT

ADAS402 GRAPHILC




Equilibrium ionisation balance

e Code ADASA405 is provided for examining and contrasting ionisation
balances as a function of Te and Ne.

e It has also capability for examining radiated power and the ingredients
of G(Te,Ne) functions



Default
year

ADAS405 Input

15 [MPUT

—_—

L

Enter details of the iso-nuclear master files to be analysed:-

Select iso-nuclear master collisional-dielectronic classes : Select

Radiated power filter (hlank for none)
Hember prefix (blank for none)

Select directory branch Iolentra

B data H 96 Default year (if recuired)

Isonuclear element symbol

Type of master files : Partial Specify partial type code T Resolved
Display dath set availability |

al

:

y4

\ /

\ 7

Input Line and nnal\sis Selection File: -

Data Root ‘ja faftoall/usados/ndans/ady b adlh/

central Data| User Data| _|Edit Path Hame

Data File |arcetri_test_c
cadarache_test_o
canada_test_c

frascati test o

Resolution
level of data

Browse Selection File Comments Cance1| Donel

Select data
classes
required

Central
data

Select by
element
and year



Availability of ADF11 data

0% INPUT

Class selection and file awailability: -

Data set

211 requested files awvailable from user data sets.

Hember Power USER DATA DEFAULT DATA (96)

Class ¥Year Element Prefix Filter Type Selected Available Used Awailable
acd 96 c RPartial YES YES no YES
scd 96 c RPartial YES YES no YES
ccd 96 c RPartial no YES no YES
prh 96 c RPartial ¥ES ¥ES no ¥ES
prc 96 c RPartial no YES no YES
qod 96 RPartial YES YES no YES
xcod 96 RPartial YES YES no YES
9 c RPartial YES YES no YES

information

Data

obtained
from primary
year

Data
obtained
from default
year



ADAS405 processing

0 NG OFTIONS

Title for Run |

Script file: fafs/ecell/ufadas/adas/scriptsd405/HULL Browse Comments

Data file information:- Enter iscotope information:-

Enter element isotope mass mwber (awu) : |} 12.0
Selected waster file elewment: C

Selected master classes: ACD_ SCD, PRE, (QCD, ¥CD, PLT

/ Enter hydrogen isotope mass rumber {amm) : N

ADF11 classes)— | select spectral line for analysis:- Set element
SeleCted Therﬁ is no selected script file. parameters
/ g Enter Output Temperature/Density data
L/ Temperatures Densities
/ INDEX Electron Hydrogen Electron Hydrogen
Output values Output values Output values Output values

Noscript || |4 gsbees ™ poimer™ sboed™ bl Select
file present- 1 BO0EOL  S.000EOI 0003 100010 Te and Ne
no lines for £ = pairs

selection |§_Temperature Units: eV Density Units : cm-3

Edit Table |
Default Temperature/Density Values Clear Table

Cancel M




ADAS405 Output

I— TPUT OFTIO —I

Script file: fafs/@cell/u/adas/adas/scripts405/NULL Browse Gorments

¥ Graphical output

Graph Title |}

(# Fractional abmndance plot
_JPower function plot

Choice of
graphs

_Contribution function plot

Fractional abmndance plot:-

_| Explicit scaling

Rewin Bewmant

—
—

Hopdn et

—
—

% Enable Hard Copy _| Replace Select Device

Post-Script
File Name : | adas405 graph.ps |

[Post-Script |
HP-PCL
HP-GL

¥ Text Output |Replace Default File Name|

File Name : |paper.txt

No GCF
output since
no script

L ENE  GiYe) Passing File | Replace Delanli File Hase

File Hems o ‘

Cancel M




ADAS405 fractional abundance graph

Fractional
abundances -

Index -
note metastable
resolved case

Previousl Hext Print Print A11| Done‘




ADAS405 power graph

Total power
and Metastable
components contributions

to total

Previous‘ Hext | Done ‘




