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Introduction I 

The Atomic Data and Analysis Structure (ADAS) is an interconnected set of computer codes 
and data collections for modelling the radiating properties of ions and atoms in plasmas and 
for assisting in the analysis and interpretation of spectral measurements. The structure has 
both interactive and non-interactive capabilities. The interactive part provides immediate 
display of important hndamental and derived quantities used in analysis together with a 
substantial capability for exploring parameter dependences and diagnostic predictions of 
atomic population and plasma models. The second part is non-intcractive but provides a set of 
subroutines which can be accessed fiom the usefs own codes to draw in necessary data fiom 
the derived ADAS database. 

Solar analysis objectives 
This manual focusses on a subset of  ADAS relevant to basic atomic modelling tasks required 
in spectroscopic studies of the solar upper atmosphere. These include examining emission 
spectrum lines and the relative intensities of such lines. Ratios of intcnsities are fiquently 
used for diagnosis of temperature and density in the solar atmosphere. Theoretical input for 
this is provided by ADAS in a series of codes concerned with excited populations of ions, 
called series 2. Two ADAS2 series codes, ADAS205 and ADAS207, of special relevance, are 
described here. The ionisation state of ions in the solar atmosphere is another key piecc of 
information for absolute intensity studies. ADAS4 series d e s  concentrate on this area with 
ADAS405, which evaluates equilibrium ionisation balance, described here. Theoretical line 
emission functions are a necessary ingredient of most analyses. Two d e s  fiom ADASS 
series, which provide such an analysis path are described here. ADAS506 allows 
interrogation of large collections of theoretical emission functions and their organisation for 
what has become a standard ‘inverse’ approach - differential emission measure analysis 
(DEM). ADAS509 is such a DEM code. 

It is all too easy to be overwhelmed with atomic data, especially since modem atomic 
structure and collisional codes can mass produce such data. Two special codes, ADAS209 
and ADAS210 fhxn ADAS2 series 8fe pvided to render some assistance in some situations 
which commonly arise. ADAS itself however is organisad in a manner to c o ~ e  with large 
flows of numerical data. 

Many spectral analyses of the solar atmosphere have ultimately been left in doubt bocaurt of 
real or imagined i n a c c m  in the theurctid atomic inputs such as the emission bctions. 
ADAS has a deep capability for investigating and valkkhg such data. Some of this 
advaoccd capability is described in the last chsptcr of this manual. Rekvmt arc ADAS502, 
ADAS503 and ADAS208. ADAS405, r e f d  to earlier umtributes also to this deeps 
ittldySiS. 



1 
. .  
I . .  

General organisation 
The vtrious ADAS IDutitlc3 are essentially of two typca, namely those which arc intcmgative 
cm tbe ADAS datdmse (both fhdauuntal and derived pub) and those which execute atomic 
modelling calculations. The iattet may d a y  substantial quantities of data for f i u t k  

In the htemptive &, the principle objective has been to allow graphical display of any 
part of the *. All codes satisfjl this quick look and check facility. In ADAS 
intemgation codes, cubic spline interpolation is performed on the source data fiom the 
*. These htcrpolattd values are given as convenient printer tabulations. Atomic 
modelling codes generally create output data sets as well as normal tabular output. These files 
are Stnrcturtd according to the requirement of the ADAS data base or for fither ADAS 
programs. It is anticipated that the user will edit these files mto standard ADAS named files 
when establishing a personal databzw after being satisfied of their correctness. 

processing or for Sdditioll to the derived Asta)w_crc. 

ADAS as a whole is organised into the five code series shown below. In technical terms there 
objectives arc as follow: ADASI is concerned with fundamental, that is essentially individual 
reaction data. This is to be distinguished fiom the composite effects of many processes which 
are the subject of the rest of ADAS. ADASZ is concerned with evaluating excited populations 
of specific ions in a plasma environment and then their radiation emission. It relies on 
availability of a reaction rate data collection for the ion in the ADAS database although 
ADAS has some provision for generating an approximate collection of such data when this is 
not so. ADAS3 is of special interest to firsion applications. ADAM is concerned with the 
ground and metastable populations of ions in a plasma and particularly their preparation and 
calculation for dynamical plasma models. It therefore operates with generalised collisional 
dielectronic recombination and ionisation coefficients, associated power loss coefficients and 
metastable fractions. It also mediates a transfer from an isoelectronic sequence storage of 
data which is the preferred choice for atomic data preparation and manipulation to an 
isonuclear Sequence storage preferred for applied studies in dynamical plasma models. 
ADASS provides a set of supplementary programs interrogating data collections in the 
derived database. The data classes addressed are those which have been found of particular 
importance for reduction of calibrated observed data. ADAS6 series has data analysis codes. 

1 ADASl I Entry and validation of fundamental atomic data I 
I 

~ I ADASZ I Excited state populations of ions in a plasma 

1 ADAS3 I Charge exchange related emission I 
I ADAM I Recombination, ionisation and radiated power I 
I ADASS I Supplementary programs I 
I ADAS6 I Data analysis programs I 

There arc 24 distinct data types in the ADAS m. Each data set type has its layout and 
content precisely described. These Prescriptions are called ADAS data formats or ADFs and 
must be rigidly adhered to in preparation of personal data for use by the ADAS package. A 
full description of all the ADAS data formats is given in appendix B of the main manual. 
Thest formats apply both to fundamental and derived data. Tbe most important here are 



cd/&k2/<tuer -@er> Change to your homo d k t w y  

Is Check file and direcmcs mt 

Ifthe dinctory /adas is not present create it. 

mkdir ados 

cd adars 

mkdir defalts 

mkdir pass 

Make you personal adas dathse top directory 

Move into the directory adas 

Make a dehhs directory if it does not exist 

Make a passing file directory if it d a s  not exist 

mMir scripts405 

mkdir arch101 

Make a script file directory for ADASQOS if it 
does not exist 

Make an archive file directory for ADAS 10 1 if it 
does not exist 

Subdirectories for various ADAS data formats may be created here if you wish to make up a 
personal adas database and they are not already present. For example 

mMir adfD4 Create an ADFM subdirectory 

Central ADAS data has the directory path /disE/&/& on the SOLG DEC ALPHA 
workstations. You can look at them. 

cd /disU/&&/@#/befih move to a Be-like specific ion file subdirectory 

Is list data files available 

cat belikejl I 9900. dat list a particular file for O4 prepared by J. Lang 

Starting ADAS 

cd /disk2/< user identifier> return to your home directory 

adas start ADAS 

The top level ADAS selection menu should be displayed as below 

Welcome to AD.A.S 
The Atomic Data and Analysis Structure Software Package 

ADAS RELEASE: ADAS93 V1.4 
I 

: 0 1 Atomic Data Entry and Verification 

' 0 2 General 2 Data and Population Proceming ! 
I 0 3 Charge~xchangeprocessing 

' 0 4 Recombination and Ionisation Proceming 

! 

I 

i 



1. 

2. 

3. 

Bdletins: filesnrntadas fdisk2/&- ' <daSe>.ps 
where <drdb is of tbe farm <moathxdoy>-<yerp> [cg. povl8-94 (this bulktin) 1. 
use?vwtes: files named 8s l d i s k 2 / a d 8 s / d O c ~ W 4 a ~  COde>l<COdC 
name>.ps 

-01 
where <library code, is the associated Fortran library name [eg. a d d b  , rd+S2u, 

and <code name is the Fortran subroutine name [eg. ssxb, xusxb etc.] 

M m Z :  files named as /disWMdocslmanual/chaYchap<i>-<na>.ps 
wbere <i> denotes chapter number h m  the ADAS User Manual and <nn> denotes the 
sub-chaptcr. The manual has been split into these subchapters for easy of interrogation. 

All these files are 'postscript' files. 

1 ......... .-. 

. _- .. __--. ..................................................... 

. . . . . . . . . .  .- , .......... 

jb--'1ck : - - ;  . -.a Il4nmmm __ 
- - 
c-_-__4 .......... ... 

r-------.. -' _ _  .. .- ....... __ - . . . . .  __ 
I 

r 

..... - _ _  . . . . .  

&-I -1 02p 
. ._ . . . . . .  - . 

. . . . . . . .  .... 
. d  

._FQ!?!Pz . . .  

To look at the files, activate a CDA viewer tool: 

&duc 

Button select FILE FORMAT choice PS 
Double click on directory names to move to required sub-directory 

Click on required file to select it 

Button select OK 

bring up CDA viewer window 

To terminate CDA viewer 

Button sekct FILE a! top left of window 

Button select EXITon drop down menu. 



Table Editor 

- . . . . . .  
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L .  . ._ ....... 
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.I 
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A- 
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A -  A * 
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.. .- .... . . . . .  -. . .  ... - .  . .  . .  - . . . . . . . . .  
c ._ , 

. _  ~ .~ - - w  
c - . ... ___ __ ... ................... . . ~ . -. - . 

7 

. -- ..... ...... 

1. The values in italic font are your input data. Click in any of these boxes to edit 
the number within it. The workstation cut, paste and copy keys opera&. Press 
the return key on the keyboard to record any change. 

2. The set of triangular and square buttons below the table arc designed to help in 
some editing tasks. You must be carcfbl to remember the sequence of aperasions 
since it is different h m  that on personal computers. Activate the approptiatC 
button, position the m o w  text cursor or drag over required digits, prcrr the 
rdvm key on the keyboard to complete the sequence. Triangular buttons operate 
for the next immediate action. Square buttons have a continuing effect until an 
ahcrnative is pressed. The M e t e  button allows deletion of the value in a box, 
leaving an empty box; the Remm button allows deletion of a value with the 
column then being pushed up; the Imm button creates a new empty box, pushing 
the column down. The Row-sk-p bum causes a jump to the next cditabk box in 
a row when the return key 011 the keyboard is p m d ;  Colwm-skip 
jumping to next box in a column. &roll up moves the whok window down. 
Note that the window only shows ten values in a cohmm, but tbe whole table may 
be longathat this. Md Tcmpmtwe units for warlrmg with may be cboseo. 
cbengingtmitscsuststbe lapas fiom tbe fikto cbnnge to the new units. It- 



Graph Editor 
in the hdammtal data entry and verification sedions of interactive ADAS, flexibility in 
a d i m t ,  deletion and insertion of points on a displayed comparative graph is usefbl. Since 
this is copnmon to a number of ADAS programs, a special widget has been developed to assist 
m this task. To avoid repetition in the description of each code, a summary of how to use 
Gnph E d k  is given here. A typical appearance is shown below 

- _- - - -- _- ____ 
59 ADAS101 : DIAGNOSTIC GRAPH EDITOR -, 

A AddX-point A AddAnywhere , A Moverhint A Deleteahint - - . 

I ._-- __- 
7 

Imlt point by Value : X-vaI : I 

Y-val: A Clicktolneert 

1. A 'I)pical Graph Edhr window as shown below. Input values are displayed as 
circks. In this particular ilhrstrlrtion, a least squares spline fit is madc to these 
crbulrr points. The ~ptine pssses dyougb five special knot points which are 
~H&@sM. The points can be modified by Using the buttans a) bamth the 
gnph m rssocirition with tbe mouse. 'Ihe knot pmts  may only be moved 
VcttiCIuy d a spacial button is prcseat fixthis case. 

2. T o m o v e 8 p ~ h t , c k k t b e ~ u ~ ~ .  Tbarusetbek$mwsebuUm 

. .  

bo pidr 8 d  h g  8 @It 111 lltw PO&OtI. Nodt that the X-ordaiag Of pO* 



s h a ; l l d b c m  4 B u u m g b w t M b y W ~ .  r n p o f a a h r e r d  
activtzmeirarmditfiwpickbgbydretnouse. T c a m ~ p O i n t ~ v i q g  
Operrtions by pwsiagthe~&&morwc buttam. To delete apoint, click tbt d s k  
upointbutbon. lhen click tbe Iqprnowe button with bre pointer overthe pointto 
be delccad Tuminatt point deletion opartions by press& tbe riw twme 
buttoa. To add a new pint m the x-mkmd positioa batwaen two existing 
pmt& click the Oddx-pinf buum. Thar click ehe rrp moUSC butm with the 
pomterattheposition wherrtheatwpomtistobeinsert6d. Tenninrtepoint 
insertion Operations by pressing dre rig& mouse button. For compl- the 
capability for adding a pint  anywhere is given ahhough physically unmsxmbk. 
The opwatiotl is slightly diffmnt. Click the oddanywhm button. With the @? 
m o w  button pick a point after which you wish dre new point added. Ress drc 
f@ mouse button with the pointer at the insartion point. Multiple insations may 
be made by continuing to click the le$ mouse button. Click the right mouse 
button to tmninatc this particular insertion. Prtss the right mouse button a 
sccond time to terminate insertion operations. 

3. To insert a point by value use sub-window b). 

4. The buttons at c) provide the usual cancel, print and done options. In addition 
the help button displays some information on using the graph editing kilities. 
The original data and graph can be restored by clicking the refimh button. Note 
that after leaving the graph editor window with the done button, the modified and 
or additional points replace the original user input data. Note that with the ADAS 
analysis option, if any points are modified, the program cycles back to the Output 
Options window for reanalysis. With the Burgess analysis option, movement 
only of the spline knots does not force reanalysis 

I 





Populations and line ratio 
studies 

Two programs fiom ADAS2 series are presented in this section. "hey are designed to allow 
detailed study of theoretical emissivities of spectrum lines fiom a selected ion in a thermal 
plasma. The two programs are linked. The starting point is a collection of 'complete' reaction 
data for an identified group of levels of an individual ion, called a specific ion file (type 
ADFM). Such a dataset can include state selective recombination, charge exchange 
recombination, electron impact ionisation and ion impact excitation coefficient data, but the 
primary content is electron impact excitation data. The electron impact excitation data in such 
files are individually prepared for the highest precision but can also be produced semi- 
automatically by direct calculation or, for members of prepared isoelectronic sequences, by 
another ADAS2 series program. The excited level populations art calculated at an a m y  of 
temperatures and densities in the quasi-equilibrium approximation with respect to identified 
metastables of the ion. The basic program for this is ADASZOS and it produces plots and 
tables of populations and prepares two output files. The first of  these is a file of metastable 
fiactions (MET) which is not of special interest at this stage. Secondly it produces a 
temporary 'passing' file of the complete population set for use by the program ADAS207. 
ADAS207 is a program which supports diagnostic line studies by plotting line emissivities 
and emissivity ratios as functions of temperature, density or as contours in the 
temperature/density plane. It is particularly usehl for evaluating line ratios as potential 
density or temperature indicators. The organisation, data sets and linkages betwe~n the 
programs are shown in figure 2.0. 

It should be mentioned that ADAS2 series has a second stream of advanced population 
modelling concerned with the prediction of eff'ective recombination and ionisation 
coeficients in finite density thermal plasma. Details are given in the main ADAS User 
Manual. The final stage of this second stream is production of the most refined photon 
emissivity (PEC), and generalised coflisional-radiative (GCR) data by the program 
ADAS208. This is an advanced version of ADAS205. A description of the U% of ADAS208 
is given in the last section of the present manual. 



Figtan 2.0 
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and excited state populations 
Thc pogram cdcubs excited state d -le state populrtiorrs of a salacted icm in a 
plasma of specifiad tempemtuns and densities by drawing cm firndunental ertcaey k v d  and 
rate coefficient data ficMI a specific ion file of type ADF04. 

Background theory: 
+*+I md X*z-l Consider ions x" of the element X .  The adjacent ionisation stages arc x 

Let the levels of the ion X" be separattd into the metastoble levels x;*, indexed by Grcek 
indices, and excited levels xi*', indexed by Roman indices. The collective name mctastable 
states as used here includes the ground state. The driving mechanisms considered for 
populating the excited levels x:' arc excitation fiom the metastable levels x;* and 

+:+I recombination fi-om the ground level of the adjacent ion x, . The dominant population 
densities of the ions in the plasma are those of the levels xp" and X;*+I, denoted by Np 
and N,' respectively. They, or at least their ratios are assumed known fiom a dynamical 
ionisation balance. The other dominant population densities in the plasma arc the electron 
density Ne ,  the proton density Np and the neutral hydrogen density hl, . The excited 
populations, denoted by Ni , are assumed to be in a quasistatic equilibrium with respect to the 
dominant populations. The program evaluates the dependence of the excited populations on 
the dominant populations with this assumption. 

Let M denote the number of metastable levels and 0 denote the number of excited levels, 
hereafter called ordinary levels. The statistical balance equations take the form 

f)  M 

where the dominant populations (excluding the electron density) have been taken to the right 
hand side. The c,, and cm are elements of the collisional-radiative matrix, rl is the free 

electron recombination coefficient directly to the level i and q,('*') is the charge exchange 
recombination coefficient fiom neutral hydrogen to the level i. The element c,, of the 
collisional-radiative matrix is composed as 

where Aj+i ,  qyli and q,)2i are the rate coefficients for spontaneous transition, electron 
induced collisional transition and proton induced collisional transition respectively. 

2.5.3 
j t i  j#i 

is the total loss rate fiom level i, with qj') the electron impact ionisation rate coeficient. 

The solution for the ordinary populations is 
n M 

i l l  
M 

a 4  

2.5.4 



 he ~ U I I  statistical equilibrium of all the level papulations of tbe ion X+*, that is of 
metastables as well as ordinary levels relative to metastables, may also be obtained fiom tbe 
equations 

M 0 

2.5.5 

Substitution of the quasi-equilibrium solution for the ordinary levels, q n .  3.5.4, gives 

a= I j= 1 

0 0 2.5.6 

1'1 i=l 

Solution of these equations gives an expression for the metastable populations No of the 
form 

2.5.7 

The effective contributions to the metastable population densities (excluding the ground level) 
are expressed relative to the ground population density. Note also that a full equilibrium with 

may be specified arbitrarily in establishing actual population densities. The metastable to 
ground fiactions in equilibrium if only excitation is included are the F'uc'. Substitution of 
eqn. 3.5.7 in eqn. 3.5.4 gives the ful l  statistical equilibrium population densities for the 
ordinary levels in terms of  the ground population density and adjacent ion population density. 

respect to the adjacent x +t+l ion population density is not established. The ratio NI / N,' 

M M 

With densities Ne,  N ,  and the ratios NH / Ne and NI / N,+ specified, the full equilibrium 
population densites relative to the ground level population density may be computed. 

Source &a : 

The program operates on collections of fundamental rate coeficient data called specific ion 
files. The allowed content, organisation and formatting of these files is spezified in ADAS 
data format ADF04 (appendix C). The scope of operation of ADAS205 is determined by the 
content of the specific ion file processed. The miminum content is the ion identification, ion, 
effective ion and nuclear charges, ionisation potential, an indexed energy level and level 
assignment list, a set of temperatures and a set of level to level spontaneous transition 
probabilities and electron impact Maxwell averaged rate parameters at the specified 
temperaaues. Data for upper to lower level only is required. Electron impact rate coefficients 
for both excitation and dexcitation are evaluated by interpolation at user selected values fiom 
the tabulated rate parameters in the specific ion file. Transition rate data is not nquircd for all 
possibk upper/lower kvel pairs, but the code cbecks that there arc no 'untied' levels, that is 
without populating or depopulating ptocesses. Strict energy ordering is not required in the 
specific ion fik, tbe code mrdcrs as necessary. Proton induced rates, free electron 
recoarbinatioa rates d charge exchange recombination rates may only be activated in tbc 
codt if such data are present in the specific im fik. Transition data of these types are 
identified by a singk ktter eo& m the transition data line m the specific ion fik. The codf 



satgtbetrrr#boa * *  b e ! u B i n t b t ~ i a a f l k i n d o r f # r t k w s d ~  spsciaciostilkr 
can include ~ d & t 8 f i o r ~ ~ ~ t r r c i e s d r E l e s ~ c r t c u h l o a e o f ~  
ADAS208. Such dditkmd data, if p#cat, are @wed by ADAS205. Cartrrlty mqpatd, 
specific ion data cotkctions ut archived in pmWmed data sets. The status of t h e  is 
describadintheappehdices. 

Note that ADAS205 can only make use of fbc ekctron racombiaatbn data f’r#n tht grouad 
level of the 4-t stage. Data fiom meQstabk levcts of both higher and lowor &@usnt 
stages can be Qresent in specific ion files butthe codc ADAS208 must be used to acceatkn. 
ADAS205 allows inclusion of a simple ionisation rate (ECIP approximation) 6om excited 
levels, however a self consistent thm-body recombination coefficient in detailad brlaa~e is 
not calculated or included. Nor is there any correction for higher excited levels not explicitly 
included in the specific ion file. These mm complete aspects ate handled by the d d  
excited population d e  ADAS208. Extra information, which must be present in specific ion 
files ADFM to allow these extensions are ignored by ADAS205. 

Program steps: 
These are summarised in fig. 2.5. 

Figure 2.5 

select specific Read and vellrjl Enter user Calculate 
ion file 8 )I speclfcion A > dataand * > population ’ begin * 

file selections densities 

repeat repeat 

Output tables I( . 

and€PPhs end 
. . . . . .. .. -. . . .- ._ - . 

Display %led tabular 
population < -andgraphical L( 

graphs output options 

Interactive parameter comments: 
The file selection window has the appearance shown below 

1 .  Data root a) shows the hll pathway to the appropriate data subdirectories. Click 
the Central Data button to insert the default central ADAS pathway to the correct 
data type. The appropriate ADAS data format for input to this program is ADF04 
(‘specific ion files’). Click the User Data button to insert the pathway to your 
own data. Note that your data must be held in a similar file structure to central 
ADAS, but with your identifier replacing the first adas, to use this facility. 

2. The Data root can be edited directly. Click the Edit Path Nume button frrst to 
permit editing. 

3. Available sub-directories are shown in the large file display window b). Scroll 
bars appear if the number of entries exceed the file display window size. 

4. Click on a name to select it. The selected name appears in the smaller seldm 
Then its sub-dircctorres intunrare 

displayed in the file display window. Ultimately the individual dataftks am 
presented for selection. Datafiles all have the termination .a. 

5.  OIIce a data file is selected, the set of buttons at the bottom of the main window 
become active. 

6. Clicking on the Browse Comments button displays any infmation storad with 
bre selected datafile. it is important to use this facility to find out w k  is broutiy 

window c) above the file display window. 



svrihble intbedatmct. Thepossibilityofbrowshgtt#axnmcnts appears m the 

7. Clicking dre Done button moves you fmard to the next wmdow. Clicking the 
~ m a i n W i r d m v O l s 0 .  

Concelbtrtton takes you back to the previous window 

I .'.. . _--- ....... - . . . . . . . . . . . . .  . . . . . . . . . .  -. - . 
I n .' c )  
! I 
I 
I . . .  

. . .  
i Data File: I 

! 

The processing options window has the appearance shown below 

1 .  There are three 'popup' windows for setting temperatures, densities and for 
designating metastable levels. For the temperature window a), click on the Edit 
Tuble button to open up the table editor. The editing operations are as described 
in the introductory chapter. Note that there is a set of input electron temperatures 
from the selected file. These indicate the safe range of temperatures if 
extrapolation is to be avoided. Note that altering units (which must be done with 
the table edit window activated) converts the input values and interprets the 
output values in the selected units. It does not convert output values already 
typed in. Defdf  Temputwes are inserted in the selected units on clicking the 
appropriate button. Note that the ion and neutral hydrogen temperatures are only 
used if such collisional data is present in the input ADF04 file. 

2. "he densities table is handled in like manner. Note that in this case there are no 
input density values. Thus unit changing only affects the interpretation of the 
output values created by the user. The Nfl,  and N(z,)/N(z) are only used if 
neutral hydrogen charge exchange data and free electron recombination data are 
prescnt in mput ADFW file. These ratio vectors are specified at each electron 
density so the ratio vectors and e l w  density vector are of the same length. 
That is a model is specified. By  contrast the output electron temperaaues are 
indqxnht so that final calculated populations are obtained at points of a two- 
dimtnsionalelecttontein~elcctrondensitygrid. 

3. 'Ibc Mctastabk State &lectiorrs button c) pops up a window indcxmg all the 
energy levels. Activate the buttons opposite levels which you wish treated as 
metastables. See the main ADAS USER Manual for a detailed explanation of the 
handling of metastables in the c o l l i s i i - M i v e  picture. 

dbound-boundndirrtive tmsbns,~activatedas&sired by clickingonthc 
4. VIvioUs proces%es, suppwtary to tbe pimur electron txchtion collisions 
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Yctutabk S t a b  

The output options window has the appearancc shown below 

1. As in the previous window, the full pathway to the file being analysed is shown 
for information. Also the Browse comments button is availabk. 

2. Graphical display is activated by the Graphicul Outp~r button a). This will cause 
a graph to be displayed following completion of this window. When graphical 
display is active, an, arbitrary titk may be entered which appears on the fop line 
of the displayed graph. By default, graph scaling is adjwted to match the 
required outputs. Press the Explicit Scding button b) to allow explicit minima 
and maxima for the graph axes to be insertad. Activatmg this button makes the 
minimum d maximum boxes editable. 
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Hard copy is activated by the Enable Hard Copy button c). The File name box 
then becomes editable. If the output graphic file already exits and the Replace 
button has not been activated, a ‘popup’ window issues a warning. 

A choice of output graph plotting devices is given in the Device list window d). 
Clicking on the required device selects it. It appears in the selection window 
above the Device list window. 

The Text Ourput button activates writing to a text output file. The file name may 
be entered in the editable File name box when Text output is on. The default file 
name ‘paptr.bct’ may be set by pressing the button OefarrlfjZe name. A ‘popup’ 
window issues a warning if the file already exists and the Replace button has not 
been activated. 

The Contour File button b) should be activated to write the passing file for use by 
the diagnostic line ratio program ADAS207. There is no arrangement for 
permanent storage of such fiks which reside only in a user’s file space and are 
generally pnparad for temporary immediate use. Usually in ADAS we store 
such temporary ‘passed fiks’ in apaFs sublibmy. You should create this at the 
f h t  kvel within the ad8s chtabmc 8s 

By defbuh ADAS205 sends the contour file to 

”be METPOP Fi& button b) should be rctivrted to write a passhg file of 
metast&kpqndatbfnctions. Itisof~fkmrtADFllandcrrnbeuarAm 

/..... /<*/a- 

A.... / ~ * / . @ ~ o w . p n s s  
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8. 

9. 

ion- biartiar gplidons of ADAS d e s  prozpraa it gm by 
defiwhinto 

’)[he gnph is displayed in a following Graphical Output when the Donc kntoa 
isprwsad. 

Tbe graph has at its foot a Done button, and possibly Ncxtand h i o w  buttons if 
there is a sequence of graphs to be displayd. A Print button is 8lso present if the 
Ermble HardCopy button on the previous window was activated. 

/...../<U* / I @ - . -  

1O.prtss the Next button to show the next graph in a sequence and the Prcviowt 

1 1. Press the Print button to make a hard copy of the cumntly displayed picture. 

12. Pressing the Done button restores the previous Output Options window. 

button to show the previous graph. 

Illustration: 
The output fiom the program is shown for the lithium-like ion O+? The specific ion file is 
assembled fiom the data of Sampson and co-workers. 

Figure 2.5a 
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The tabular output is shown in table 2.5. 

Table 2.5 

INDCX 
1 
2 
3 
4 
8 
a 
? 
d 
0 
10 
11 
111 
1s 
14 
19 
18 
17 

1. 
ia 

AMS RKLLILGB: m 9 1  v l . 0 1  m: -205 V1.0 DATX: 26/05/93 TI-: 16:14 ........................... p o m ~ 1 -  m-: -205 . m n :  2 6 / 0 5 / 9 3  ........................... 



1 

2 

3 
4 

5 

6 
7 

8 
9 
10 

11 

12 
13 

14 

1s 

16 

17 

18 

19 
20 

21 

22 

23 

24 

1 
1 
1 

1 
1 
1 

1 

1 

1 

1 

0 . ) )  
0 . ) )  

1.S) 

0 .S )  

0 .I) 
1.S) 

1.1) 

2.5) 

0 . 5 )  

0 . 5 )  

1.S) 

1.S) 
2.5) 

2.5) 
3.S) 

- -  COPME IIW --: ( T l ~ T P ~ W i )  - -  
1- ocolvin) (.VI (-e&) 
-__-___.-_---___-__----------------------------- 
1 1.800+04 1. SSD+00 5.00D+02 

2 3.600*04 3,10D+00 lI0OD+03 

3 7.20W04 6.200+00 2.00D+03 

4 1.8otk05 1. SfD+Ol 5.OOD+O3 

5 3 .  60D+OS 3.lOD+Ol l.OOD+OI 

6 7.2W05 6.200*01 2.00ch04 

7 l.OOW06 1. 5SD+02 5.00D+04 

0 3.6-06 3.100+02 1.00D+05 

0. 
96377. 

96909. 

640009. 
666185. 

616365. 

674995. 

67SM2. 

8S2529. 

063191. 

863267. 

a67030. 

067050. 

868022. 

868032. 

948412. 

953761. 

953790. 

955738. 

955748. 

956201. 

956205. 

956672. 

956674. 

0. ooooooo 
0.8702492 

0.0831017 

5.03220% 

6.0707356 

6.0723750 

6.1510156 

6.1514457 

7.7688343 

7.8659930 

7.0666846 

7.900973a 

7.9011-2 

7.9100145 

7.9101038 

8.6425836 

8.6913238 

8.6916637 

0.7093432 

8. 7094334 

8.7135633 

8.7136034 

8.7170535 

8.7178736 

1114000. 

1017623. 

1017091. 

473991. 

447815. 

447635. 

439005. 

438958. 

261471. 

250809. 

250733. 

246970. 

246950. 

245978. 

245968. 

165588. 

160239. 

160202. 

158262. 

158252. 

157799. 

157795. 

157328. 

157326. 

10.1515370 

9.2732678 

9.2684199 

4.3193260 

4 -0807926 

4.0791523 

4.0005099 

4 - 0000816 
2.3827003 

2.2855409 

2.2848484 

2.2505574 

2.2503751 

2.2415176 

2.2414265 

1.5089496 

1.4602060 

1.4598688 

1.4421902 

1.4420991 

1.4379710 

1.4379346 

1.4336790 

1.4336607 



TABLE K I Y :  

- - - - - - - - - -  
NE - MCI'RO?fDIDSSITY 

TR -BLcmRoNTmPRRARIRB 

I -ENxRGY L B n L I N D M  

INBT -METASTABU INDOX 

IORD - ORDIMARY LEVEL I N D X  

NUMEBR OF PRO'TON ICIPAm COLLISIOWS INCLUDED- 0 

NUMEBR OF -8 8LCCTRm IUMWIYATIONS  IMCLUDKD - 0 

NWBBR OF CIURGB 8XQIAK;B RB-INATIONS 1)ICLUDKD - 0 

NE(m-3)- 1.00008*13 3.00008*13 1.00001*14 3.00001*14 1.00001*15 3.00001*15 1.00001*16 3.00001+16 1.00001*17 
-----------------------------------------------------------------------------------------------------------.------.-----. .---. .---.-  
Bgv IL IBRIm MRTXX'ABLH POPUIATIOU DBPENDPSCE ON DPSSITY AT II - 1.5SB*OO N - l.001*04 KBLVIW 

Im I 

1 1 1.00008*00 1.00001*00 1.0000B*00 1.00001*00 1.00001*00 1.00001*00 1.00001*00 l.OOOO~+OO 1.00001*00 

P O ~ T I O N  DBPK#DBNCB ON DBNSITY AND I3gpAsTABLH 1 

IORD I 

1 2 6.19978-07 1.85478-06 6.12181-06 1.7868B-05 

2 3 1.16578-06 3.48771-06 1.15181-05 3.36638-05 

3 4 2.21811-28 6.65816-28 2.22391-27 6 70921-27 

- 4- ?I 1.1908Z-30- 6.. 80411~-30 2. 53509-ZJ -9.80781-29 
5 6 4.29941-30 1.33511-29 4.97181-29 1.92241-28 

6 7 1.68811-30 5.168811-30 1.84361-29 6.52878-29 

7 8 2.51541-30 7.70191-30 2.74681-29 9.72701-29 

8 9 2.76271-36 8.27941-36 2.75071-35 8.17801-35 

9 10 1.59038-37 4.92301-37 1.81461-36 6.04161-36 

10 11 3.15328-37 9.75971-37 3.59598-36 1.35481-35 

11 12 1.71941-37 5.26133-37 1.87411-36 6.6164B-36 

12 13 2.57241-37 7.87261-37 2.80341-36 9.89551-36 

13 14 1.28571-37 3.90221-37 1.35391-36 4.52601-36 

14 15 1.71611-37 5.10831-37 1.80661-36 6.03661-36 

15 16 7.92968-40 2.35061-39 7.54001-39 2.07481-38 

16 17 0.58431-41 2.69211-40 1.02191-39 3.19411-39 

17 18 1.70411-40 5.14631-40 2.02931-39 7.73553-39 

10 19 1.00401-40 3.31901-40 1.18591-39 4.22751-39 

19 20 1.63021-40 4.99061-40 1.70091-39 6.33461-39 

20 21 1.30491-40 3.96561-40 1.38351-39 4.73021-39 

21 22 1.739~1-40 5.2067c-40 1.84431-39 6.30431-39 

22 23 1.99511-41 6.06921-41 2.11921-40 7.20001-40 

23 24 2.49208-41 7.57913-41 2.64511-40 0.90311-40 

5.44231-05 

1.02901-04 

2.27511-26 

5.54781-20 

1.08771-27 

3.21711-28 

4.79691-28 

2.67211-34 

3.62451-35 

7.17601-35 

3.24371-35 

4.85251-35 

2.07551-35 

2.76631-35 

5.91938-38 

1.05931-38 

3.69411-30 

1.09861-30 

3.13621-30 

2.33161-30 

3.lOS31-30 

3.47433-39 

4.32041-39 

1.31201-04 

2.49311-04 

7.06571-26 

3.00471-27 

6.05911-27 

1.63051-27 

2.43681-27 

7.90801-34 

1.79691-34 

3.56191-34 

1.63191-34 

2.44381-34 

1.12121-34 

1,49491-34 

1.64081-37 

7.16931-30 

1.56451-37 

1.04391-37 

1.5S941-37 

1.273S1-37 

1.69511-37 

2.22971-30 

2.77098-38 

2.59781-04 

4.96041-04 

2.47761-25 

1.70681-26 

3.51851-26 

9.32651-27 

1.39771-26 

2.695211-33 

8.82091-34 

1.75161-33 

9.18441-34 

1.37681-33 

0.36241-34 

1.11631-33 

6.24961-37 

3.73761-37 

7.44141-37 

5.70001-37 

8.64731-37 

7.12131-37 

1.041S1-36 

2.70231-37 

3.47033-37 

3.61171-04 

6.91231-04 

7.56471-25 

6.00221-26 

1.35611-2s 

3.87621-26 

5.01531-26 

8.20011-33 

3.11171-33 

6.19071-33 

3,01701-33 

5.72301-33 

4.44751-33 

5.93661-33 

2.27151-36 

1.44411-36 

2.07101-36 

2.30428-36 

3,57111-36 

3.37571-36 

4.49711-36 

2.59091-36 

3 ,24271- 31 

4.1.401-04 

8.01551-04 

2.36921-24 

2.40901-25 

4.74641-25 

1.10741-25 

2.41011-25 

3.03101-32 

1.23301-32 

2.4S321-32 

1.71011-32 

2.16331-31 

2.20311-32 

3.04531-32 

9,B4291-36 

6.37231-36 

1.27051-35 

1.079511-35 

1.61111-31 

1.15601-35 

2.07398-35 

1.972S8-35 

2.44791-3s 

, 



LmBL - 1 - SgUILImrn mHlLwIQ _-__--_._-_.---_.__--------.------- 
11 (01 -3)  1.0-13 3 . m 1 3  l.OUD+M 3.0-14 

( W )  ___-___----_-----_.------------------------ 
l.SSD*08 ’ 1.00D+00 1.ooLh00 1.000*00 1.ooD+oo 
2.0OD*oo 8 1.000*00 1 . ~ 0 0  1.000*00 1.ooD+oo 

3.0oIhOO * l.OOD+OO l.OQD*OO l.OOD+OO l.OOD+OO 
S.OOzkO0 1.000*00 l.OOD+OO l.OOD+OO l.OOD+OO 
7.000+00 1 . OOD+OO 1. ooD*oO 1 . OOD+OO l.OOD+OO 
l.OOD+Ol l.OOD+OO l.OUD+OO l.OOD+OO 1.OOD+OO 

1.SOLhOl 1 l.OOD+OO l.OOD+OO l.OOD+OO l.OOD+OO 
2.003)+01 l.OOD+OO l.OOD+OO l.OOD+OO l.OOD+OO 

3.000+01 l.OOD+OO l.OOD+OO l.OOD+OO l.OOD+OO 
S.OOD+Ol l.OOD+OO l.OOD+OO l.OOD+OO f.OOD+OO 

7.00bOl a 1.OOLhOO l.OOD+OO l.OOD+OO l.OOD+OO 
1.000+02 a l.OOD+OO l.OOD+OO l.OOD+OO l.OOD+OO 

l.OOD+lS 
I - - - - - - - - - -  

1. ooo*oo 
1 * ooD*oo 
1. o m o o  
1. ooD+oo 
1. OdIkOO 
1. ooD+oo 
1. ooD+oo 
1.00D+00 

l.OOD+OO 
l.OOD+OO 

1 .OOD+OO 
l.OOD+OO 

3.0oD+x5 
- - - - - - - - - -  
1. ooaoo 
1.00D+00 

1. oOD+oo 
llOOD+OO 
1. ooD+oo 
1 - OOD+OO 
1. ooD+oo 
l.OOD+OO 

1 . OOD+OO 
1. ooD+oo 
1. ooD+oo 
1. ooD*oo 

1.0QD+16 
- - - - - - - - - -  
1. ooD+oo 
1. om+oo 
l.OOD+OO 
1 .OOD+OO 
1. ooD+oo 
1. oOD+oo 
l.OOD*OO 

1 . OOD+OO 
l.OOD*OO 

1 .OOD+OO 

l.OOD+OO 
1 . OOD+OO 

3.0ockl6 
------_--- 
1. OaLkOO 

1. ooD+oo 
1. ooD+oo 
1. ooD*oo 
l.OOD+OO 
1. ooo*oo 
1. oozkoo 
1. ooo*oo 
1 .OOD+OO 

1. ooD*oo 
l.OOD+OO 
1 . OOD+OO 

l.OOD+17 
. . . . . . . . . . . . . . . . . . . .  
1. ooD+oo 
1. oolkoo 
1. ooD+oo 
1. ooD+oo 
1. ooD+oo 
1. ooD+oo 
1. ooo+oo 
1. ooD+oo 
1. ooD+oo 
1. ooD+oo 
1. ooD+oo 
1 . OOD+OO 

1. SSD+OO ’ 
2.00D+00 

3.000*00 

3.00D+00 ’ 
7.00D+00 * 
1 . OOD+Ol ’ 
1. SOD+Ol 
2.000+01 a 

3.00D+Ol 

S . OOD+Ol ’ 
7.000+01 

1.00D+02 ’ 

6.20D-07 

3.lOD-06 

1.06D-05 

7.19D-05 

1.220-04 

1.13D-04 

2.160-04 

2 33D-04 

2.43D-04 

2.38D-04 

2.290-04 

2.16D-04 

1.OSD-06 

9.26D-06 

5 . I ? D - O I  

2.1SD-04 

3.6SD-04 

5.l.D-04 

6.46D-04 

6.99D-04 

7.27D-04 

7.15D-04 

6.07D-04 

6.48D-04 

6.12D-06 

3.060-05 

1. WD- 04 

7.14D-04 

l.2lD-03 

1.720-03 

2.150-03 

2.323)-03 

2.42D-03 

2.36D-03 

2.29D-03 

2.160-03 

1.79D-05 

0.96D-05 

5.42D-04 

2.110-03 

3.5931)-03 

5.lOD-03 

6.383)-03 

6.91D-03 

7.20D-03 

7.09D-03 

6.82D-03 

6.44D- 03 

5.44D-05 

2.76D- 04 

1.693)-03 

6.663)-03 

1.14D-02 

1.6u)-02 

2. O6D- 02 

2.24D-02 

2.34D-02 

2.3lD-02 

2.233)-02 

2.11D-02 

1.3lD-04 

6.79D-04 

4.290-03 

1.74D-02 

3.040-02 

4.43D-02 

5.65D-02 

6.20D-02 

6.56D-02 

6. SSD- 02 

6.35D-02 

6.03D-02 

2.600-04 

1.39D-03 

9.29D-03 

4.020-02 

7.280-02 

1.lOD-01 

1.46D-01 

1.63D-01 

1.780-01 

1.82D-01 

1.79D-01 

1.730-01 

3.61D-04 

1.99D-03 

1.40D-02 

6.42D-02 

1.2lD-01 

1.91D-01 

2.65D-01 

3.07D-01 

3.48D-01 

3.72D-01 

3.75D-01 

3.700-01 

4.18D-04 

2.350-03 

1.693)-02 

I .  12D-02 

1.58D-01 

2.570-01 

3.73D-01 

4.44D-01 

5.24D-01 

5.87D-01 

6.lOD-01 

6.21D-01 



ADAS207: Metastable and excbd'population - 
process line emissivities 

Background theory: 
Consider emissivities of spectrum lines arising fiom a singk hisation stage. Ratios of such 
lines arc frcquently used as temperature, density or transient state diagnostics in plasmas. ?he 
primary advantage of sceking such ratios of lines fiom a single ionisation stage is that they arc 
independent of the stage to stage ionisation balance (often uncertain). In g e n d  it is matter 
of some investigation to identify the most diagnostically usefbl ratios. The present prognm is 
designed to aid such investigation. 

A necessary preliminary to evaluating line emissivities is a calculation of populrtions of 
excited states of the ion as a function of plasma parameters. This is provided by ADAS205 
which must be executed before ADAS207. In practice, problems of line blending and the 
spectral resolution of spectrometers mean that it is useful to work with line groups rathet than 
just individual lines. A line group is a set of lines conveniently or necessarily measured 
together. ADAS207 deals with two line groups which arc built up by the user in the data 
entry section of the code. 

From equation 2.5.4, the solution for the ordinary populations is 
M 

2.7.1 

arc the effective contributions to the excited populations wherethe F' , , 
fi-om excitation fiom the metastables, from Free electron capture and h m  charge exchange 
recombination fiom neutral hydrogen respectively. All these coeficients depend on density 
as well as temperature. The actual population density of an ordinary level may be obtained 
fiom them when the dominant population densities arc known. 

Consider a set of  individual lines, or line group, G with upper levels and lower levels 

JG.  Let A,+J be the spontaneous emission coefficient for the line i -+ j .  Then the 
composite emissivity for the line group is 

(exc) F ( m c )  and F , ( ( X )  

2.7.2 

c x p d  in terms of the ratios No / N, , N,* / N,  and NH / N I .  The photon emissivity 
coeficient for the line group is E, / NeN1. The coefficient depends on electron density and 
temperature in general. Ratios of line group emissivitits cancel the leading N,N, 
dependence. The d e  preparts and operatts primarily with a ratio E,, / EG2. 



t 1 I ---- 1 I___----_- 

Interactive parameter comments: 
The fk selection window has the appearance shown below 

1. The program requires selection of the ‘contour’ data file prepared as output fiom 
ADAS205 (see description of ADAS205). There is no arrangement for central 
ADAS storage of such film which reside only in a user’s file space and are 
generally prepared for immediate use. Usually in ADAS we store such 
temporary ‘passed files’ in a p s  sub-library. You should create this at the fust 
level within the adas database as 

to which the program looks by default. 
1.. .. ./< uid>/adas/pass 

-- - - . _- Iv‘ ADAS207 INPUT 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I--_ -.----I- - --7 

Input CONTOUR PASSING FILE 

____ - - - - 
[Central data j i -User data , 1. I Edit Path Name - __ 

. _- . . . .  .......... - - . . . . . . . . .  __ __ 
I contour.paes - .... ...... - . 
L- - -. ............... 

~- ........ - ........ ............ -. .......... 

I . .  
! 
; contour.paes 

! .  
! 

Data File i 

I 

i 



b) 

. . . . . . . . . . .  

1 .  Select Non-equilibrium or Equilibrium conditions by clicking the 8pproprinte 
case in the list a). The selection made is shown in the selection window above. 
Note that a non-equilibrium choice is only meaningful if there is more than one 
metastable. The metastables selected in the ADAS205 run arc shown in the 
adjacent window b). This window becomes active when non-aquilibrium 
conditions are selected. The values to be entered for each metastable is a 
multiplier on the equilibrium metastable population. Thus 1.00 for each 
metastable gives the equilibrium case. 

. .... .................. - __ _. .. . . . . . . . . . . . . .  . .  _- - 
IIV: 
1 2  ..... . . . . . . . . . . . . . .  _I;rwbol !!w Pmarb C! . 

. . . . . . . . . . . . . . .  . . . . .  . .  ~ I , - ~  
1 

! 

! 

I 

I 

! 
f 
i 

I 
! 

i 

1 
I 
I 
! 

i 

i 

! 

i 

I 

' 

i 



3. Each group is assanbled by clicking 011 the appoPiataSi?ktion button c) or 
d). A lpcw window is presented with all available transitions listed. This is 
&own above. Clicking 011 the button alongside a bran~ition a) allows it to be 
sclect4d ordc-selectad. 

The output options window appearance is shown below. 

1. The limits of the calculated line group ratio arc shown on the output window a). 
It is important to check this range. Subsequent plots may be selected as 
logarithmic and it is easy to obtain vanishing line ratios by choice of abnormally 
low temperatures in the ADAS205 run. in these cifcumstances meaningless 
contour plots may be produced. 

._ - - _- - __ .- - - --_ __ - . 
I I  

i i  
! Spectral Line Intensity Ratio range : 0.000D+00 - 6.414D+00 

! 
i ;  

I I 
I ,  I ----- - _- - __ - __ _- -- - - . . - - - _. 

,-- 
I ,--e Diagnostic Contour Plot o f  Spectrum Line Ratios in TempIDensity Plane I 

2 
L 

Spectrum Line Ratios againrt Temperature for a given Density 
Spectrum Line Ratms against Densitt for a given Temperature 111 J 

; A-_. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - ....................... .... .. __ 
b p  ; i , , r--I---._.--_-_-._ ...................... .............................................. ~ , , 

,Y Contour Spacing 

c . . . .  _ ,  : !  - . . - - . __ I .  

I yiLinear i 

I , !  

Logarithmic I 
--- -_- ?XI I j 

I i i piLinear 

Logarithmic I 

?Xr I I 
i i !  

Contour Valuee Contour Interpolation 

bog arithm ic ______ __ (I 
'INDEX 

1 l.OOD+OO ~ __ __- - . - 
2 
3 
4 

I 

L_______-__ .-- 
r---- 

--- -- - --- 
--._ . _. ____ __ __ . 

, Edit Table 

I Linear 
I Logarithmicl 

- ....... -- 1 -  

2. lhept act three distind types of plot of tht line ratjo allowed b), namely contours, 
plots asafimction oftanpaabun dplotsas afimctian of dalsity. Click on the 

to this choice. 
8ppmpimbutton. ' Ibefintheroptionsselectionwin&wc)ch8ngcs~ 



Illustration: 
ne output f+om the program is illustratad fot the ion 0+5. F ~ ~ U W  2.7a shows I amtour piot 
on the tempcrature/&nsity plane of the emissivity ratio 
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4 I 

5 1 
6 1 

7 1 

8 1 
9 1 

10 1 

11 1 

12 1 

13 1 

14 1 

1s 1 

16 1 

17 1 

18 1 

19 1 

20 1 

21 1 

22 1 

23 1 

24 1 

Wles. 6.0707356 447815. 4. em7926 

4.0791523 666365. 6.0723758 447635. 

674995. 6.1510156 439005. 4.060509) 

2.5) 
0,s)  
0 . 5 )  

1.5) 

1.51 

2.1) 

2.5) 

3 .S) 
0 . 5 )  

0 . 5 )  

1.1) 

1.5) 

2.5) 

2.1) 

3.1) 
3 .SI 
4.5) 

W S 0 4 2 .  6.15M57 

852529. 7.7688343 

863191. 7.8459938 

863267. 7. 8666846 

817030. 7.9009738 

867060. 
868022. 

868032. 

948412. 

953761. 

91379s. 
955738. 

955748. 

956201. 

956205. 

956672. 

956674. 

7.9011S42 

7. 9100145 

7.9101030 

8.6425836 

8.6913238 

8.6916637 

8.7093432 

8.7094334 

8 .  7135633 

8 .  7136034 

8 .  7178635 

8. 7178736 

4.0000816 438938. 
261471. 2.3827003 

2.285W09 210809. 

250733. 2 - 2848484 
246970. 2.2505574 

246930. 

245978. 

215%). 

165588. 

160239. 

160202. 

158262. 

158252. 

157799. 

157795. 

157328. 

157326. 

INDEX - -  NE: -0NDmITIBS - -  
(ca-3) (r.duced1 

_ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - _ _ - ~ - - - - - - - - - - - - - - -  
1 l,OOOD+13 3.572D+07 

2 3.000D+13 1.072D+08 

3 1.000D+14 3.5723)+08 

4 3.000D+14 1.072D+09 

5 1.000D+15 3.572D+09 

6 3.000Ik15 1.072IklO 

7 l.OOOtk16 3.572D+lO 

8 3.000D+16 1.072D+ll 

9 1.000D+l7 3. S72D+lI 

2.2503751 

2.2415176 

2.2414265 

1.5089496 

1.4602060 

1.4598688 

1.4421902 

1.4420991 

1.1379710 

1.4379346 

1.4336790 

1.4336607 



SBCQND CUMSQSITB LINB GROUP ASS#BLY - S P m t M  LIWI I ~ S I T I B S  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nx (QI-3) 1.00D+13 3.00D413 l.OOD414 3.00D*14 1.00Dtl5 3.00D+15 
TB ( LCI ILVIN ) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1.8OD+04 ’ 1.150-19 3.53D-19 1.26D-18 4.45D-18 2.19D-17 1.llD-16 

2.32D404 ’ 1.9l.D-14 5.85D-14 2.070-13 7.22D-13 3.47D-12 1.74D-11 

3.48D404 ’ 1.79D-08 5.45D-08 1.9lD-07 6.513)-07 3.OlD-06 1.48D-05 

5.80D+O4 9.82D-04 2.98D-03 1.03D-02 3.44D-02 1.52D-01 1.210-01 

8.120+04 1.00D-01 3.03D-01 1.05D*OO 3.44D+00 1.47D+Ol 6.83D+01 

1.160405 3.07D+00 9.3OD+OO 3.190+01 l.O1D+O2 4.32D+02 1.95D+O3 

1.74D+05 1 4.19D+Ol 1.270407 4.32D*02 1.39D+03 5.63D*03 2.460+04 

2.32D405 ’ 1.50D402 4.52D+02 1.54D+03 4.90D*03 1.96D*O4 8.390+04 

3.48D405 ’ 5.11D402 1.54D403 5.24D403 1.66D+04 6.49DeO4 2.71D*05 

5.800+05 ’ 1.28D403 3.86D403 1.3lD+O4 4.11D404 1.58D*05 6.41D*05 

8.12D405 1 1.83D403 5.50D+03 1.86D404 5.83D+O4 2.22D*05 8.890*05 

1.160+06 2.31D403 6.963)+03 2.350+04 7.35D+04 2.78D*05 1.1OD+06 

1.00D*16 3.00D*16 
. - -_- . - - -_-_-___._-- .  
6.36D-16 2.64D- 15 

1.OlD-10 4.2.D-10 

8.75D-05 3.81D-04 

4.33De00 1.96D+01 

4.1lD402 1.910+03 

1.17D*O4 5.57D+04 

1.470+05 7.19D605 

4.99D*05 2.48D*06 

1.59D+06 8.06D*O6 

3.71D+O6 1.92D*07 

5.10D+06 2.66D*07 

6.23D*06 3.28D+O7 

l.OOD*ll 
. - - - - - I * - - - - - - - - . . - *  

l.’liD*Ol 

9.89D+05 

7,13D*O6 

3.42D+O7 

6.64Dr07 

l.O8D+O8 

1. SfD*08 
l.O7D+OO 

2.21D+OO 

2.47D108 

2. SfD*OI 

2.61D408 

1.00D*17 
.---. .-------------- 
1.lOD- 14 

1.78D-09 

1.6OD-03 

8 .  41D*Ol 

0.36D+O3 

2. IOD+05 

3,33D*O6 

1.17De07 

3.92D*07 

9.64D*07 

1. fSD*O8 

1.72D*O8 

spIcFRar LIBB xmms~n RATIO 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BB ((34-3) 1.00D*13 3.00D413 1.00D414 
11 (ItaVII)--------------------------------- 

1.OOD+O4 2.27D421 2.22D+21 2.OSD*21 

2.3ZD+04 I 6.0-16 6.67D416 6.22D*16 

3.48D+04 B 4.37D+ll 4.30D+ll 4.060+11 

5.000*04 3.OOD407 3.04D407 2.9lD+07 

8.120*M 5.120*05 5.073)+05 4.87D+05 

1.16D+OS * 2.37D+04 2.350+04 2.210+04 

1.7-05 2.17D+03 2.150+03 2.09D+03 

2.32D405 6.56-02 6.51IkO2 6.350*02 

3.4-05 2.000*02 3.99DeO2 1.9uk02 

5.000*05 ’ 7.0ukOl 7.00IkOl 7.660401 

0.12IkO5 * 5.2OD+01 5.26-01 5.17D+01 

1.16D+06 3.9ukOl 3.92D+Ol 3.06D+01 

3.00D414 
- -_------- .  
1.69D+21 

5.23D+16 

3 .  SOD411 

2. SOD407 

4.39D405 

2.07LkO4 

1.9-403 

5.93D+02 

1.030*02 

7 .2lD+Ol 

4.93D*01 

3.6-01 

1.00D*15 3.00D+15 
. - - - - - - - - - - - - - - - - - - -  
1.04D+21 4.97D+20 

3.350+16 1.640+16 

2.37D*11 1.22D+11 

l.OSD+Ot 1.02D+07 

3.26D405 l.OfD+OI 

1. S9D+04 9. 5fD+03 
1. 54D+03 9.67D+02 

4.8lDeO2 3.1lD*02 

1.52D+02 1.020*02 

S.lfb+Ol 4.3-01 

4.23D*01 3.00D*01 

3.200*01 2.3lD+Ol 

1.00D+16 
- - - - - - - - - -  
1.72D+20 

5. 8OD615 

4.47DelO 

3,91D+O6 

7.4SD*04 

3.9SD403 

4.16D*02 

1.38De02 

4.7-01 

2. OIDeOl 
1.48D+01 

l.lfD*Ol 

3.OOD*16 
----.----- 
I. 75D419 

1.96D*lS 

1.54D+10 

1.30D+06 

2.67D+OI 

1.44De03 

1. SSD402 

5.22h01 

1.82mOl 

O.l7D*OO 

5. 94D+OO 
4.7cckOO 

1 .OOD*17 
.---.--------------- 
1.6lD419 

5. 57D*14 

4.460609 

4.07D405 

7. m * 0 3  

4.13D*02 

4.72D+Ol 

1.6oD+01 

S .  63D+OO 

2, S6D+00 

1. 8OD*OO 
1. S2bOO 

! 

! 





Ionisation balance 

The programs of series ADAS4 are concerned with the distribution of atoms between their 
ionisation stages. The key data required to establish this ate effective recombination and 
ionisation coefficients between ions. Associated data arc the total radiated power and its 
components by ions. The main storage of data of this type, ready for applications, called is+ 
nuclear masterflles in ADAS, is by iso-nuclear Sequence and they may be in a resolved 
metastable picture or in an unresolved (stage to stage) picture. These data sets are of type 
ADF11 and necessary subtypes in this picture are general collisional radiative ionisation 
coefficients (SCD), fiee electron recombination coeficients (ACD), charge exchange 
recombination coeficients (CCD), h e  electron recornbination + cascade + bremsstnhiung 
power coefficients (PRB), charge exchange recombination + cascade power coefficients 
(PRC), low level line power coefficients (PLT), metastable cross coupling coefficients (QCD) 
and parent cross coupling coefficients (XCD). In addition, archiving of the radiated power in 
one standard resonance line for each ionisation stage (PLS) is useful. 

ADAS4 series provides an ionisation equilibrium model, program ADAWOS. It operates in 
the resolved or unresolved pictures. The primsry output of ADAS405 is ionisation balance 
fractional abundances as functions of  temperature and density. It can however produce 
radiated power functions and has an advanced capability for computing emission functions 
(and their composition). It addresses this by drawing on collections of emission cocficient 
data fiom the ADAS database (type ADFlS, called 'pec'data - see the main ADAS User 
Manual and the last chapter o f  this manual). 





ADAS405: Equilibrium ionisation - process 
metastable populations and emission functions 

Background theory: 

Consider the evolution of  populations of ions of an element in a plasma. For an ekmcnt x 
of nuclear charge z0, the populations of the ionisation stages arc dcnotcd by 

Wr) : 2 = 0, ..., 2 0  3.5. I 

The time dependence of the ionisation stage populations is given by the equations 

This is called an unresolved or stage to stage picture. The coefficients are the (ordinary) 
collisional radiative coefficients. In equilibrium ionisation balance, the time derivatives arc 
set to zero and the stage populations are the solutions of  the matrix equation 

3.5.3 

subject to the normalisation 

3.5.4 

where &, is the number density of ions of element x in any ionisation stage. The 
equilibrium fractional abundances N ( r ) / & ,  at a set of tcmperatutes and densities arc 
sought. The code accesses standard isonuclcar mastcr file data of type ADFJ I to obtain the 
coefficients of equations 3.5.3. In practical solution of the equations, note must be taken of 
the very small fractions which can obtain for ionisation stages distant from the dominant 
ionisation stage at a given temptraturt and density. Therdbtt the progressive eliminrrtion 
aIgorithm for the triagonal matrix equations is performed towards the dominant ionisation 
stage fiom both thc neufral and fully ionisad stages to avoid overflows rather than the usual 
'single pass'. 

F m  the equilibrium stage population solution, the tofd radated power ftncrion Pw, is 
calcuw as 



t 

t-0 
& 

33.5 

with separste rcdioted p w r  c e ~  (P) c m t r i i  arising tiom low level line 
power, ncombimtion=hss!rahlmg~ power and charge exchange recombination 
power. A b  Cantribution fiurdions to line emission known as G(Td functions may be 
evaluated for arbitrary lines as 

The E,+, arc called photon emissivitjJ c-ients (c.f. PCC coefficients in the metastable 
resolved case - six the descriptions of ADASS03 and ADAS208 in the last chapter) They 
occur in independent parts &Ej,  E,+ and &Ej, distinguished by the driving process. 

)rcC 

Tbt rcrohed case: 

Properly, although the populations of excited states may be neglected compared with those of 
metastable and ground states of ions, it is not c o w  to combine the ground and metastable 
populations into a single stage population in the time dependent equations. This is because 
ground and metastable populations may have comparable populations and evolve on similar 
timescalcs. The ground and metastable populations 

N f )  : z = 0 ,..., z,, ; p = 1 ,... MZ 3.5.7 

where Mz is the number of metastable states (including the ground state) of ionisation stage 
2 ,  should be treated separately The time dependence of the metastable populations is then 
given by the equations 

3.5.8 

where thm is such an equ&tian fixeach 2 and p. Thk is callad a m&ec?or generalised 
picture. "be coefficients are the generalised collisional miiative coefficients. In equilibrium 
IoIIlsQtH)I1 balmce, the time derivatives are set to zero and the metastable papulations arc the 
. . .  
30~0fthcpsrtitHntedmatrixequrtions 



3.5.9 
which must be interpretad fm the rnetastabk resolved case. Each ekment of the matrix in 
eqns. 3.5.9 is now itself a matrix extending over the mctmtabk scts of the ionisation stage 
involved. Thus 

L' *J 
and 

1 
J 

where the index p: 1,. . . , MO spans the metastables of stage 0 and 
metastables of stage 1 .  Also 

L* . 

3.5.10 

3.5.1 1 

ml, ..., M, spans the 

3.5.12 

Similar definitions apply for the a,, (I-+') , X('+') (.fl etc. AIW the population vector is 

and the normalisation 

3.5.13 

3.5.14 



witb m n t n i i  arising fkam low level line power, rccumbination-bmnsstdlmg~ 
power aad charge exchange recombination power. A b  umtriktbn hctions to lme 
emhian known as G(TS hctions may be evaluated for arbitrary lines as 

M. 

3.5.16 

(cf. the description of ADAS208 in the last chpater of this manual). In practice, there may be 
very many choices of G(Td fiurctims of interest. 

Program steps: 
These are summarised in figure 3.5. 

Figure 3.5 

I 

j 
I repeat repeat 
I 

' Display fkac. 'Select tabular 

output options 

: Calculateall 

entries 
__ - -_ _- - -- script file +-- - +  abund., power e- - - and graphical If- 1 output tablet3 

--- - __ ._ - - 
or mntrib. fn. 

~ . - - - - - - __ - - 
I andgraphs 
L - - - 1  __ _ _  - . _ _  

Interactive parameter comments: 
The program which makes use of  data from archived ADAS datasets initiates an interactive 
dialogue with the user in three parts, namely, input data file selection, entry of user data and 
display/disposition of output. 

The flle sekction window appears first as illustrated below 

1. TWO types of data file are identified in the file selection, namely, the iso-nuclear 
master files required for the ionisation balance and power calculations and the script 
file. The top part of the file selection window is concerned with identiwing the 
master file data required and the lower part with identifying the script file. 

ADFl1 is the appropriate data format for use by the program ADAS405. Your 
personal data of this type should be held in a similar file structure to central ADAS, 
but with your identifier replacing the first &. The central ADAS database has 
extensive data of this form and the collection is steadily being extended. It is also 
subject to periodic revision as the influences of improved fiurdamental data are 

Click on the Meet button at (a) to drop down a selection list of master file data 
cbtsscs, Activate dre buttom at the data classes required for your analysis. It is 
obligatay to select the ' a d  and 'scd' electron impact effective recombmation and 
ionisatiopI data clas!?cs since othcnmc a n ~ i s a t i a r b a l a n c e c a n n o t ~ .  
However the 0 t h  data classes sekcted arc at the user's &&e. This enabks 
bv- rrhdi# of the impartlrmx of differart c4mtri- fop empk to 
ndirosdpwer. 

2. 

eomputEd- 
3. 



5. The remainder of tbe file iderrtification (c) follows the general pattm~. Note rhrt 8 
default year must be specificd. often the compka set of data classes for 8 pnticuk 
year and type an not availabk and the capability of filling in fi.om a defiult 
less accurate but more complete) year is allowd. 

I : :  
j <  
, I  

I 

Y6Uddata : o m  
I 

. ......... 

I ’  j D r p L y Q t r r s t ~ v u h h b t y  
. , . C  

: i  . . .  _ _  
L .... - . - . . . . . . . .  

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

‘ I  Inprt&e.ndAnaly8mSekcmnpiL :- 

--_ ............ - ................... : i  

, 

C 

. . . .  L . . . .  -~ . . . . . . . . . . .  . .  
.... - . .^ .... ! 1- __ ...--_I .. -.__. ............. 

6. In general the two digit year number is used to provide the main groupings of data. Thus 
‘89’ is the standard, unresolved, JET base line data of low precision but Wly complere. 
‘93’ is metastabk resolved data, but availabk only for light ekmcnts of primary 
impartancc to firsion. Some flexibility fot subdivision within a year is provided by 
allowing a WO character ‘ m u n k  prefix’ (e. ‘pj’) whicb may be peserrt in bre find part 

between srmdard a d  partial master file types and rwoived and 7. Tbc disbactrons 
raaesdvedtypcsmustbcclarified. Standarddataisstagetostageaadhasaspecific 
byout. parrtial data distinguishes metastables and has a diffaan byout. Within d# 
pertial dam layout it is p b k  simpty to have each stage mpsmted only by its gmmd 

’ 

of a file name (eg. ‘/. . . / d 3 r / d 3 r ~ j k . & f ’ ) .  
. .  

! 



88 C 
98 C 
93 C 
93 C 
sa C 
!H C 
93 C 

!H C 

YES 
YES 
Do 
YES 

YES 
YES 
YES 

no 

YES 
YES 

YES 

YES 
YES 
YES 

M) 

w) 

w) 

m 
Do 
no 
no 
no 
m 
1y) 

Y E S ,  
YES 

YES 

Y E S  
Y E S ”  
YES 

m 

Ly) 

9. Script file selection is made at (e). The structure of script file is shown below. We have 
found it convenient to group script files in a personal ADAS database under a subdirectory 
classification /scripts405’. Also, it is possible to bypass contribution hction calculation 
and display by selecting the ‘NULL’ script. You may find it helpful to copy the ‘NULL’ 
script fiom the central ADAS database to your own space. Note that scripts apply to 
particular cases. Thus the references to emissivity coefficient data in a script applying to 
metastable resolved will not in general work for unresolved data, indeed will probably 
crash. We have not built much protection against faulty references into script files at the 
moment. More protection may be added if this proves a stumbling point for users. You 
may find it helpfbl to fetch the test - c script fiom central ADAS for first trials. 

10. Details of the species, number of (composite) lines and line ratios to be obtained are at the 
head of the file (SPECIES, NLME, NRATIO). Note that you must follow the positional 
layout exactly. Emissivity coefficient data are obtained fiom ‘pec’ files of ADAS format 
ADFl 5.  The number of such files to be searched in the ADAS database are specified at 
NFILE and the fbll Unix paths to the files themselves in following lines at PHOTON 
EMISSIVITY FILE NAMES. The subsequent table identifies the index number of the 
pecs in these files required to build the particular line emission function. The lines are 
indexed at ILINE, the number of component parts of each line is at NCOMP, the charge of 
the ion to which the component attaches is at IZION and the components simply indexed 
a! ICOMP. The metastabie of the ion to which the component is attached is specified by 
its ranked index number at )MET (the ground state is 1). INDPH gives the selection index 
of the component pec in the ADF15 file identified at IFILE fiom the list given earlier. 
Note the le#er qualification on the INDPH index to distinguish electron collision driven 
pecs and charge exchange diivenpecs. The composite lines may be ratioed as specifid by 
IRATIO, an mckx number of tbe ratio; ILINE, the upper composite line of tbe ratio; 
LINE, the lower composite line of the ratio. All other text is for infonnatiOre. Note that a 
‘c----’ linc is used to separate ccxnmcnts which follow it. Each comment iine begins with 
‘c’ and we conventionally put in a’c-’ tuminator line for the comments section. 



1. cx. 1S61A 
2. CII 904A 

Trailing 'HI - >  Hydrogen CX driven 

The processing options window has the appearance shown below 

1. 

2. 

3. 

The script file selected by the user is identified at (a). The Browse Comments button 
displays the comments field at the foot of the script file. 

Information is presented at (b) of the element and master files classes selected in the 
previous file selection option step. 

Enter isotope mass numbers for the selected element and background neutral 
hydrogen in the plasma at (c). This information is only used if charge exchange 
recombination master file data has been selected. 

The spectrum lines set up in the script file are shown in the display window at (d). 
This operates in the same manner as datasct display and selection windows in the 
input option window of a d e  such as ADAS205 (see chapter 2). Click on a line to 
select it. The selected line is shown in the selection window above the display 
window. Only one line is treated at a time for graphical display. However all lines 
and line ratios in the script file me computed and tabulated in the output text file. 

The selection of tcmperanu~ and density pairs for data output arc made at (e). Thc 
table may be edited by clicking on the Edir Table button.. 'Ihe ADAS Table Editor 
window is then presented with the same set of editing opetlltions available as arc 
dtsctibed in the introductory chapler. Ekctmn tempcnatum should be monotonic 
increasing. It has p v c d  helpful to add a Clear Table button (f) to remove all entries 
in dre tcmpereaurt and dcnsity output fiekis. 

Cliclcing dte Done button causes the output options window to be displayd. 

4. 

5 .  

6. 
Remember that cancel talres you back to the p i o u s  window. 
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Edit the praxdng optiaar data and prew Done to pmcstd 

The output options window is shown below. 

1. It follows the usual pattern except that there is a choice of graphs to display. Thus the 
fractional abundances, power functions and contribution functions are all of potential 
interest. Click on the appropriate button at (a). Generally, we find that on the first one or 
two occasions we wish to see the fractional abundances and powers but then have a more 
sustained interested in the contribution fhction shapes and their location in temperature. 
All the graphs are provided as a fimction of electron temperature. 

2. The window pscnted at (b) depends on the graph choice above. The default scaling may 
be over-nddcn and explicit values for the graph limits entered. 

3. Graphical output is enabled in the window at (c) together with hard copy device and output 
file name. This follows the pattern of other ADAS programs. Likewise text output 
selection at (d) is standard. 

4. The 'GoJ Pussing File' is the name used for the output datast of calculated contribution 
functions. It is organised accordhg to an ADAS data format ADF16. The output file 
name is specfied at (e). Note that w e )  hctiom of type ADF20 (sp) are organised 
difhrcntly and have a slightly difhmt definition fbin the output here of generalised 
contribution fimctions of type ADF16 (gcf). l[he expected practice is that ADAS405 will 
be wed either recursively or in distinct nms to examine contribution fimctions and then 
dacide which to put mto the GoA fik. Thus an Appdbutton has been pvided to allow 
an cxistingoutput Goft &to be extcaded The Reprclce md Lkjidtj2k mme buttons 
haw their usual mcunings. 
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The output from the program is illustrated for carbon in the resolved case. Figure 3.5a shows 
the equilibrium metastable fractional abundances for the first seven metastables as a function 
of  temperature at a fmed density. The balance is at the electron density IO+l3 cmo3. Figure 
3.5b shows shows the total equilibrium radiated power function (TOT) for carbon, the 
separation into recombination + bremsstrahlung power function (PRB) and total line power 
function (PLT) and the line power function contributions from the last seven metastables 
states evaluated using the generalised collisional radiative coefficients. Seven curves only are 
displayed on each graph 
Figure 5 . 5 ~  shows the equilibrium generalised contribution function for the CI 1561A 

resonance line. As can be seen from the script file, contributions fiom each of the four CM 
metastables are included. The contribution fwrction omits the N(C)/N(H) and N(H)/Ne 

usually included in the solar corona1 G(Te) function definition. 



10-1 

I! 
f 

103 

10-6 

---- 
'-7krllm 
c+o (1) 
c+o (2) 
c+o (sb 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

c+o (4 
C + l  (1) 
c + 1  (2) 
ct2 (1) 
c + 2  @) 
c+a (1) 
c + 4  (1) 
c + 4  (2) 
c+s  (1) 
C + 6  (1) 

- 

100 10 1 102 103 

Figure 3.5b 
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Table 3.5a shows the tabular output from the carbon equilibrium ionisation balance. The 
option to calculate a ratio of contribution firnetions for two lines is tabulated but is not 
available graphically. FILTER applies only to radiated power. Isoelectronic master files 
which include the effect of an energy filter are of two qualities, namely, precisely estimated 
for a window of specified thicknesses of  beryllium and quartz (FT)and secondly a simple 
sharp energy cut-off (EV). FILTER gives the master file name subfield of the fm 
EV<nnnn> or FT<ll><mm> by which they identified. 

> 

DAS RELGASG: ADAS91 Vl.ll PROGRAM: ADAS405 Vl.0 DATE: 05/08/94 TIME: 10:17 

LEMENTNAME : CARBON 
ESOLUTION : PARTIAL 

ASTER FILE SELBCTION: 

ELECTEDYBAR : 93 
EFAULT YBAR : 93 

LASS 

ACD 
SCD 
CCD 
PRB 
PRC 
QCD 
XCD 
PLT 

- - - -  
TYPE 

P 
P 
P 
P 
P 
P 
P 
P 

- - - -  

S 

S 
S 
S 

BY: 

ELECT: S-SBLBeTgD, D-DBFmT, blank- mt available 
YPB : P-PARTIAL , S=spAwDARD 

- - -  

ILTBR: PT-PILTRR TE~~CI~OBSS SPBCIPICATION, EV-EHBRGY CVT-OPP, blank-no filter 
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PFAfi PLAs)(A TmlPERATme AloD Doy8ITY sms: 

nDBx I w ~ T D ) ( p 1 I I u T t R u I  BLBcrRm 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(kolvin) (.VI DmSITY (cm-3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1 .l8D+04 l.lOD+OO l.OOD+lO 
2 1.51D+04 1.3OD+OO 1 .OOD+lO 
3 1.74-04 1. soD+oo l.OOD+lO 
4 2.32D+04 2.00D+00 l.OOD+lO 
5 3.48D+04 3.OOD+OO l.OOD+lO 
6 5.80D+04 5.00D+00 1 .OOD+lO 
7 8.12&04 7. ooD+oo l.OOD+lO 
8 1.16D+05 1 .OOD+Ol l.OOD+lO 
9 l.SlD+OS 1.30D+01 1 .OOD+lO 

10 1.74D+OS 1. soh01 l.OOD+lO 
11 2.32D+OS 2.00D+01 l.OOD+lO 
12 3.48D+OS 3.00D+01 l.OOD+lO 
13 5.80D+05 5.00D+01 1 .OOD+lO 
14 8.12IkOS 7.00D+01 l.OOD+lO 
1s l.l6D+06 1.003)+02 l.OOD+lO 
16 1,51D+06 1.30D+02 1 .OOD+lO 
17 1.74D+06 1.50D+02 l.OOD+lO 

HyDRooBw 
DENSITY (CIII-3) - - - - - - - - - - - - - - - - - - -  

0 .  ooD+oo 
0. ooD+oo 
O.OOD+OO 
OfOOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
O.OOD+OO 
0. ooD+oo 
O.OOD+OO 
0.00D+00 
O.OOD+OO 
0.003)+00 

l.lOD+OO 1.303)+00 
1.00D+10 1.00D+10 
O.OOD+OO O.OOD+OO 

3 .  O4D- 01 
5.070- 02 
3.2SD-03 
2. OSD- 03 
6.3OD-01 
9.62D- 03 
1.42D-06 
1.04D-08 

7.73D-02 
1.5lD-02 
1.16D-03 
9.36D-04 
8.83D-01 
2.27D-02 
5.84D-05 
1.44D- 06 

5.461)-31 1.07D-30 
1.48D-28 3.83D-28 
1.483)-28 3.84D-28 

2.44D- 02 
5.24D- 03 
4.4SD-04 
4.26D-04 
9.38D- 01 
3.13D-02 
6.46D- 04 
4 .SOD-05 

3.70D-03 2.35D-04 
9.00D-04 6.22D-05 
8.79D-05 6.723)-06 
1.12D-04 1.17D-05 
9.10D-01 2.783)-01 
4.863)-02 3.18D-02 
2.81D-02 4.3SD-01 
8.04D-03 2.55D-01 
3.46D-09 1.36D-04 

1.86D-11 

4.020-06 
1.06D-06 
1.18D-07 
2.350-07 
1.453)- 02 
2.85D-03 
5. 10D-01 
3.92D-01 
8.06D-02 
1.09D-04 

1.65D-30 3.961)-30 1.770-29 4.693)-29 
6.470-28 3.733)-27 9.330-27 2.55D-26 
6.490-28 1.730-27 9.3SD-27 2.56D-26 

7.00D+00 1.00D+01 1.300+01 l.SOD+Ol 
l.OOD+lO 1.00D+10 l.OOD+lO l.OOD+lO 
O.OOD+OO 0.00D+00 0.00D+00 0.00D+00 
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

2.08D-07 
5.34D-08 
6.02D-09 
1.08D-08 
1.44D- 03 
3.130-04 
1.95D-01 
1.841)-01 
5. 74D-01 
4.52D- 02 

1.93D-09 3.630-11 
4.760-10 8.64D-12 
5.46D-11 1.OlD-12 
7.94D-11 1.22D-12 
2.64D-05 8.07D-07 
5.871)-06 1.75D-07 
1.140-02 7.270-04 
l.18D-02 7.471)-04 
3.4OD-01 8.16D-02 
6.36D-01 9.17D-01 

2.32D-11 
9.80D-12 

4.74D- 12 
1.10D-12 

1.37D-07 
2.89D-08 
1.78D-04 
1.80D-04 
3.72D-02 
9.62D-01 
5.14D-10 
6.68D-10 

6.87D-29 3.67D-29 1.85D-29 1.47D-29 
5.063)-26 2.623)-26 6.97D-27 3.360-27 
5.073)-26 2.63D-26 6.99D-27 3.37D-27 - LINE ocp FtlNcTIoIIs (cm3 a-1): . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B (oV) l.lOD+OO 1.3OIkOO l.SOD+OO 2.OOD+OO 3.OOD+OO S.OOD+OO 7.00D+00 l.OOD+Ol 1.30D+01 l.SOD+Ol 
8 (CI-3) l.OOD+lO l.OOD+lO l.OOD+lO l.OOD+lO l.OOD+lO l.OOD+lO 1.00D+10 l.OOD+lO l.OOD+lO 1.00D+10 
H (CI-3) O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO O.OOD+OO 

ND IOR -.(A) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(Ic#Ix,In #IP ,IF) -------..----------- 
1 C f  1561A 1.410-11 9.00-12 6.33D-12 2.98D-12 6.02D-13 2.68D-14 2.14D-15 2.800-17 6.38D-19 9.050-20 

( 1 0 1 18 1) S.63D-12 4.070-12 2.73D-12 1.450-12 3.521)-13 1.93D-14 1.7lD-15 2.4lD-17 5.903)-19 8.230-30 



( 2 0 2 !%B 1) 5.86D-12 4.020-12 2.510-12 1.080-12 1.710-13 S.4lD-15 3.26D-16 3.10D-18 5.S4D-10 6-870-21 
( 3 0 3 10- 1) 2.04D-13 1.330-13 7.980-14 2.88D-14 3.770-15 8.82b-17 4.690-18 4.03D-20 6.950-22 8.320-23 
( 4 0 4 160B 1) 2.37D-12 1.653)-12 1.OlD-12 4.230-13 6.9u)-14 1.94D-15 9.960-17 7.590-19 1.130-20 1.27D-21 

2 CII 904A 3.160-13 2.460-12 8.6BD-12 6.120-11 1.72D-10 5.31D-11 1.090-11 3.490-13 1.44D-14 2.00D-15 
( 1 1 1 3B 2) 2.65D-13 2.13D-12 7.740-12 5.768-11 1.62D-10 5.090-11 1.06D-11 3.4lD-13 1.42D-14 2.76D-lS 
( 2 1 2 258 2) 5.17D-14 3.360-13 9.4lD-13 4.61D-12 1.000-11 2.170-12 3.2lD-13 7.18D-15 2.270-16 3.78D-17 

PBcLaAL LINB RATIOS: 

R J L K L  
. . . . . . . . . . . . . . . . . . . .  
- - - - - - - - - - -  
1 1 2 4.45D+01 4.01D+00 7.291)-01 4.793)-02 3.511)-03 5.040-04 1.96D-04 8.03D-OS 4.42D-OS 3.240-09 

E (eW 
B (CUI-3) 
H (~m-3) 

5.780-09 
1.12D-09 
1.49D-05 
1.44D- 05 
9.261)-03 
9.91D-01 
1.63D-08 
2.52D-07 

1.08D-29 
9.08D-28 
9.181)-28 

1.65D-10 6.36D-12 
2.73D-11 
9.938-07 9.91D-08 
9.19D-07 8.76D-08 
2.17D-03 7.41D-04 
9.98D-01 9.23D-01 
8.63D-07 6.57D-05 
2.29D-04 7.58D-02 
4.10D-10 1.591)-04 
9.86D-30 1.85D-29 
2.310-28 2.19D-28 
2.41D-28 2.38D-28 

PECTFUL LINE GCP PUNCFIONS (cm3 8-11 : 

E (eW 

H (cm-3) 
E (CKI-3) 

1 CI 1561A 2.620-21 
( 1 0 1 16 1) 2.450-21 
( 2 0 2 54E 1) 1.51D-22 
( 3 0 3 107E 1) 1.77D-24 
( 4 0 4 160E 1) 2.24D-23 

2 CII 904A 1.47D-16 
( 1 1 1 3E 2) 1.45D-16 
( 2 1 2 25E 2) 1.45D-18 

4.17D-23 
3.980-23 
1.64D-24 
1.85D-26 
1.691)-25 
5.16D-18 
5.13D-18 
3.19D-20 

7.22D-25 
7.03D-25 
1.75D-26 
1.91D-28 
1.080-27 
2.31D-19 
2.31D-19 
8.26D-22 

2.43D-08 
2.11D-08 
3.41D-04 
5.31D-01 
1.89D-04 
4.45D-01 
2.41D- 02 
4.27D-29 
5.13D-28 
5.56D-28 

3.60D-09 
3.07D-09 
8.39D-05 
1,25D-01 
1.21D-04 
5.22D- 01 
3.53D-01 
9.llD-29 
6.98D-28 
7.89D-28 

6.08D-10 
5.08D-10 
1.87D- 05 
2.64D- 02 
4.48D-05 
2.57D- 01 
7.17D-01 
9.90D-29 
5.63D-28 
6.62D-28 

2.20D-10 
1.82D-10 
7.691)-06 
1.09D-02 
2.400-05 
1.55D-01 
8.34D-01 
9.29D-29 
4.52D-28 
5.453)-28 

5.84D-26 
5.733)-26 
1.020-27 
1.090-29 
4.480-29 
3.41D-20 
3.40D-20 
8.910-23 

2.7833-27 
2.74D-27 
3.48D-29 
3.64D-31 
1.12D-30 
3.000-21 
2.99D-21 
5.91D-24 

2.07D-28 4.82D-29 
2.05D-28 4.780-29 
2.06D-30 4.21D-31 
2.11D-32 4.28D-33 
5.4 1D- 32 9.90D- 3 3 
3.49D-22 1.04D-22 
3.49D-22 1.04D-22 
5.761)-25 1.57D-25 

ABLE KEY: 

B - BLE~ONTgMPERA lWRE  
E - HYDROGENDENSITY 
ON - ION SPECIFICATION 
RB - RBCCUB.+ B-. POWBR FUNCTION 
LT = LINE RADIATED POWKR FUNCI'IOH 
L - SPBCTBUM LINE INDEX 
2 - ASSOCIATRD ION FOR LIMB c 0 ) I I m  

P = FHmm mISsIVITY PILE SKLECTION IblDBx 
R = SPBCXRCW LINE RATIO IRDEX 

- -_ - - - - - -  
NE - ELECI'ROH DENSITY 
IND - STKB/METAS"ABLE COUNT 
MET -METASTABLEINDEX 
PRC = CHARGE EXCIIANCB RECOUB. POWER FUNCTION 
PRAD - nrpAL RADIATBD POWER FUNCTION 
IC = smmm LIME CCMPmmT COmT 
In - ASSOCIATIH) WASTABLE FOR LINB COMKM" 
IF - EMISSIVITY FILB IHDX 
JL = MlwEEuToR smmm LIME 1mEX 





Differential emission measure 
and emission functions 

The programs of series ADAS5 are all interactive interrogation codes on elements of the 
fundamental and derived databases. This supplementary series has been found of use in 
analysis and interpretation. The particular type of data of relevance here arc the G(Te) 
functions which merge the photon emissivity coefficients of lines of an ion with an 
equilibrium ionisation balance of the ion with respect to the total abundance of the species. 
These data (type ADF20) are of  the form and definition usual in astrophysics. They are 
interrogated by program ADAS506. 

The programs of series ADAS6 are data analysis codes fully integrated within the ADAS 
structure. ADAS601 evaluates an estimate of the emission meusure diflerentiul in 
temperature from observed spectral intensities, assumed elemental abundances and a 
collection of G(Te) firnctions. This latter is directly produced by the interrogation program 
ADAS506 for the spectral lines of interest. The structure of ADAS60 1 ,  unlike other ADAS 
programs, is not sequential. This is to give some agility in the analysis, allowing one to 
change any of the input data sets (elemental abundances, observed spectral intensities, 
collection of G(Te) functions), examine the G(Te) fbnctions, change options, evaluate the 
differential emission measure, and display or print the output at any time during the analysis. 

A schematic of the programs and dataset types interrogated is shown in figure 4.0. 



Figure 4.0 
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ADAS506: GFT - graph and fit Gve) krnctions 
The program intcmgtes G R  files of type ADnO. The G( K) hct ion  is extradad for a 
selected radiative transition of M ion. The data may be intcqolatad using cubic splints a! 
selected electroPI teinpcfatum. A m i n k  polynomial appmxhatim is made to the 
h t e ~ ~ ~ l a t c d  data. The interpolated data are displayed and a tabulation prepared. The tabular 
and graphical output may be printed and includes the polynomial approximation. 

Background theory: 
One of the most widely used methods available for the interpretation of astronomical spectral 
intensities is the emission measure technique. This method is less familar in spactroscopic 
studies of fusion plasma. However it and variants designed to determine impurity 
concentration, impurity variation in time and impurity influx arc applicable in fusion. 

The intensity of a spectral line fiom a column of optically thin plasma of cross-sectional area 
A and due to a transition fiom upper level J’ to lower level k may be written as 

4.6.1 

where Nj denotes the population density of ions in the upper state j , A,_*& is the radiative 
transition probability for the transition and the integral is taken over the volume of the plasma 
viewed. 

The excited population may be expressed in terms of the ground and metastable populations 
of the ionisation stage to which it belongs and to those of the adjacent higher ionisation stage 
by a quasi-equilibrium collisional radiative calculation as 

4.6.2 
U= 1 U’PI  

Usually contributions to the population of the excited state by excitation fiom the metastables 
of its own ionisation stage only need to be considered so that 

4.6.3 

In differential emission measure analysis, the assumption of ionisation balance is normally 
made. Although a time dependent ionisation could be used, the method would be specific to a 
particular model for the dynamic behaviour of the plasma and the universality of the emission 
measure technique would be lost. Thus it is convenient to write. 

4.6.4 

where the ratio N:) / Ntd is evaluated in equilibrium at the local temperature and density. 
For the solar plasma, the generally accepted assumption is that the abundance of the element 
Nta / N, does not vary through the depth of the atmosphere. Then gathering tenns 

where 

Then the spectral intensity may be writt.cn as 

4.6.5 

4.6.6 



4.6.7 

It is convenient to change the vsriable of the integd to electron temperature. However the 
rrtomic cafficiglt depends 011 bodr electron temperahut and electn#r density so it is 
n e c e s s m y t o m a k e s o m n e ~  aboutthcrelrdionbetweenthcm. Acammonassumption 
is that the plasma pressure is umstant over the relatively small m g e  of temperatwe where the 
G( q, Ne) fimction has significant dues. In any event a model assumption is made even 
though the G ( T )  function is usually written as function of temperaaue alone. Also 
introduce the concept of surfaces of constant temperature of which there may be more than 
m e  in the viewed volume. The intensity then may be mvntten * a s  

The limits of the integral I; and are the minimum and maximum electron temperatures in 
the part of the atmosphere contrinbuting to the spectrum. Introduce the differential emission 
measure, +( q ) ,  defined by 

4.6.9 

where the sum is taken over all 2 of the isothermal surfaces sl(c) and lvqIl is the 
modulus of the temperature gradient perpendicular to the surface. By this defrnition +( K )  is 
the average value for the differential emisison measure over the area viewed by the 
spectrometer. I t  is noted that +( q) is the part of the integral it is sought to extract since it is 
the part which gives infromation about the structure of the atmosphere. The above analysis 
leads to the following expression for the spectral intensity 

4.6.10 

The program interrogates G( T,)  data sets prepared according to the prescription of equation 
6.6.6. Details of the model relating temperature, density, pressure and hydrogen to electron 
number densities are stored in the G(T) datasets and this information is accessed 
simultaneoulsy with the G( T,) in the interrogation. Interpolation of the G( T, )  to arbitrary 
temperatures is done by cubic splines. This implies an implicit interpolation in the other 
model parameters. For completeness these model parameters are also explicitly interpolated 
as a function of temperature. 

Program steps: 
These arc summarised in figure 4.6. 

Figure 4.6 

repeat 



interactive parameter cumments: 
‘The fik stlectioa window h a s h  appearancc shown below:. 

1. 

2. 

3. 

4. 

5.  

6.  

7. 

Input Dataeet 

I 

i --- 

I 

Data root ~ 2 f a W a d a s l a d e w ,  
-_-__-_ 

-----l f-”--- 

1 Central data Uaer data J :_? Edit Path Name - .- -- - _- -__  

. . .  
Data File: 

’ -  b) 
\ 

-- - 
Browse ... Comments Cancel Done 

. . . . . . . . . . . .  . . . . . . . .  . . . . . . .  L - - . . .  

Data root a) shows the full pathway to the appropriate data subdirectories. Click the 
Central Data button to insert the default central ADAS pathway to the corned data 
type. The appropriate ADAS data format for input to this program is ADMO (‘G(Te) 
files’). Click the User Data button to insert the pathway to your own data. Note that 
your data must be held in a similar file structure to central ADAS, but with your 
identifier replacing the first adas, to use this facility. 

The Data root can be edited directly. Click the Edit Path Name button first to permit 
editing. 

Available subdirectories are shown in the large file display window b). Scroll bars 
appear if the number of entries exceed the file display window size. They are named 
by iso-electronic sequence (eg. gF95#lr3. specific file names include a source 
identifier (eg. al) the specific ion symbol (eg. c3) and the pressure (eg. p3e14). 

Click on a name to select it. The selected name appears in the smaller selection 
window c) above the file display window. Then the individual datafiles are presented 
for selection. Datafiles all have the termination .dat (eg. gF95#li_al#c393el4.dal). 

Once a data file is selected, the set of buttons at the bottom of the main window 
become active. 

Clicking on the Browse Comments button displays any information stored with the 
selected datafile. It is important to use this facility to find out what has gone into the 
dataset and the attribution of the dataset. The possibility of browsing the comments 
appears in the subsequent main window also. 

Clicking the Done button moves you forward to the next window. Clicking the 
Cancel button takes you back to the previous window 

The proccwing options window has the appearance shown below. 



, - .  . :-. - -  . , . .. . , .  . .  . . _  , . 

I . . .  

1. Transitions for which G(Te) data are available in the data set are displayed in the line 
list display window. This is a scrollable window using the scroll bar to the right of 
the window. Click anywhere on the row for a line to select it. The selected transition 
appears in the selection window a) just above the line list display window. 

Your settings of electron tmpratures (output) are shown in the temperature display 
window d). "he temperature values at which the we) coefficients are stored in the 
datafile (input) arc also shown for information. 

The program ftcovcrs the output tempmatures you used when last executing the 
progtlun. Rcssing the Defavlt Temperature vulues button inserts a default set of 

The Tempmature Values arc editable. Click on the E& T'le butcon if you wish to 
change the values. A 'dropdown' window, the ADAS Tabk Editor wmdow: It 

2. 

3. 

temperatrms qual to the input temperatures 

fbilows the ssme pattan of opadion as described m bulletin. 

4. 



5. 

The outpmt options w i d o w  has the appearaace shown below. 

I 

i 

I 

! 
I 

! 
! 

i 
! 

, 

! 

I 

! 

1 
I 
I 

I 
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GraphTide 
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. .  

- _  
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I Filename: I greph.pe 
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L ___ . - .. .......... -. .... 

I_ .. .- . . . . . . . . . .  
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. . . . . . .  - ...... 

. .  

. - ....... 

6. The graph is displayed in a following graphical output window. 

7. Writing to the collection file is activated by clicking the Collection File button at a). The 
operation is slightly different fiom the usual text output. The collection file is composed 
of blocks of data for each spectrum line. Each block includes a header line which enables 
the code to construct an indexed list of lines present in the collection file. A line which is 
already present in the collection is replaced if the Replace button is activated, otherwise it 
is disallowed. Thus the G(Te) collection file contains any one line only once. 

Illustration: 
Figure 4.6a shows the G(Te) hction for 150.1 A line of OVI. The GFT data set was 
prepared for a constant pressure model at 3x 1 K cm-3. The model includes the variation 
of the ratio NH / Ne in the solar atmosphere with temperature in the G(Te) functions. 

Figure 4.6a 
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TEMPERATURE (KELVIN) 

The tabulation is given in table 4.6a. For completeness, interpolation with temperature of the 
model electron density, electron pressure and N,, / Ne is given in the table. 

Table 4.6a 
ADAS RELBASB: -91 V1.10 PROGRAM: -506 V1.0 DATE: 10/04/94 TIME: 10:32 
* * * * * * * *  TABULAR OUTPUT PROEI G(TR) FUNCTION FILES INTERROGATION PROGRAM: ADAS506 - DATE: 10/04/94 

FILB: /JETSHP.GPr93#LI.MTA(~#O5) E m :  0 + 5 LINE: (01->05) WVLN: 150.1A 

MICLBAR QUROE (ZO) - 8 
RBCWININO ION CHARGE (21) - 6 
~ I N B D I Q W C H A R O B  (e) = 5 

LBVBL COPRIWRATION QUAKLIIM NrJm= 
2s+1 L (W1-1)/2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

s - UPPER 3p* 3P(J=O 2 1 0.5 
l - L o u B R  28 2S(J-0 2 0 0 . 5  

TRANSITION BIAvBLmGTH (APPROX.) - 150.1 A 
TRAWSIT1mmVELmuTH (BWCT) - 150.1 A 

GPT DEUS PplBSs m/NB - - - - - - - - - - - - -  -mm - - - - - - - - - - - - -  
I[BLvIw Bv ICOLVIW/D1'*2 m 6-1 U- 3 Kat- 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1. ooD+os 8.62-00 2.98D+03 8.461)-22 3.00D+09 3.00D+l4 8.49D-01 
2. oolkos 1.72D+01 S .  56-03 4 . S2D- 14 1. SOW09 3.00-14 8.33D-01 
3.00D+05 2.59D+Ol 8-33-03 2.563)-12 9.98D+08 3.00D+14 8 .  32D-01 
S .  ooD+os 4.31IhOl 1.39D+04 1.290-12 6.000+08 3.00-14 8,310-01 
7. oolkos 6.030+01 1 .94lkM 6.31D-13 4.29D+08 3.00Ikl4 8.31D-01 
1 .OOD+OC B .  62lkOl 2.7BD+04 3.87D-13 3.000+08 3.00D+14 8.30D- 01 
2.000+06 1.72W02 5 .  SCD+M 2.14D- 13 1.50D+O8 3.00-14 8.3OD-01 



- TA- C O E P F f C I ~ :  

7.3921630530*08 
1.4453243620+09 
3.246457026D+08 
1.866822456D+07 
3.281465908D+05 
1.672659108D+03 
1.707882983D+OO 

toalo (TJmPckelvin+) . . . . . . . . . . . . . . . . . . . . . . .  
-1.52581882lD+O9 
-8.319180529D+08 
-9.070529108D+07 
-2.86575560%06 
-2.7603708180+04 
-6.854708225D+Ol 
-1.9540786690-01 

Notes: 
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ADAS603 : Differential emission measure analysis 
Givm a set of obmrved spectnl intmsities, G(q )  fimctiats and eiemencel a b u n a ,  the 
pogram cvaiuates an estimrrte foathe emissii measure Waaatial in teqmatm,  using the 
integral mvmion algorithm of A. M. Thompson. Selaction of the input data files for 
elemental abundance, G(C )  bctions, and observed spectral mtcmities can be made at any 
time during the analysis. The output consists of displays of the differential emission measure 
vs. elactn#1 tempmture and the reconshructed observed spectral intensity ratios. A tabulation 
of tbese quantities is also produced. The input set of G( T )  hct ions  can be displayed and 
examinad at any time. 

Background theory: 
In order to derive the emission measure differential in temperature, we require to solve the 
integral equation 

4.1.1 

for a set of, say , m spectral lines. in 4.1.1, I,,+, is the intensity of a spectral line fiom a 

column of optically thin plasma due to a transition fiom upper level U to lower level 2 ,  
S ( Z )  H N,a / N,, is the fractional elemental abundance assumed to be known, 2 the 
element's nuclear charge, +( K )  the emission measure differential in temperature, as defined 
in the ADASS06 section. 

Note that in equation 4.1.1 the dependence on the electron density has been dropped, which 
would have lead to the formulation of the bi-variate integral inversion problem. G and 4 
would then have been functions of electron temperature and electron density, and the integral 
over both variables. The simplified formulation expressed by equation 4. I. I is achieved by 
selecting only those spectral lines whose G -functions have a slow dependence on electron 
density, at least in the physical range of interest. Resonance lines have such properties in 
most cases. However, in order to achieve the best approximation for the G -functions, the 
slow dependence on the electron density is taken into account by assuming an approximate 
constant pressure or constant density for the plasma. This is equivalent to selecting an 

approximate dependence Ne = N e @ ) ,  so that the G -functions can be considered 

effectively dependent on only. G -functions stored as ADF20 are computed for a grid of 
constant electron pressure for this purpose. 

Equation 4.1.1 is solved by the data adaptive smoothing approach of A. M. Thompson. The 
integral is discretised (product integration method) as 

4.1.2 



4.1.3 

represents a weighted average of 9(T,)/$ (c) between q-, and T, . 4 (T)  is an initial 

estimate of o(q) towards which we shall smooth the solution. This process can be viewed 

as scaling the solution using an ex- gross behaviour of $(c) as represented by 

+o(q). The advantage is to reduce the dynamic range of the problem before the actual 
regularised solution (see below) is obtained. This has been proven to prevent uneven 
smoothing, with the solution being over-smoothed at large values of 4 and under-smoothed 
at low values, when the source fbnction (the differential emission measwe) span a large 
dynamic range. 

The prior fimction +o(T,)  is evaluated as follows. 

cu,,6 (K - c:y ) , where 

Gu+/( q) is approximated by 

4.1.4 

czy being the temperature corresponding to the maximum of 

delta function. A crude estimate of 4 is then 

r )  and 6 the Dirac's 

4.1.5 

A cubic B-spline is now fitted to the values b g ( $ ( ~ ~ ~ ) )  to obtain a smooth 

representation for +&). This representation can only yields features comparabie to the 

typical kernel in width (estimated, to this purpose, to be k: )$ decade). The knot points of 

the B-spline representation are therefore selected approximately k: x decade apart. In other 

words, we obtain 

where S (1 0 g (T, )) denotes the B-spline representation with interior knots about = )$ 
decade apart. 

The B-spline fit described above provides a satisfactory estimate of $o(q) between the 

maximum and minimum values of qy. I t  is necessary, however, to extrapoh +o(E) 
beyond these boundaries. This is done 8s follows. 

FCU 

or 



T < min[Tz]  

* o ( K )  is extrapolated linearly. This is done because any rapid power law variation in 

4 ( q )  beyond tbe maximum and minimum of T Z  is likely to lead a gross inconsistency 

between the values of $( qy ) and the corresponding averaged value of 4 (q  ) . 
Equation 4.1.1 is then wriffcn as 

( i  = 12, ..., m) 4.1.7 
j= 1 

which is the canonical form for inverse problems. In 4.1.7, fi 9; is the quantity to be 

estimated at the recovery points TJ (j = 12,. . . , N), gi E I,,& is the data, E * si is 

the data noise so that &, can be regarded as a Gaussian error of constant variance and si a 
weighting parameter or an estimate of the noise variance on the i -th spectral line, and 

4.1.8 

Equation 4.1.7 is solved by a regularisation approach. In the method of regularisation the 
extra information required to stabilise the inversion is introduced by a smoothness condition 
on the source hction. A solution is obtained by solving the optimisation problem 

4.1.9 

where k is a smoothing parameter representing the weight attached to the smoothing 

constraint @(I) (a linear functional ofj), and f is the estimate of f . The hnctional 

@(f) represents a prior information about the function f . A choice for this functional 
derives h m  the minimisation of  the norm o f  the second derivative of the solution. In other 
words, of all the solutions that can fit the data the one is chosen that minimises 

A 

4.1.10 

This choice of the linear functional defines the second order regularisation problem and is the 
one adopted for the solution of equation 4.1.7. 

Representing the second derivative by second - order differences, 4.1.9 can be written as 

4.1.1 1 



(H'H + X@)P = H'g 

The smoothing parameter L is selectad accding to 

IlHf - d2 

4.1.12 

4.1.13 

where c is the hessian matrix of O ( j )  . This method has the attractive property that we do 
not need to know explicitly the value of the noise varimw of the data point but only their 
ratio. That is if the true standard deviation of the noise on the i 0th element is d = d ,Si 

then the scaling factor d can be calculated aparteriori using 

2 ll*f - li' 
(trace[H'H + hC] 

4.1.14 

Program steps: 
These are summarised in figure 4.1. 

Figure 4.1 
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Interactive parameter comments: 
The organisation of the interactive windows differs in ADAS601 fiom the ADAS nom. 
initiate ADAS601 fiom the ADAM series menu. The 'control window' is displayed fmt. 

The Control window has the appearance shown below: 



The actions 'File' etc. arc activated by clicking on the appropriate name. There are three 
input data file name information windows and then at the bottom of the control window, 
shorter information windows for the weighting stategy and the current activity. One can jump 
freely between actions, but on the fvst use of this program, the 'File' action must be taken 
first and files loaded sequentially (see below). 

The File action drops down the menu shown below: 

s--! 
lread intensity fde I 

master fde ________ mad kernel file -4 

__ ---J 

Clicking on the data type opens the usual form of ADAS file selection window shown below. 

I 

I 

i 
i 

I 
i 

I 
! 

i 1 

I 

Data File 

. .  
abund . da t 

1. The data type sought is shown at a) 

2. Tht central ADAS drrtfthacc has no fmd data collectionS of the three types 
requirad hac, but only sample data. It is s u g g d  that you use the same 
orgaaisationandmainsub-dircctory naming as the ADAS example. Clicking the 



( h t r a l  data ar User dtata buttuns scb up a Data rout b) of tbe ADAS p8tWtn 
automrticaliy- persona l~~~ppgnmADAsdoIsbou ldbehb ldmthe  
subdiractory 

~diSAu<W#~/&WCMl 

/disk2/&*mMl. 
comspanding to the ADAS central subdiractary 

Further subdirectories of larch601 should be assigned, namely, /ubwdoncc 
/intensify and /kernel. Thus you abundance files should be held in the 
subdirectory 

/diskW user>/&wMOl/abun&ncd.. 

3. It is convenient to set up an additional subdinctory /run to hold output data f h n  
the progann. Move to this subdirectory before initiating ADAS if you wish to 
ensure output files are placed directly into this subdinctory. 

4. All three files must be identified before excuting the integral inversion. 

5. The intensity file has the standard format shown below: 

1 
@weightframdataMe 1 
----.-I 

~~ ~~ ~~ ~ 

6. The abundance file is of the simple structure shown below: 

0 2.470E-04 

NE 3.5303-05 

S I  3.920E-05 

MG 4.4703-05 

S 8.6303-06 

FE 3.9203-05 

CA 2.9403-06 

7. The kernel file is of the form produced directly as the collection file f b m  
ADAS506 above. Note that you must keep to precisely the same f-hg 
conventions for you personal files of these types. 

8. The Exit button terminates the program, saving the current settings in your 
defaults directory. 

The Weight action drops down the menu shown below: 



Tbe psotaction drops &wn themenu shown below: 
c 

i % t i  

1 plot DEAd 

1. Clicking the graphical selection button pops up the standard ADAS output 
options window below: 

I 

I 

i 
I 

I 

I 
I 
I 

I I 
I 
I 

I 
I 
! 
i 
I 
! 

I 

I , 

DeaaultDevioe i 
I 

I 

I 

- - ___ . .____ 

I 

2. Click the plot kernel button to show a simple graph of the G(Te) hctions 
available in the kernel file. 

3. The DEM plot is only available once the integral inversion has been performed 
once (see below). 

The Run action drops down the menu shown below: 

;Run j 
7 i- 

I-.-- _ - ..__ - __ 
1 execute i w  invereion 

1 .  Click on the execute button to initiate the integral inversion calculation. 

2. Aftcr completion of at least one calculation the differential emission measure 
becomes available for plotting as above. 

111 ustration : 
Figure 4.la shows a plot of kernel data, that is the set of we) fimctions Contained m the 
seleded k-1 fik. F i p  4.1.b show the resufting differential emission measure far the 
dgnanshatian in ADAS. Tabk4.l.ashowsthe sbndmitextoutput fhmthe cock. 



Figure 4.la 
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Coping with large quantities of 
data 

The programs in this group belong to series ADAS2 and both are interactive processing codes 
on elements of the fbndamental database. A schematic of the programs and dataset types 
interrogated is shown in figure 5.0. Each program extracts specific ion file data fiom the 
relevant data collection, acquires information fiom the user on hidher stategy for associating 
levels and then outputs the modified data set. No graphical display is produced. The output 
datasets are organised for direct entry into the user’s personal ADAS fundamental database. 

ADAS209 is designed to help with the problem of being overwhelmed with data when 
studying the excited populations and emissivities of complex ions. One seeks to simplifL by 
grouping excited populations of similar levels or of levels of minor importance. We call this 
‘working at different resolution levels’ in excited population structure. A specific situation is 
that in astrophysical studies where intermediate coupling LSJ resolution of populations is 
usual, even for light species, to assist high resolution spectroscopy. From the population 
structure point of view LS resolution is adequate. In fbsion, LS resolution is usual for light 
species. The new code allows controlled ‘bundling’ of level populations. It does this by 
operating on a specific ion file (type ADFM) of  high resolution and generating a new file of 
the same type but of lower resolution as prescribed by the user. Such an algorithm is also of 
value with very many level systems where there is a need to focus on the most important 
levels, for example metastables, and treat other levels more grossly. 

ADAS210 is designed to help with the problem of handling data when studying the excited 
populations and emissivities of ions at different degrees of  fineness (resolution levels) in 
excited population structure. One seeks to change between resolution levels easily. The 
astrophysical example is again apposite. One may have data of high quality at LS resolution 
for some ions which it is desired to convert to LSJ resolution for special studies. The new 
code allows controlled ‘unbundling’ of level populations. It does this by operating on a 
specific ion file (type ADFM) of low resolution and generating a new file of the same type 
but of  higher resolution as prescribed by the user. Such a procedure is of course not a 
substitute for original high resolution cross-section data. However the procedure tries to 
maintain precision by using a ‘template’ file of high resolution (also of type ADFM) to aid in 
the ‘unbundling’ of the low resolution source ADFM file. 

Such algorithms are also of value with very many level systems where there is a need to focus 
on the most important levels perhaps at high resolution while treating other levels m m  
grosslY. 



Figure 5.0 
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ADAS209: General level bundling 
The program pmxsses specific ion fib of type ADFM. ’Ihe spscific ion file is Wycpfbd a0 
a smaller file of similar organ- according to a level ‘bundling’ stategy. nto outpuf fik is 
is of type ADFM and suitable for direct entry in the user’s ADAS ckabase- There is 
graphical output. 

Background theory: 
Consider the electron impact excitation reaction between two excited levels i and j ,  of an ion 
X t Z ,  of an element X; 

X+”(Ei)+e(q)-+ Xy(Ej)+e(e.) J 5.9.1 

where Ei (Ej) is the exitation energy of level io), and &i (Ej) is the incident (scattered) electron 
energy .?hen, the Maxwell averaged (effective colllision strength) 

Q) 

Y ij = j)exp(-~ J -/kT,)d(c J ./kT,) 5.9.2 
0 

where Rij is the collision strength. If we now consider a transition I to J in LS coupling then 
the ‘LSJ bundled‘ effective collision strength is a summation over the effective collision 
strengths between J-resolved fine structure levels, such that, 

5.9.3 
iel jd 

Spontaneous emission coefficients ( Einstein A-values) corresponding to the new ‘bundled 
transition are given by, 

i €1 

where, 

5.9.4 

5.9.5 

The ADAS209 code makes use of the above expressions in calculating the user selected 
bundles. 

In ionisation and recombination reactions it is proper to distinguish metastable states as 
potential final states for ionisation and initial states for recombination. In this context, parent 
states of the X+z+l ion are identified in advanced format ADFM files, and these too can be 
bundled if specific studies require only consideration of the ground states, or, if LSJ parent 
information is available. Three types of parent metastable information are identified which 
appear on the first line of the ADFO4 file. These are ‘term parents’ with code ‘(<2S+l>L)’, 
‘level parents’ with code ‘(as+ 1 >L<2J+ 1 >)’ and unidentified parents ‘(Xstat. weight.)’. The 
latter occur when mixed symmetry metastable parents are combined. In all these cases, the 
parent energy (relative to the lowest level of the ion) is calculated in the same way as the 
excitation energy (Ei) for each of the levels of X+z, namely, 

5.9.6 
iel JJ 

where Eshifi is the relative change in energy between the lowest states of X+z and X+z+l and 
is therefore zero for all excited levels of X’? 
The code is arranged to be quite flexible in its bundling strategy in that any levels may be 
grouped. However this can lead to difficulties when levels of different symmetries and 
configurations are bundled. This is espially the case when the levels of such a bundle span 
a target state for spontaneous emission fiom or to the bundle. A warning is issued by the code 
in these circumstances. It is essential to look at the output ADFM fik in such cases since 
spruious Einstein coefficients may be insated and the sarne transition may appear twice but 



Figure 5.9 
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Interactive parameter comments: 
Programs of this series (ADASZ) which make use o f  data fiom archived ADAS datasets 
initiate an interactive dialogue with the uset in three parts, namely, input file selection, entry 
of user data and disposition of output. 

The We selection window has the appesrance shown below 

Input Dataset 

hta File: 

. . .  I i  I ! 

I 1 



datatype.Iht8ppOpW& ADASwfinnaa fb bptt~this  prolgam is mF04 
(‘specific ion files'). click thc h krteon to insert the pathway to your 
own data. Note that your data must be held in 8 similat fib Stnrcturt to mtd 
ADAS, but with your identifier nptscing dre first &, to use this ficility. 

2. TheDatarootcanbecditeddimctly. ClickthcEdftPatkNamebumfustto 
pennit editing. 

3. Available sub-directories are shown in the large file display window b). Scroll 
brvs appear if the number of entries ex& the file display window si#. 

4. Click on a name to select it. The selected name appears in the smaller selection 
window c) above the file display window. Then its sub-dircctories in turn ~vt 
displayed in the file display window. Ultimately the individual datafiles arc 
presented for selection. Datafiles all have the termination .&f. 

5. Once a data file is selected, the set of buttons at the bottom of the main window 
become active. 

6. Clicking on the Browse Comments button displays any information stored with 
the selected datafile. It is important to use this facility to find out what is broadly 
available in the dataset. The possibility of browsing the comments appears in the 
subsequent main window also. 

7. Clicking the Done button moves you forward to the next window. Clicking the 
Cuncef button takes you back to the previous window 

The processing options window has the appearance shown below 

I 
I Ion : 0 4  Nuclear Charge: 8 

Specirk ion file level list :- 

__ -- - - _ .  -- 
I I Index Configuration Designation Enetpy(an-1) 

; I  

I .  

. .  I . . .  . - . . . . . .  

. . . . . . . . .  , - . . . . . .  -. - . . . . . . . .  

-. . . . . . . . . . . . . .  - . . . . . . . . . . . . .  .- . 

. . . . . . . . .  I - - -  - '  . . .  
' 1 . -  . . . .  . . . . . .  

- .  
. .  -. . . .  - ........ - - . . . . . . . . . . . . .  - - . . . .  .... 
;< .... .- - . . . . . . . . . .  -. . . . . . . . . . . . . . .  - .... ..I- . .  2 

. .... - ... - .... - . . . .  ._ .... - . .. I__- . . .__ ... 

8. At a), two buttons are present to allow bundling of the levels of the selected ion 
and then bundling of the parents of these levels. The patents are the ground and 
metastable levels of the next higher ion to which ionisation may take place or 
h m  which recambination may take place. For basic studies, you will probably 
be usmg ADF04~kwets which omit recombination and assume ionisation only to 
the ground state of the next higher ion. Then the subtleties of pareats may be 
i g n d  This parent bundling option is noa-tt.ivial only when the advanctd 
ADFOO is being used. More details am given m the ADAS Manual. * 

Ato r rdc~mdAl r l f y r i r sbuc tun  Copinowlthhrg8qurntitk+d-. 6 



CIidrbrerppoplrrPbc button to fill dae left side level display window b) and fbc 
rigbssirbwmdliagwindowd). 

9. n# level list displayed m the widow at a) is tbr informatron ody and is a simpk 
transcription of the list h f n  the hesd of the SoUTct ADFOQ file. 

1O.Notethrddre Data Pile Name at the left side is the Same as the Data file a! c) on 
the right si&. 

11.h the Level Bundling window, the index number, configuratian specification, 
(2S+l )~r )  quantum numbers and tbe level energy (cm-1) are given for each level 
in a wparatc display window with an editable box to its right d). The editable box 
is for entering a bundle m h  number. That is levels which are to be grouped are 
given the same bundle index number. If no index number is given for a level, 
thea the codc treats the level as a distinct bundle. The code reindexes bundles as 
n w  for consistency. Remember to prcss Return after entering each 
bundie index. 

12. When you have finished the level bundling allocation, click the Parent Bundling 
button at a) to execute parent bundling. Note you may proceed to the next screen 
directly by clicking the Done button after level bundling. The code then puts in 

13. On clicking the Parent Bundling button the windows at b) and d) are filled with 
the comsponding parent information. The display is illustrated below. It 
generally has less than five entries and if the advanced ADFW format is not in use 
then only one. The information format is a little different from that of the levels. 
The first value is the index number, followed by the parent term character string 
(in brackets) as given on the top line of the ADF04 file. The numerical value of 
the parent statistical weight follows with finally the parent energy (cm-1) relative 
to the lowest level of the ion. In the single parent case therefore this is just the 
ionisation potential. 

the default parent. 

1 
I --------__ I 

-. -- -_ _---_ __ __ __ -_ _- -_ . - -__- - 
ADAS209 : PROCESSING OPTIONS 

, ___ - ___ - -- -_____ __-____- 
rhtam: / d i e h d a d & i a d ~  a dbelike~lSBOadat 

F Clidtt0dit:- 

U [ OLtwdBuadting P m t  Bundling 

Ion: 04  NudarChuge: 8 

I Sp.ciBe ion iila bvd I&:- 

14.N- that the orpisrtiOn of all ADFO4 dafasds at present is such that afthough 
e n q y  kvek may be at the I-rcsolvad intumadiatt coupling rtsohttion, the 
pvents am at term resoIuth. Thus drere is usurlly no need to bundle parents 
t d c s  them is a wish to fixus f;or exampie m just the ground parent (lowest 
mnmatm caatinuum). The latter may be the #st if oae wishes to bypass the . . .  



complex~cs of metascabks. ADAS209 does howewr haw the Of 
dealing specifically with J-resolved mts. 

the ADAS series 2 menu. Remember that Dolm takes you fibnvaad to the next 
screen while Cuncef takes you back to the previous smen 

15. Note the icon for Exit to Mew at (e). “%is quits the program and retuns 

The output options window is of restricted fm. It only offers the option of an 
output file. This part is of the same layout as codes previously described. 

Figure 5.9d 

...... - ... 

. 
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1. The name of the source data file which has been bundled is repeated at a) for 
information. The output file is the bundled ADF04 file and it is of the correct 
format for re-entry in the ADF04 database. However, if you have used the 
defaults on parent bundling, it is advisable to check the top line of the file to see 
that the term allocation of the ground state is what you wish. The comments 
section at the end of the output ADF04 file details the source ADF04 file and the 
bundling imposed. 

2. By default the output file is sent to your /puss file subdirectory as 6 u n d e . p ~ ~ ~ .  
You should ensure that you have created a /puss sub-directory of you personal 
/adas directory to receive such files. 

3. There is no graphical output option. 

Illustration: 
Figure 5.9a shows the input ADFM file for OH in LSJ-resolution. Figure 5.9b shows the 
bundled ADF04 file resulting fiom combining levels of the same triplet terms. Note that the 
bundled groups are distinguished by a ‘+’ and that the configuration name is simply that of 
the first level which enters the bundle. Note that on the top line the parent term is a default 
one ‘(IS)’ since the original source file contained no details of the ground state parent but 
only its ionisation potential. In the comments section at the end of the data, the bundling 
details are recorded by giving the Original levef indexing and the Selection vector. Note that 
the Parent bundling vector is ‘0’ recognising that no parent bundling was done. 

Table 5.9a 
0 + 4  8 5 918657. 

1 2S2(1SO) ( 1 ) 0 (  0 . 0 )  0 . 0  
2 2S2P(3PO) ( 3 ) 1 (  0 . 0 )  81942.5 
3 2S2P (3P l )  ( 3 ) 1 (  1.0) 82078.6 
4 2SZP(3P2) ( 3 ) 1 (  2 . 0 )  82385.3 
5 ZS ZP ( l P1 )  (1)1( 1.01 158797.7 
6 2P2(3PO) ( 3 ) 1 (  0 . 0 )  213462.5 

a ~ P ~ ( ~ P Z I  ( 3 ) 1 (  2 . 0 )  213887.0 
9 2P2(1D2) (1)2(  2 .0 )  231721.4 

7 2P2(3P1)  ( 3 ) i (  1 .0 )  213618.2 



10 2 P 2 ( l w  (110( 0 . 0 )  287910.3 
11 2S38(381) (3)0( 1.0) 546972.7 
12 21838(180) (1)0( 0.0) 561276.4 
13 2$3P(lPl) (1)1( 1.0) 580824.9 
Z4 38331(3PO) (311 0 . 0 )  W2806.4 
15 283P(3Pl) (311 1.0) 582843.1 
16 283P(3?2) (311 2.0) 582920.3 
17 283D(3D1) (312 1.0) 600748.9 
16 2830(3D2) (3)2 2.0) 600758.9 
19 283D(3D3) (312 3 .0 )  600779.2 
20 2S3D(lD2) (1)2( 2.0) 612615.6 
-1 

2 1 1.00-30 6.79-02 5.99-02 4.99-02 4.23-02 3.40-02 2.27-02 1.52-02 9.18-03 
3 12.17+03 2.04-01 1.80-01 1.50-01 1.27-01 1.02-01 6.81-02 4.55-02 2.75-02 
4 1 2.16-02 3.40-01 2.99-01 2.49-01 2.11-01 1.70-01 1.14-01 7.59-02 4.59-02 

5.00 3 2.50+04 S.00+04 1.25+05 2.50+05 5.00+05 1.25+06 2.50+06 5.00+06 

. . .  
16 15 1.00-30 7.74+00 6.90+00 5.43+00 4.29+00 3.26+00 2.17+00 1.55+00 1.09+00 
18 17 1.00-30 2.10+00 2.17+00 2.03+00 1.74+00 1.38+00 8.94-01 6.00-01 3.82-01 
19 17 1.00-30 1.55+00 1.57+00 1.25+00 9.33-01 6.54-01 3.85-01 2.52-01 1.62-01 
19 18 1.00-30 3.30+00 3.26+00 2.90+00 2.41+00 1.85+00 1.17+00 7.79-01 4.93-01 
-1 
-1 -1 

'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The affective COlli8iOn strengths are calculated using the fit 
para~etarr of Itato,Lang,& Berrington 1990 (Atomic Data and Nuclear 
Data T8b108 44,1331,and the analytical formulae (3 & 4) therein. 

The data for transition probabilities among the n-2 and n=3 levels 
. . .  

15-18 to ll.9%, 16-18 to l4.9%, 6-14 to 15.4%, 15-19 to 15.9% 
8-14 to 18.9%, 17-18 to 22.7%, 18-19 to 258, 6-8 t o  38%, 
7-8 to 52.73 

In fact the altaratioru have accentuated the differencee between 
the 1990 & 1994 data for the 6-8,7-8 tranoitione. The comments on 
thir colapariron (above) are unaffected. 

Table 5.9b 
2 + 4  8 5 918657.0 (1s) 

1 2S2(180) (1)0( 0 . 0 )  0.0 (1)l.OOO 
2 2S2P(3PO) *(3)1( 4.0) 82233.9 {1)1.000 
3 2S2P(lPl) (1)1( 1.0) 158797.7 (1)l.OOO 
4 2P2(3PO) *(3)1( 4.0) 213750.2 (1)l.OOO 
5 2P2 (lD2) (1)2( 2.0) 231721.4 (1)l.OOO 
6 2P2(1SO) (1)0( 0 . 0 )  287910.3 (1)l.OOO 
7 2S3S(351) ( 3 ) 0 (  1.0) 546972.7 (1)l.OOO 
8 2S3S(lSO) (l)O( 0 . 0 )  561276.4 {l}l.OOO 
9 2S3P(lPl) (1) 1 ( 1.0) 580824.9 (1)l. 000 
10 2S3P(3PO) +(3)1( 4.0) 582881.9 (1)l.OOO 
11 2S3D(3Dl) *(3)2( 7.0) 600766.4 (1)l.OOO 
12 2S3D(lD2) (1)2( 2.0) 612615.6 (1)l.OOO 
-1 

2 1 3.23+02 6.12-01 5.39-01 4.49-01 3.80-01 3.06-01 2.05-01 1.37-01 
5.00 3 2.50+04 5.00+04 1.25+05 2.50+05 5 .00+05  1.25+06 2.50+06 

3 12.86+09 2.63+00 2.67+00 2.81+00 3.02+00 3.36+00 4.03+00 4.68+00 
4 1 1.87-01 9.33-03 1.08-02 1.20-02 1.16-02 9.92-03 6.84-03 4.65-03 
5 12.96+03 1.10-01 1.13-01 1.17-01 1.16-01 1.10-01 9.09-02 7.28-02 

. . .  
11 2 6.85+10 3.30+00 3.30+00 3.33+00 3.46+00 3.78+00 4.56+00 5.41+00 
10 4 S.27+07 2.09+00 1.79+00 1.21+00 7.72-01 5.35-01 7.72-01 1.32+00 
11 4 3.00-30 2.13+00 1.85+00 1.33+00 9.09-01 5.53-01 2.55-01 1.38-01 
11 10 3.00-30 5.25+01 5.70+01 8.07+01 1.06+02 1.32+02 1.61+02 1.77+02 
-1 
-1 -1 

C 11 12 13 14 15 16 17 18 19 20 
C Selection Vector: 
C 0 1 1 1 o a  2 2  0 0 
C 0 0 0 3 3 3 4  4 4 0 

5.00+06 

5.44+00 
8 -26-02 

2.95-03 
5.54-02 

6.42+00 
2. oo+oo 
7.50-02 
1.89+02 

.------- 



Notes: 



ADAS210: General level unbundling 
The program pmcmics specific ion files of type -04. The specific ion source file is 
co~lvcrtdd to a larger file of similar organisation according to a level 'unbdling' stategy. A 
template file of typc ADF04 must also be available to support the processing. The output file 
is of type ADF04 and suitable for direct entry in the user's ADAS dabbase. 'here is no 
graphical - 
Background theory: 
Consider the electron impact excitation reaction between two excited levels I and J, of an ion 
x+*, of an clement x; 

where EI (EJ) is the excitation energy of level I(J), and EI (EJ) is the incident (scattered) 
electron energy. If we have high precision calculation data for the effective collision strength 
associated with this transition, we may wish to obtain an 'W unbundled' effective collision 
strength componding to the fine structure transition, i d  to j d ,  in LSJ intermediate 
coupling. In ADAS210 we use two methods to do this. First, we may already have lower 
quality data at LSJ resolution. If so, we can use ADAS209 to bundle this data and then form a 
ratio with our new data to use as a premultiplier to our lower quality data i.e. we normalise the 
J proportions of the lower quality, to that of the higher quality data. Therefore, 

Jo LS BLSJ 7''" U = Y i j  Y U  /Y"  5.10.2 

where YijJn denotes the new LSJ effective collision strength, ybJodenotes the lower quality 
LSJ value, ~ I J ~ ~  is the high quality LS resolved value and YIJ BLSJ is the bundled lower 
quality values-and is given by, 

Y u  BLSJ =CCr, 5.10.3 
id jd 

The spontaneous emission coefficients (Einstein A-values), can be calculated in a similar 
manner such that, 

where, 

5.10.4 

5.10.5 
id j3 

with Jo and Jn referring to lower quality J-resolved data and new data respectively and 
superscript LS refening to the higher quality LS resolved data. In this case, the statistical 
weights have been included with analogous markings, and 

5.10.6 

Secondly, if we do not have any LSJ data, we use statistical splitting which gives 

2J+1 )( 2J'+1 )y(a+iL,2s*+iL) 

J J' (2L + 1x2s + 1 )  (2L + 1x2s' + 1 )  
5.10.7 

The A-values are zeroed in this case. 

Parent probkms 

In ionisation and recombination reactions it is proper to distinguish metastable states as well 
as ground stabs as potential final states for ionisation and initial states for recombination. For 
this reason, parent states oftfie ~ + * l  ion me ideatifitxi in the advan~ed fonnat fixm of 
ADm files. Tbest patents Qive tbe poyHllPtioa txlucme calculations d ShOuM be 



included explicitly m any ioniSatiaa baianoe. For light ioaS LS tarm twoh#th a f m  
couplingmrybcmq~imdfffhirrbh(id8~d 

h e t w e e a m  
parents is adequate but a move to mtmnaiwe 
ions. This may also assist m higb resolution -. Coasistancy 
levels in firndammcal and derived data is desirable. Bundling d ~ b u n d b g  &ws t~ 
‘work a! different resolution kvels’. ADAS210 can handle tht unbuadlhg of -binin0 
parent metastables as well as the usual bound excited states of the tacombbd h. 
In unbundling, an additional template parent dataset at LSJ resahrtion is required and tocabad 
by a search mechanism in ADAS210. If available, the pmnt configurations, parent mergbs 
and statistical weights are transcribed fiom the template following the selections e n d  by 
the user. Thrte types of parent metastable information arc identified which appear on thc first 
h e  of the source A D F M  file. These arc ‘term parents’ with code ‘(QS+l>L)’, ‘kwl 
parents’ with code ‘(aS+l>LGJ+l>)’ and unidentified parents ‘(-tat. weight.)’. The latter 
occur when mixed symmetry metastable parents arc combined.The energies are always 
adjusted to account for the energy shift relative to the lowest level of the ion. Only these 
forms are recognised by the subroutines which read A D F M  files. 

In these cases the advanced specification A D F M  files are in use. Such files include 
information about the effective contributions to ionisation from each of the levels to each of 
the parent metastables (for more information see the description of ADAS208 in the last 
chapter of this manual and the specification of the A D F M  format in the Appendix). 

Program steps: 
These are summarised in figure 5.10. 

Figure 5.10 
. _ _  _ _  

Search for , Read and veri@ : Dirplay level list, ’ 

I 

t ’  . .  . 

source file - -  tem1htefile - , __ 

Interactive parameter comments: 
Programs of this series (ADAS2) which make use of data from archived ADAS dataseb 
initiate an interactive dialogue with the user in three parts, namely, input file selection, entry 
of user data and disposition of output. 

The file selection window has the appearance shown below 
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Select Super&ucture file for Template 

Data root I /disk!Uadae/adas/ad4 -*, 

I Browee Commentaj 

1. Selection of the source file to be unbundled is made in the top window. Data root 
a) shows the f i l l  pathway to the appropriate data subdirectories. Click the 
Centraf Data button to insert the default central ADAS pathway to the correct 
data type. The appropriate ADAS data format for input to this program is ADF04 
('specific ion files'). Click the User Data button to insert the pathway to your 
own data. Note that your data must be held in a similar file structure to central 
ADAS, but with your identifier replacing the fmt &, to use this facility. 

2. The Data root can be edited directly. Click the Edit Path Name button fmt to 
permit editing. 

3. Available subdirectories are shown in the large file display window c). Scroll 
bars appear if the number of entries exceed the file display window size. 

4. Click on a name to select it. The selected name appears in the smaller selection 
window b) above the file display window. Then its sub-directories in turn are 
displayed in the file display window. Ultimately the individual -des are . 

presented fix selection. Datafiles all have the termination .&. 
5. Once the data files are selected, the set of buttons at the bottom of the main 

window become active. 

6. Clicking 011 tbc Browse Comments button displays any infonnat#w storedwith 
the scWdstafik. It is importantto use this fhcility to find out what is broadly 



7. Selection of  the 'tcmpb' fik which assists ia tfre unhndhg is rrut! in the 
lower window a! d) and e) as far the soutot file, Ihe mfbnnrsioor line rtfias to a 
'Superstructure file' as template. We have mass produced such fib at high 
resolution and they provide a good starting point. It is not obl- to use an 
ADFO4 file produced h m  the 'Supcrstnrcarrc' code as a template, but it must be 
drawn fiom a data collection with the same detailed naming convu~tiom as 
Superstructure collcctions. Incidentally such files arc held in their O W ~  
subdirectories of the /ADW directory according to isoelectronic saquen~e. 
Look for the code letter 7' at the end of the ion name to tell you tha! the file is of 

8. Clicking the Done button moves you forward to the next screen. Clicking the 

high (ie. LSJ) resolution (eg. /. . . / ~ ~ ~ ~ 4 / ~ 0 ~ ~ s ~ ~ c o p s s # b e / c o p s s # b e _ s s ~  

Cancel button takes you back to the previous scrcen 

The processing options window has the appearance shown below 

'1 282 (l)O( b.01 Ion : 0+4 Nudser Charge: 8 
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1 .  At a), two buttons are present to allow unbundling of the levels of the selected 
ion and then unbundling of the parents of these levels. The parents are the 
ground and metastable levels of the next higher ion to which ionisation may take 
place or fiom which recombination may take place. For basic studies, you will 
probably be using ADFM datasets which omit recombination and assume 
ionisation only to the ground state of the next higher ion. Then the subtleties of 
parents may be ignored. This parent unbundling option is non-trivial only when 
the advanced ADF04 specification is being used. More details are given in the 
ADAS Manual. Click the appropriate button to fill the left side level display 
window b) and the right side Unbundling window d). 

2. "he level list displayed in the window a! b) is fiom the source file which is to be 
unbundled and is for information only. It is a simple transcription of the list from 
the head of the source ADF04 file. 

3. Note drat the Data Fik at the right hand side c) is the template file. 

4. In the W e 1  Unbundling window, the i n k  number, configuration specification, 
(2S+I)L(J) quantum numbers and tbe level energy (cm-I) are given for each 
level m a separate display window with an editable box to its right d). The 

AtmiClk4rdAnr)yrJr-n c o p i A O w # ) ~ ~ Q l & b .  13 



ditaMc box is for endaiag drc inrkx wmbg of the source file level which you 
Wi!&tOassocrate with the high r e s o h I  tunpatc file kvel. Essentially the 
telnpk levels ale brmdlad first m tbe proccdm for associatioll with the low 
ruduth sostfce levels. That is template levels which are to be grouped are 
given the index number of their associatad b w  resolution source file level. Tben 
&e low resolution level is unbundlad in the proportrons of the template file levels 
fmmg the group. Remember to pnss Return after entering each rwsocirted 
level index. 

5. When you bave finished the level allocation, click the Parent Unbundling button 
at a) to execute parent bundling. Note you may proceed to the next screen 
directly by clicking the Done button after level unbundling, but in this case a 
defiwh ‘(1s)’ parent is introduced. In this circumstance it is advisable to check 
that the top line of the output specific ion file is consistent with your intentions. 

6. On clicking the Parent Unbundling button the window at b) is filled with the 
parent information fiom the source file. The window at d) by contrast is filled 
with level information fiom a template file for the adjacent higher ion of the same 
sub-dircctory class as the template file for the level unbundling. Thus if 
Y . . / & ~ ~ 4 / c o p s s # b d c o p s s # b e  ss#04j.&t ’ was the level template then 
Y .  ./~tar/n~ar/4d~)4/copss#1i/copss#li s205j. dat ’ is the parent template. The 
information format is a little differentfriom that ofthe levels. The first value is 
the index number, followed by the parent term character string (in brackets) as 
given on the top line of the ADFM file. The numerical value of the parent 
statistical weight follows with finally the parent energy (cm-1) relative to the 
lowest level of the ion. In the single parent case therefore this is just the 
ionisation potential. 

7. Note that the organisation of all ADFM datasets at present is such that although 
energy levels may be at the J-resolved intermediate coupling resolution, the 
parents are at term resolution. The parent subject is of some depth and more 
details are given in the ADAS User Manual. For basic studies, these issues may 
be ignored. 

8. Note the icon for Exit to Menu at (e). This quits the program and returns you to 
the ADAS series 2 menu. Remember that Done takes you forward to the next 
screen while Cancel takes you back to the previous screen 

The output options window is of restricted form. It only offers the option of an output file. 
This part is of the same layout as codes previously described. 

, .  

9. The name of the source data file which has been unbundled is repeated at (a) for 
infoanation. The ‘output file is the unbundled ADFM file and it is of the comt  
foamat for re-entry in the ADFM databse. The comments section a! the end of 
the output ADFO4 file details the source ADFO4 file and the unbundling imposed. 

10. By dafauh dre output fik is sent to your /parr file SubdireCtary as U n b d e . p s s .  
You shouki ensure that you have created a/parJ sub-dircdory of you personal 
/& dirsctory to receive such fiks. 

11.- ism, graphical output option. 



An example of a source data set for unbundling is given in figure 5.1Oa and tlie un- 
output ADFW file in figure 5.lOb. The sosvce sample herc is m fbct a bundied file fi.am a 
prior ADAS209 run. In the comments scctjon at the end of the unbundled data fib, the 
bundling details are recorded by giving the Templute ftle i-hg and the w / u c  
ussignment. Note that the Parent lrnbudittg ueczw is blank recognising drat no v t  
unbundling was done in this case. On the top line of the unbundkd file '( 1s)' aterad by 
default. 

Table 5.1 Oa 
0 + 4  8 5 918657.0 (1s) 

1 2S2(1SO) (1)0( 0.0) 0.0 (1)1.000 
2 2S2P(3PO) *(3)1( 4.0) 82233.9 (1)l.OOO 
3 2S2P(lPl) (1)1( 1.0) 158797.7 (1)l.OOO 
4 2P2(3PO) +(3)1( 4.0) 213750.2 (1)l.OOO 
5 2P2(1D2) (1)2( 2.0) 231721.4 (1)l.OOO 
6 2P2(1SO) (1)0( 0.0) 287910.3 (1)l.OOO 
7 2s3s ( 3 ~ 1 )  ( 3 ) 0 (  1.0) 546972.7 (1)l.OOO 
8 2S3S(lSO) (1)0( 0.0) 561276.4 (1)l.OOO 
9 2S3P(lPl) (1)1( 1.0) 580824.9 {1)1.000 

10 2S3P(3PO) +(3)1( 4.0) 582881.9 (1)l.OOO 
11 2S3D(3D1) +(3)2( 7.0) 600766.4 (1)l.OOO 
12 2S3D(lD2) (1)2( 2.0) 612615.6 (l}l.OOO 
-1 

2 1 7.23+02 6.12-01 5.39-01 4.49-01 3.80-01 3.06-01 2.05-01 1.37-01 8.26-02 
5.00 3 2.50+04 5.00+04 1.25+05 2.50+05 5 . 0 0 + 0 5  1.25+06 2.50+06 5.00+06 

3 12.86+09 2.63+00 2.67+00 2.81+00 3.02+00 3 . 3 6 + 0 0  4.03+00 4.68+00 5 .44+00  
4 1 1.87-01 9-33-03 1.08-02 1.20-02 1.16-02 9.92-03 6.84-03 4.65-03 2-95-03 

2.28+00 1.91+00 1.67+00 1.55+00 1.49+00 1.40+00 1.23+00 
3.30+00 3 . 3 3 + 0 0  3.46+00 3.78+00 4.56+00 5.41+00 6.42+00 
1.79+00 1.21+00 7.72-01 5.35-01 7.72-01 1.32+00 2.00+00 
1.85+00 1.33+00 9.09-01 5.53-01 2.55-01 1.38-01 7.50-02 
5.70+01 8.07+01 1.06+02 1.32+02 1.61+02 1.77+02 1.89+02 

10 2 9.61+05 2.50+00 
11 2 6.85+10 3.30+00 
10 4 5.27+07 2.09+00 
11 4 3.00-30 2.13+00 
11 10 3.00-30 5.25+01 
-1 
-1 -1 

c-------- - - - - - - - - - - - - - - -  
C 
C LS bundled data set,reassembled from the J-resolved data set 
C 'belike-jl1994o.dat'. 
C 
C being altered to work for any data set.It sum8 level gammae over the 
C relevant term,renumbers the indexing and recalculate8 the energies and A 
C values. 
C 
C All the corrections and comments in 'belike-jll9940,dat' also apply to 
C this dataset. 
C 
C 
C 
C belike - j11990o.dat) 
C 
C D.H.Brooks 9.11.94 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C 
C 
C 
C Program: ADASDN 
C 
C Source file: /home/brooks/sunadas/belike/Jll994o.~t 
C 
C Cross-reference file: None 
C IDL interface: b9ispf.pro (adas209) 
C 
C Original level indexing: 

C 11 12 13 14 15 16 17 18 19 20 
c Selection Vector: 

This was done using a program suitable only for CIV but which is currently 

The output A values match those of belike-wjd92#o.dat1except for the 
ones calculated from superstructur using the same J-resolved A values (from 

File generated by compression of a J-resolved file 

C 1 2 3 4 5 6 7 8 9 10 

C 0 1 1 1 0 2 2 2 0 0 
C 0 0 0 3 3 3 4 4 4 0 
C 
c Original parent metastables: 
C (1s) 
C Parent bundling vector: 
C 0 
C 
C 
C 
C Date: 16/08/95 
C 

Insert producer id here: D.H.Brooks 

c - - - - - - - - - - - - - - - - - - - " - " " - " " " - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  



Q + 4  8 5 918657.0 (18) 
1 282 ( l ) O (  0 . 0 )  0 .0  
2 2r1 2pl (3)1( 0 . 0 )  82544.5 
3 281 2pl 0)1( 1.0) (12698.1 
4 a11 ;cpi (3)1( 2.0)  83007.2 
5 281 -1 (1)1( 1.0) 168195.9 
6 *2 (3)1(  0 . 0 )  215600.0 
7 2P2 (3)1(  1.0) 2157S5.1 
8 2P2 (3)1(  2.0) 216059.3 
9 2p2 (1)2( 2.0) 239295.5 

10  302 (1 )0(  0 . 0 )  300329.8 
11 281 381 ( 3 ) O (  1.0) 545969.0 
12  211 3 r l  (1 )0(  0 . 0 )  562088.2 
13  2 r l  3pl (1)1( 1.0) 511234.9 
14 2 r l  3 p l  (3)1(  0 . 0 )  582531.6 
15 281 3 p l  (3 )1(  1 .0 )  562569.6 
16 281 3p l  (3 )1(  2.0) 582640.4 
17  211 3 d l  (3 )2 (  1.0)  601247.4 
19  2 r l  341 (3 )2 (  2.0)  601262.9 
19  281 341 (3)2(  3 . 0 )  601286.1 

1 ) 2 (  2.0) 616042.1 

5.00+04 1.25+05 2.50+05 5.00+05 1.25+06 2.50+06 5.00+06 

2.67+00 2.81+00 3.02+00 3.36+00 4.03+00 4.68+00 5.44+00 
5.39-01 4.49-01 3.80-01 3.06-01 2.05-01 1-37-01 8.26-02 

20 2.1 3 d l  
-1 

3 12 .17+03  6.12-01 
5 . 0 0  3 2.50+04 

5 1 2.96+09 2.63+00 
. . .  

18 15  2.26-30 1.31+01 1.42+01 2.01+01 2.65+01 3.30+01 4.02+01 4.42+01 4.72+01 
18 16 7.44-31 4.38+00 4.75+00 6.74+00 8.84+00 1.10+01 1.34+01 1.47+01 1.57+01 
19  16 3.00-30 2.45+01 2.67+01 3.77+01 4.95+01 6.17+01 7.52+01 8.28+01 8.83+01 
-1 
-1 -1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

m - 
2 

2 Program: -210 

2 Source file: / h ~ / b r o o k e / a b a e / a d f O 4 / ~ l i k e / ~ l i k e _ d t  
2 Template file: 
2 / h ~ / b r w k a / a d a a / a d f O 4 / c ~ a a # ~ / c ~ a o # ~ ~ s ~ # ~ j . ~ t  

2 Template Pile indexing: - 1 2 3 4 5 6 7 8 9 1 0  - 11 12 13 14 15  16 17 18 19  20 
2 21 22 23 24 25 26 27 28 29 30 
2 31 32 33 34 35 36 37 38 39 40 
2 41 42 43 44 45 46 
2 Source Pile Amignarent: - 0 2 2 2 0 4 4 4 0 0 - 0 0 0 10  10  10 11 11 11 0 - 0 0 0 0 0 0 0 0 0 0 
L 0 0 0 0 0 0 0 0 0 0 
b 0 0 0 0 0 0 
C 
E Original parent metastableo: 

2 Parent unbundling vector: 

C 
C 
C Inrert producer id here: 
C Date: 19/01/96 
C 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Pile generated by axpuuion of an LS-resolved file 
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Advanced population and line 
emission studies 

This section introduces two programs fiom ADASS series and one fiom ADAS2 series as 
shown in figure 6.0 The programs are concerned with linking two streams of population 
modelling. The first stream is concerned with the modelling and prediction of detailed 
spectral line emission fiom plasmas commencing with a collection of 'complete' reaction data 
for an identified group of levels of an individual ion, called a specijic ionfile (type ADFM). 
Specific ion files have been encountered already in an earlier chapter and can include state 
selective recombination, charge exchange recombination, electron impact ionisation and ion 
impact excitation coefficient data, as well as the primary content of electron impact excitation 
data. . The derived data of most general value for spectral analysis are photon emissivity 
coeflcients (PRC) and ionisations per photon (SXB). 

The second stream is concerned with the modelling and prediction of effective recombination, 
ionisation and related coeficients in finite density thermal plasma. Such coeficients are 
required in a metastable resolved picture, rather than just the stage to stage form, for the most 
accurate studies. In practice the complete set of coefficients used in plasma modelling 
extends to collisional-radiative recombination (ACD), ionisation (SCD), charge exchange 
recombination (CCD), metastable cross-coupling (QCD), parent metastable cross-caupling 
(XCD), recombination-cascade power (PRB), charge exchange recornbination power (PRC) 
and low-level line power (PLT). Collectively we call these the generalised collisional 
radiative (GCR) coeficients. In ADAS such data are fvst stored in an iso-electronic sequcnce 
collections of ADAS data format ADFIO. Subsequently they are reassembled in an iso- 
nuclear form more suited to ionisation balance modelling. 

The most refmed photon emissivity (PEC) (type ADF I S), ionisation per photon (SXB) (type 
ADF13) and generalised collisionaI-radiutive (GCR) data are produced (the latter 8s a 
complete set of files of type ADFIO) by the program ADAS208. This is an advanced version 
of ADAS205 which merges the key parts of the two streams. It draws necessary additional 
data on zero density ionisation coeflcients (type ADF07), and two more complex data types 
called expansion data (ADFI 8 )  and conchsation abtu (ADFI 7), which are beyond the scope 
of this discussion. SXB data is not used much in astrophysics and are not discwsed firrther 
here (cf. the main ADAS User Manual). 

The two other programs presented in this chapter are ADAS502 which is interrogative on the 
terodensity ionisation coefficient files of type ADFO7, and ADAS503, which is h ~ v e  
on the photon emissivity files of type ADFl5. 
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ADASSO2: SZD graph and fit zerodensity 
ionisation coefficients 

The progrpm interrogates zeto-dtnsity electnwr impact ionisation rate coefkieat (SED) files 
of type ADFO7. The data may be interpolatbd using cubic splints at selected e l m  
temperatures. A minima polynomial approximation is made to the interpolated data. The 
interpolated data are displayed and a tabulation preparcd. The tabular and graphical output 
may be printed and includes the polynomial approximation. 

Background theory: 
Consider the ionisation reaction 

6.2.1 X,"+e+X +Z+l + e + e  
PP 

+r+l where the ion X+' in initial state y is ionised leaving the residual ion x in the state pp. 
Often ionisation from the ground state of the ion x+' only is present in sources of atomic 
data. Also the particular final state of the ion x is not specified, but rather a sum over 
final states is given. For more detailed studies, 'metastable resolved' ionisation data is 
required, that is where the states y and pp are metastable are required. If the ionisation cross- 

section for the reaction 6.2.1 is QY+,,p (Z+Z+l) (E), then the program accesses Maxwell averaged 
rate coefficients of the form 

+t+l 

O' @;p+"(E) 
(E I kT,) exp(-& I kT,)d(E I kT,) I naf 4 .pp 1 4  

6.2.2 

where 2f iaca:  =2.1716x10' 8 cm 3 1  s- . 

In a plasma of zero density where there is no stepwise ionisation through excited states, the 
above ionisation rate coefficient is the effective ionisation rate coefficient from y to pp. It is 
called the zero density ionisation rate coeffrcient. Collections of such coefficients are held in 
'SZD' archived files of ADAS data format type ADF07. Each file is for an element and 
contains metastable resolved ionisation coefficients sY+pr (z+z+l)( c ) and the summed ionisation 
coe fficients 

for each adjacent ion pair of the element. 

Program steps: 
These are summarised in figure 6.2. 

6.2.3 



Figure 6.2 

Interactive parameter comments: 
Programs of this series (ADASS) which make use of data from archived ADAS datasets 
initiate an interactive dialogue with the user in three parts, namely, input file selection, entry 
of USCT data and dqosition of output. 

The file rtlcction *don has the appearance shown below 

Input Dataaet I 

! 

1. Data root a) shows the fbll pathway to the appqxiate data subdirectories. Click 
the Centtal Data button to insert the default central ADAS pathway to the coned 
data typt. Note drat each type of data is stored according to its ADAS data 
format (actfnumber). Click the User Data button to insert dre pathway to your 
own data. Note that your data must be held in a similar file stnrcture to central 
ADAS, but with your identifier rgplacing the first &, to use this facility. 

2. The Data roof cm be edited directly. Click the &&Path Nome button first to 
pamitcditing. 
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4. 

5. 

6. 

7. 

opbntb.r,yar mrrd rcrsrberbo prrrw tkngrrr b y  61 tk- * 
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Available su- arc shown m the large file display window b). saoll 
bars appeat if the number of entries c x d  the file display window b. 
Click on a name to select it. ‘Ihe selected name appcrus in the smallas mlaction 

inmm 
displayed in the file display window. Ultimately the individual rbtafik arc 
presented for selection. Datafiles all have the tamination .&. 
Once a data file is selected, the set of buttons a! the bottom of the main wiadow 
become active. 

Clicking on the Browse Cornmews button displays any information stored with 
the selected datafile. It is important to use this bility to find out what is broadly 
available in the dataset. The possibility of browsing the comments appears the 
subsequent main window also. 

Clicking the Done button moves you forward to the next window. Clickmg the 
Cancel button takes you back to the previous window 

window c) above the file display window. Thar its subdimctmes 

The processing options window has the appearance shown below 

1. An arbitrary title may be given for the case being proctssed a). For information 
the f i l l  pathway to the dataset being analysed is also shown. The button Browse 
comments again allows display of the information field section at the foot of the 
selected dataset, if it exists. 

2. The output data extracted fiom the datafile, in the case of ADAS502, an 
‘ionisation rate coefficient’, may be fitted with a polynomial. This is as a 
function of temperature. Clicking the Fit polynomial button b) activates this. 
The accuracy of the fitting required may be specified in the editable box. The 
value in the box is editable only if the Fit Polynomial button is active. 
Remember to press the return key on tbe keyboard to record the value. 

3. Available rate coefficients in the data set are displayed in the coefficient list 
display window. This is a scrollable window using the scroll bar to the right of 
the window. Click anywhere on the row for a coefficient to select it. The 
selected rate appears in the selection window c) just above the coefficient list 
display window. 

4. Your settings of electron temperatures (output) are shown in the temperaturt 
display window d). The temperature values at which the ionisation rate 
coefficients are stored in the datafile (input) are also shown for information. 

5. The program recovers the output temperatures you used when last executing the 
program. Pressing the Default Temperature values button inserts a default set of 
temperatures equal to the input temperatures. 

6. The Temperature Values are editable. Click on the Edir Table button if you wish 
to change the values. A ‘dropdown’ window, the ADAS Table Editor window, 
appears as shown below: 
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The ortput options window appearaace is shown below 

1 .  As in the previous window, the full pathway to the file being analysed is shown 
far information. Also the Browse comments butcon is available. 

2. Graphrcal display is adivafed by thc Gmphicd button a). This will cause 
a gqh to be displayed foliowing compi&on of this window. When graphical 
@lay is active, an arbitrary titk may be catered which appears on the top line 
of the displayed greph. By dcfiulit, graph scaling is adjusted to match the 
xquitcd outp\ds. Press the Explicit scaling button b) to allow explicit minima 
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3. Hard copy is activated by the Enable Hard Copy button c). The File name box 
then becomes editable. If the output graphic file already exits and the Replace 
button has not been activated, a 'pop-up' window issues a warning. 

4. A choice of output graph plotting devices is given in the Device list window d). 
Clicking on the required device selects it. It appears in the selection window 
above the Device list window. 

5. The Text Output button activates writing to a text output file. The file name may 
be entered in the editable File name box when Tat Output is on. The default file 
name 'paper.txt'may be set by pressing the button Defmfffife nume. A 'popup' 
window issues a warning if the file already exists and the Repfuce button has not 
been activated. 

6. The graph is displayed in a following Graphical Output window as shown 
below. 

Illustration: 
Figure 6.2a shows &e zero density ionisatkm rate d c i e n t  for the tfaction 
Heo(ls2 'SI + e -+ He" (IS 's) +e + e. The solid line is the splint fit used fix t i~e main 
interpolation and the dashed curve is the minbax fit. 



Table 6.2a 
ADAS RELWB: ADAS91 V1.10 PROGRAM: ADAS502 V1.l DAm: 11/03/94 TIME: 13:19 
* *  TABULAR OUTPUT FROM ZERO DENSITY IONIZATION RATB-COEPPICIBNT INTERROGATION PROGRAM: ADA!S502 - DATE: 11/03/94 

k *  

- - - - - - - - - - - - - - - - - - -  HELIUM TEST - - - - - - - - - - - - - - - - - - -  
ZERO-DENSITY IONIZATION RATE-COEFPICIBNT AS A FUNCTION OF ELECTRON TEMPERATURE 
- - - - - - - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

DATA GENERATED USING PROGRAM: ADAS502 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FILE: JETSHP.IONBLEC.DATA(SZD#HE) - DATA-BLOCK: 
IONISING ION INFORMATION: 

ELEMBWI' NAME = HELIUM 
BLBMENT SYMBOL = H E  
NUCLBAR CHARGE (ZO) - 2 

. . . . . . . . . . . . . . . . . . . . . . . . .  

BFFECTrVB IONIZATION PUX'BNTIAL = 198305.0 cm-1 

INITIAL STATE: 
ION = HE+ 0 
ION CHARGE (2) - 0 
METASTABLE INDEX - 1  

ION = HE+ 1 
ION CHARGE (21) = 1 
mASTABLE INDEX - 1  

FINAL STATB: 

- - - - - - - -  BLgmm TEllppRAm - - - - - - - -  
kelvin eV K/Z1**2 

1.161D+04 1 .OOOD+OO l.i61D+O4 
2.321D+O4 2.0OOD+OO 2.3210+04 
3.482D+04 3.0OOD+OO 3.482D+04 
5.803D+04 S .  OOOD+OO 5.803D+04 
8.124D+04 7. OOOD+OO 8.124D+O4 
1.161D+05 l.OOOD+Ol l.lblD+OS 
2.321D+OS 2.00OD+Ol 2.321D+05 
3.482D+05 3.0OOD+Ol 3.482D+OS 
5.803D+05 5.0OOD+Ol 5.803D+Of 
@.124D+OS 3.000D+01 8.124D+05 
1.161D+06 l.OOOD+O2 1.161D+06 

1 

ION1 ZATION RATB - COBPFT . 
c ~ * * ~ / B c c .  
4.921D-20 
1.558D-14 
1.187D-12 
4.2930-11 
2.152D-10 
7.6773)-10 
3.9281)-09 
7.3050-09 
1.2651)-08 
1.6300-08 
1.980D-08 
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Notes: 



ADAS503: PEC graph and fit photon emissivity 
coefficients 

The program bttcmptes photon emissivity (PEC) files of type ADFlS. The coefficient is 
extracted for a selected radiative transition of an ion. The data may be inttrpolated using 
cubic spiines at selected electron temperature/eleztron density pairs. A minimax polynomial 
approximation is made to the interpolated data. The interpolated data are displayed and a 
tabulation prepared. The tabular and graphical output may be printed and includes the 
polynomial approximation. 

Background theory: 
The emissivity in a transition j -b k of an ion may be written (see equation6.8.7) as 

a-l uv= I 
6.3.1 

where Nu denotes the population density of the specified ion in the metastable state (3, Ni, 
denotes the population density of ions in the metastable state U' of the adjacent higher 
ionisation stage and Nil denotes the population density of ions in the metastable state p' of 

are the effective 
contributions to the population of the upper excited level j of the transition from excitation 
from the metastables, fiom free electron capture, from charge exchange recombination from 
neutral hydrogen and from ionisation respectively. All these coefficients depend on density 
as well as temperature. Ne is the electron density and N,, the neutral hydrogen density . 

This allows specification of the excitation photon emissivity coefficient 

( u c )  p c )  4w 7 (ion) 
the adjacent lower ionisation stage. The {Tb , J,u, , J ~ , ~ ~  and jI,N 

the recombination photon emissivity coefficient 

the charge exchange photon emissivity coeficient 

6.3.3 

6.3.4 

and the inner shell ionisation photon emissivity coefficient 

PEC data are extracted fiom archived files of type ADF15. They are interpolated by cubic 
splhes in elcctron temperature and density to provide results at an arbitrary set of 
temperature/dcnsity pairS. The interpolated data are approximated by a minimax polynomial 
and a graph produced. A tabulation of the the interpolated spline data and the minimax 
approximation is ppared. 

Program steps: 
These are summarised m figure 6.3. 
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Interactive parameter comments: 
Programs of this series (ADASS) which make use of  data from archived ADAS dahsets 
initiate an interactive dialogue with the user in three parts, namely, input file selection, entry 
of user data and disposition of output. 

The file selection window has the appearance shown below 

~ . . . .  

ADAS503 INPUT ,v ~ 

+ - - - L  .. ... . . . . . . . . . .  

Input Datase t 

v Data root /dhk2/adaa/adadadfl& 

... .............. 

j Central data ' Ueer data ' Edit Path Name ' 
l a) <-- . __ -. . -. - - . _ .  

- . -. . . . . . . . . . .  

I peC9Mbe . - ................ 

pec93#be-ll#beO.da t 

pec93#be-llu#beO .dat v. 

~ ! 

! 

I . . . . . . . . . . . . . . . . . . . . . . .  

I L~ .. . . . . .  -. . .- . . . . . . . . . . . . . . . . .  .- . 

1 .  Data root a) shows the full pathway to the appropriate data subdirectorits. Click 
the Central Data button to insert the default central ADAS pathway to the correct 
data type. Note that each type of data is stored according to its ADAS data 
format (flnumber). Click the User Data button to insert the pathway to your 
own data. Note that your data must be held in a similar file structure to central 
ADAS, but with your identifier replacing the first &, to use this facility. 

2. The Data toot can be edited directly. Click tbc Edir Path N m  button first to 
permit editing. 



3. Availabksubdiredones ’ arc shown m tbe large file display window b). Scroll 
h appear if the number of entries exceed tbe file display window size. 

4. Click on a name to select it. The selected name appears in the smaller selection 
window c) above the file display window. Then its sub-dhxtories in turn are 
displayed in the file display window. Ultimately the individual datafiles are 
prcstntcd for selection. Datafiles all have the termination .a. 

5. Once a data file is selected, the set of buttons at the bottom of the main window 
become active. 

6. Clicking on the Browse Comments button displays any information stored with 
the selected datafile. It is important to use this facility to find out what is broadly 
available in the dataset. The possibility of browsing the comments appears in the 
subsequent main window also. 

7. Clicking the Done button moves you forward to the next window. Clicking the 
Cancel button takes you back to the previous window 

The processing options window has the appearance shown below 

1 .  

2. 

3. 

4. 

5 .  

6.  

An arbitrary title may be given for the case being processed a). For information 
the full pathway to the dataset being analysed is also shown. The button Browse 
comments again allows display of the information field section at the foot of the 
selected dataset, if it exists. 

The output data extracted fiom the datafile, in the case of ADAS503, an 
‘emissivity coefficient’, may be fitted with a polynomial. This is as a function of 
temperature. Clicking the Fit polynomial button b) activates this. The accuracy 
of the fitting required may be specified in the editable box. The value in the box 
is editable only if the Fit Polynomial button is active. Remember to press the 
return key on the keyboard to record the value. 

Spectrum lines for which emissivity coefficients are available in the data set are 
displayed in the line list display window. This is a scrollable window using the 
scroll bar to the right of the window. Click anywhere on the row for a line to 
select it. The selected line appears in the selection window c) just above the line 
list display window. 

Your settings of electron temperature/electron density pairs (outputs) are shown 
in the temperature/density display window d). The temperature and density 
values at which the emissivity coefficients are stored in the datafile (inputs) are 
also shown for information. Note tbat you must give temperaturddensity 
pairs, ie. the same number of each as for a model. The underlying datafile has 
a two-dimensional storage as a function of temperature 

The program recovers the output temperature/density pairs you used when last 
executing the program. Pressing the Defmlt Temperature values button inserts a 
default set of temperatures equal to the input temperatures, all at the same 
density. A choice of density fiom the input density set is allowed on a ‘popup’ 
window. 

The Temperature & Density Values are editable. Click on the Edit Table button 
if you wish to change the values. A ‘dropdown’ window, the ADAS Table 
Editor window, appears as shown below: 

density. 



,/' , f  

,/ 

! 
! 

i 
i 
I 

i 

I 
! 

j 

i 
I 
I 

I 

I 
I 

! 

! 
i 

I 

I 

Data6item: kiiswadd- '&&simt 

I--- i ----- - -.  . __ .- BmsrSecmm!mta __________.__- .. .~.I ............. --,I.-- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -- -----.----I- 

................... J 

. . . . . . . . . . . . . . .  . . . .  - . . . . .  -__ ............. .. -_.-_I . -..-I - - . - . . ._I  

L--- - .- . - ... _. __ . -. .- - .. - . . . . . . . . .  . __ . . . . . . . . . . .  . . . .  ---. I- .  . . . .  ---------.-.-d 

1 
I 

. . .  .___.-______. ...- J 

-- ... - . . . . . .  . .  - . . . . . .  . . . . . .  ...... . . . . . . .  .-.-.--..---- 

. . . . . . .  T 
L--. 3321. -- IA WJD91mE -. ADAS1x)B~ . . . .  - -. . - ..- . . .  . .  ...... 
1 3  

- - 
...... . . . . . . . . . . .  .. ....... _- . .- . ._- . -  .-.-..---.-.--_I -.I 7 . 3  . .  . .  -- -- - .  

; 1  
1 2  

3 
4 
5 

.... -. . . . . . . . .  

- -_ ........ -. . . . . .  - ... 

2349.u WJDSWBE ADASm T 
1661.5A WJDSWBE ADAS206 T 
3321.M WJDSWBE ADAS206 T 
26!51.4A WJDSWBE AD- T 
2495.4A WJDSWBE AD- T 

//*i 
I i  i 

Temperatam & Density Valuee 

Temperature 
- 

Index Output Input 

I 1 
2 
3 
4 
5 
6 
7 
a 

Density 

output 

. . . . . . . . . .  . .  . .  - _-_ - , .  . . . . . . . . .  

' <  
, .  

. - - ...... __ . . . . . . . . . . . . .  I '  

. .  I _ .......... 

Temperatureunita : eV Densityunita . . . .  : cm3 
/ I i  . . . . . . . . . . .  
I .  

Edtt Table . .  . _  . . . . . . . . . . . .  8 ,  

, I  . . . . . . .  Defauit Tenrperature ~~. . . . .  
: ~ r------. 
! I ;  
, ; i  . . .  . .  . . .  

_ .  . .- _ _  . . . . . . . . .  

- i y & v  &ne' 
-_. . .. i i - 

lL.- .-  ... __ . . . . . . . . . . . . . . . . . . . . .  

'2  
Input 

l.tmEi+llJ. 
2.OoOE.el1: 
3.ooOE+11' 
1.oooE.+l~! 
2.oooJ3+14 
5.OOOBl4 
1 . ~ 1 3 i i  
2.oooE+13( 

' J  

I 
! 
i 
! 

! 

I 

I 

I 
I 
i 

j 

..... - . . .  _-_* 

The output options window appearance is shown below 

1. As in the previous window, the full pathway to the file being analysed is shown 
for information. Also the Browse con~nenkr button is available. 

2. Graphical display is activated by the Grqhical output button a). This will cause 
a graph to be &played following completion of this window. When graphical 
display is active, an arbitrary title may be entered which appears on the top line 
of the displayed graph. By defauft, graph scaling is adjusted to match the 
required m. Press the Expricif scaling button b) to a l b  explicit mmima 

Abornic Oorbr and A- Stmctum -poOutrSkrr- 13 



a d  maxima for the graph axes to be inserted. Activating this button makes the 
minirnum and maximum boxes editable. 

a . . . . . . . . . . . . . . . . . . . .  

....................... ...... ..... , 

3. Hard copy is activated by the Enable Hard Copy button c). The File name box 
then becomes editable. If  the output graphic file already exits and the Replace 
button has not been activated, a ‘popup’ window issues a warning. 

4. A choice of output graph plotting devices is given in the Device list window d). 
Clicking on the required device selects it. It appears in the selection window 
above the Device list window. 

5.  The Tat ourput button activates writing to a text output file. The file name may 
be entered in the editable File name box when Text Output is on. The default file 
name ‘paper.txt’may be set by pressing the button Defatrltfire name. A ‘popup’ 
window issues a warning if the file already exists and the Replace button has not 
been activated. 

6. The graph is displayed in a following Graphical Output window. 

Illustration: 
associated with the ground state Figure 6.3a shows a PEC coefficient of excitatiun 

(metastable 1) for the spactrum line Be1 (2s2p IP - 2s S) of neutral beryllium. The solid 
line ccmccts the s p k  fit points obtained in the main interpolation and the dashed curve is 
themhimacfit. 

Tl 
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Table 6.3a 
ADAS RELBASE: ADAS91 V1.10 PROGRAM: ADAS503 V1.l DATX: 11/03/94 TIME: 13:51 
* * * * * * * * * * *  TABULAR OUTPUT FROM PHOTON BMISSIVITY INTERROGATION PROGRAM: ADAS503 - DATB: 11/03/94 

* * * * * * * * * *  

- - - - - - - - - - - - - - - - - - -  PHOTON BMISSIVITIES FOR BE1 - - - - - - - - - - - - - - - - - - -  
PHOTON BMISSIVITIBS AS A FUNCTION OF ELECTFtON TEMPERATURE AND DENSITY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

DATA GENERATED USING PROGRAM: ADAS503 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

FILE: JETSHP.PEC93#BE.DATA(PJR#BEO) - DATA-BLOCK: 6 
EMITTING ION INFORMATION: 

ELEMENT NAME = BERYLLIUM 
ELEMENT SYMBOL - BE 
NUCLEAR CHARGE (20)  = 4 
CHARGE STATE (2 )  = 0 

. . . . . . . . . . . . . . . . . . . . . . . . .  

WAVELWGTH (angstrome) = 2351.5 A 
SPECIPIC ION FILB SOURCE - WJD91#BE 
DATA TYPE CODE - EXCIT 
METASTABLE INDEX = 1  

ELECIWON TEMPERATURE - - -  ELECTRON DENSITY PHOT. BMISS. 
kelvin eV cm- 3 cm*+3 6-1 

2.321D+04 2.000D+00 1.000D+12 3.760D-12 
5.803D+O4 5.000D+00 1.000D+12 1.690D-11 
1.161D+05 1.000D+01 1.000D+12 2.200D-11 

l.OOOD+12 2. S2OD-11 2.321D+05 2.000D+01 
3.482D+05 3.000D+01 1.000D+12 2.250D-11 
5.803D+05 5.000D+01 1.000D+12 1.34OD-11 

1.000D+12 5 .  BSOD-12 9.284D+05 8.000D+01 

- - -  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

NOTE: -> PHOTON BMISSIVITIES EXTRAPOLATHD FOR TEMPgRATURE/DE#SIm VALUE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 



ADAS208: Specific z excitation = advanced 
population processing 

Tbe program allows calculation of excited state populations of ions in a plasma of specified 
tempcratum and densitits by drawing on fundamental energy level and rate coefficient data 
from a specific ion file. It extends ADAS205 by inclusion of metsstable parents, the 
condctlsed influence of very highly excited level populations and inner shell ionisation 
fming excited states. It allows consistent inclusion of three-body recombination and 
selective improvement of metastable ionisation rates. Datafiles of derived generalised 
collisional-radiative coeficients may be gentrated. 

Background theory: 
Consider ions x+' of the element x. The adjacent ionisation stages are X+'+I and X+'-'. 
Let the levels of the ion x" be separated into the metastable levels xiz, indexed by Greek 
indices, and excited levels xy, indexed by Roman indices. The collective name metastable 
states as used here includes the ground state. The driving mechanisms considered for 

populating the excited levels are excitation from the metastable levels xlz, 
recombination from the metastable levels of the adjacent ion x, , and ionisation form the 

metastable levels of the adjacent ion x,, . The dominant population densities of the ions in 

the plasma are those of the levels xiz, x,+z+l and x,, +'-' , denoted by Np, N,+ and N; 
respectively. They, or at least their ratios to NI are assumed known fiom a dynamical 
ionisation balance. The other dominant population densities in the plasma are the electron 
density Ne, the proton density Np and the neutral hydrogen density N,. The excited 
ppulations, denoted by Ni , are assumed to be in a quusistatic equilibrium with respect to 
the dominant populations. The program evaluates the dependence of  the excited populations 
on the dominant populations with this assumption. 

+z+l 

+z-I 

Let M denote the number of metastable levels, and 0 denote the number of excited levels, 
hereafter called ordinary levels of the ion x". The ordinary levels are those identified 
explicitly in the specific ion file. Collectively, the metastable levels and ordinary levels of 
x+'constitute the low level group. The low level group is assumed to comprise all those 
levels belonging to a set of principal quantum shells n: no S PZ ,< nl . In addition, there are the 
high levels, extending up to the metastable continua of x , that is with E: PZ, < E < 00 

which must be included in a complete treatment. The latter may to a reasonable 
approximation be grouped into n-shell populations and associated with a particular parent 
(metastable of the x ) and spin system. The grouped populations are called bundle-nS 
populations. The statistical balance equations for a specified parent, 7,  and spin system, S, 
take the form. 

+r+l 

+t+l 

For conciseness, charge exchange recombination parts have been omitted. They add to the 
frte electron recombination parts but are driven by NH rather than Ne. The indices 
U, u'denotc metastable states of x to which the specific parent T also belongs. The high 
n-shell populetions are assumed in quasi-static equilibrium with the low n-shell popvlations 
and the adjacent stage mecastables (parents). The high n-&ell populatiams may be c&d 
onto tbe low n-shcil papuiptions to give 

+2+1 

6.82 



where the contributions fiom inner shell ionisation have been included. These two sets of 
equations are complementary. The fit set includes a11 the pputrtion influences oc~ufing via 
high levels but in the simplified bundle-nS picture. The second includes all the direct 
influences of low level populations on each other in detail but excludes thosc via the 
high levels. The direct couplings between the PI shells in equation. 6.8.2 may be sub- 
to leave only the indirect couplings, denoted by 

The barred indirect matrices may be 
weighting factors as 

6.8.4 

and then added to equations. 6.8.3 to give 

expanded over the low level manifold using level 

N -  cc' 

NU 

N;' 
N .  .I 

6.8.5 

6.8.6 

P 

I )  = CUU# + C O " ' .  These inrlir ~ s + sIdIr where ' :=C+cid ir ,  % r + r  , and i,UOe 

equations constitute the extension to the simpler low level population equations. . The 
solution for the ordinary populations is then 

U' /=I U' i=l 6.8.7 



excihsson fuom the metastabtes, fhm fiee okcbvM captute by pgllart metastables, h m  charge 
exchange racombination from neutral hydrogen by parent metastables and fiom ionisation 
rmpdvely. All thcse coefficients depcnd on density as well as temperature. The actual 
population density of an ordinary level may be obtained fiom them when the dominant 
popuMon densities art  known. 

nhe full statistical equilibrium of the metastable level populations of the ion X +' may a~so be 
obQinedbysetting&N,, =oinaquation6.8.6 

M 0 

6.8.8 e- 1 U' 

Eliminating the ordinary level populations from the quasi-equilibrium solution of equation 
6.8.7 in the matrix equations 6.8.6 gives 

The partitioned matrix elements are the generalised collisional radiative coefficients. These 
are the ionisation coefficients 

the free electron recombination coefficients 
0 0 

j=l i l l  

the charge exchange recombination coefficients 
0 0 

j=l i l l  

the metastable crowcoupling coefficients 
0 0 

and the parent metastable cross-coupling coefficients. 

6.8.10 

6.8.1 1 

6.8.12 

6.8.13 

6.8.14 



6.8.15 

f)m electron -bination CaScaQe bremsstrahl~ng ~af f~c iat l ts  PM.81 and the 
charge exchange power coefficients F'R.,a, are not improved by ADAS208 over those 
generated by ADAS204. 

'T%ere are two kinds of derived coefficients associated with individual spectrum line emission 
in common use in fusion plasma diagnosis. These are photon ewtissivi@ coeffiients (Pi:?) a d  
s / ratios (AI&). The reciprocals of the latter arc also known as photon eficiencies. F r ~ m  
equations 6.8.7, the emissivity in the spectrum line j + k is 

U- 1 u"1 

This allows specification of the excitation photon emissivity coeficient 

p(uc) = ( AJ+kJb (CXC) ) I Ne 
u,j+k 

the recombination photon emissivity coefficient 

the charge exchange photon emissivity coeficient 

, p p d W  - :3 (t 'X) 
I' ""u'.j+k - Aj+k,,,io, 

and the ionisation photon emissivity coefficient 

The S / XB are only meaningful for the excitation part of  the emissivity and are 

M.., 

6.8.16 

6.8.17 

6.8.18 

6.8.19 

6.8.20 

6.8.2 1 
0" 1 

Each of these coefficients is associated with a particular metastable 6 ,  U' or p' of the x+', 
x+'+' or x +'-I ions respectively. 

Source data : 

The program operates on collections of firndamental rate coefficient data called specific ion 
files. The allowed content, organisation and formatting of these files is specified in ADAS 
data format ADF04 (appendix C). The scope of operation of ADAS208 is determined by the 
content of the specific ion file processed. The miminum content is the ion identification, ion, 
effective ion and nuclear charges, ionisation potential, an indexed energy level and level 
assignment list, a set of temptures  and a set of level to level spontaneous transition 
probabilities and electron impact Maxwell averaged rate parameters at the specified 
temperatures. Data for upper to lower level only is required. Electron impact rate coefficients 
for both excitation and dexcitation are evaluated by interpolation at user selected values from 
the tabulated rate parameters in the specific ion file. Transition rate data is not required for all 
possible upptr/lower level pairs, but the code checks that there are no 'untied' leveb, that is 
without populating of depopulating processes. Strict arergy ordering is not r e q u i d  in the 
specific ion file, the code rcotdtrs as m. Morc c ~ m p k x  data including proton induced 
rates and metastable rtsoived fiec electron recombination rates, charge exchange 
-bination ratcs and inner shell ionisation rates may be present in the specific ion file. 
These may only be activated in the code if such data is present m the specific ion fik. 



T- data of tbese types are kicntifiul by a single letta code m the transition data line m 
the specific ioa file. ADAS208 is specifically designed to exploit the more compex data. Thc 
codt sortsdietmnsition l k  in the specific ion file intothe allowaIcategorieS. 

C c m M o n  mtriccs from the bundle-nS calculations of ADAS204 may be used by 
ADAS208. These data art organised according to ADAS data format ADF17.Acccss to these 
data sets is by an mpnsion definitionflle of type ADF18. Such fiks are specific to an ion 
and associated with a particular specifK ion file for that ion. 

Zero density metastable resolved ionisation rate coefficient data may also be accessed by 
ADAS208. These data are organised by element according to ADAS data forma! ADF07. 

Program steps: 
These are summarised in figure 6.8. 

Figure 6.8 

.... - . . ........... r---------------- : 

. . . . . . . . .  , . - . . . . . . . . .  - ... - ... . - . 

Interactive parameter comments: 
The file selection window has the appearance shown below 

1. 

2. 

3. 

4. 

5.  

6.  

7. 

Data root a) shows the full pathway to the appropriate data subdirectories. Click 
the Central Data button to insert the default central ADAS pathway to the correct 
data type. The appropriate ADAS data format for input to this program is ADF04 
('specific ion files'). Click the User Data button to insert the pathway to your 
own data. Note that your data must be held in a similar file structure to central 
ADAS, but with your identifier replacing the first adas, to use this facility. 

The Data root can be edited directly. Click the Edit Path Name button first to 
pennit editing. 

Available sub-directories are shown in the large file display window b). Scroll 
bars appear if the number of entries exceed the file display window size. 

Click on a name to select it. The selected name appears in the smaller selection 
window c) above the file display window. Then its subdirectories in turn are 
displayed in the file display window. Ultimately the individual datafiles are 
presented for selection. Datafiles all have the tennination .&t. 

Once a data file is selected, the set of buttons at the bottom of the main window 
become active. 

Clicking on the Browse Comments button displays any infonnation stored with 
the selected datafile. It is important to use this facility to find out what is broadly 
available in the dataset. The possibility of browsing the comments appears in the 
subsequent main window also. 

A sccond fik selection is given. This is the choice of expansion file of type 
ADF14 (mbdiradoay /f78-p08 ) which c ~ r e f e r e a c e s  projection matrices 
(-18) into the specific ion file UMkr examination. The expansion file must be 
am&tcntwithdtespecific ion file with which it is linked d m ktcontainsthe 
specific ion fik name. 
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Input Expansion File 
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I 

-- - --- - - . 
I I -___. Central _ _  - data Uaerdata . -  Edit Path Name I 

. fl7-pOs/behke/belikerejl19900. . .  dat 
, -. 

. f\ . . .  
I Data File: fl7-po8/belike/belikeJl19900.dat 

. . .  
. . . . :v __ . . - . . - . - . . . .- . . 

. Browse - - - Comments, _ _  

~ - . 

_ _  Cancel! Done 
- . -  

The processing options window has the appearance shown below 

1 .  There are three 'popup' windows for setting temperatures, densities and for 
designating metastable levels. For the temperature window a), click on the Edit 
Table button to open up the table editor. The editing operations are as described 
in the introductory chapter. Note that there is a set of input electron tcmperaturcs 
from the selected file. These indicate the safe range of temperatures if 
extrapolation is to be avoided. Note that altering units (which must be done with 
the table edit window activated) converts the input values and interprets the 
output values in the selected units. It docs not convert output values already 
typed in. Defuuff Temperatures are inserted in the selected units on clicking the 
appropriate button. Note that the ion and neutral hydrogen temperatures are only 
used if such collisional data is present in the input ADF04 file. 

2. There are three choices of densities tables. Click the choice to enter the table in 
the display window. Thereafter it is handled in like manner to the ternperanire 
table. Note that in this case there are no input density values. Thus unit changing 
only affects the interpretation of the output values created by the user. The 
NH/Ne, etc.) are only used if the corresponding data arc present in input ADFW 
file. These vectors are specified at each electron density so the vedors and 
electron density vector are of the same length. "hat is a modcl is specified. By 
contrast the output electron ttmperat~es arc independent SO that final calculated 
populations are obtained at points of a twodirnensionaf electron 
~peraturcleltctrondensitygnd. 

3. The Mctastabk State lkkcfium button c) pops up a whdow indexing all the 
energy levels. Activate the buttons opposite levels which you wish tm&d 8s 



mctmWk. See the main ADAS USERMmd far adctailcd expanation of the 

4. Various pocesse$ suppleanenta~~ to the pimary electron excitation collisions 
a d  t m u n d - w  radiative sran~itim, arc activated as desired by clicking on the 
approPiate buttons d). Nde again tbesc only have an effect if such data is 
pmcnt m the ADFW file cxccp~ for Ionirotion rates. This activates ionisation 
out of excited states ancl is objained by an mtemal calculation of these rates in the 
ECIP appmximation. Warning-ionisation should not be switched on if you have 
included autoionising levels in your ADF04 datasd but have omitted the details 
of afternative thresholds etc present in advanced ADFM files. 

kgdtirrp ufmemtabb ia dre Collis- 'vepjdure. 

5. Proton Collisions may be present in the ADF04 file. If so, these rate coefficients 
may be scaled to represent a mixture of other charged projectiles with a mean Z- 
effective e). 

6. The sprnvn ionisation coeflcient search button activates a new process equivalent 
to to ADAS502. 

The spawned iOmb8tk. nte C0e-t rcgpirltiolr nirrdons am as follow: 

1. The usual fik selection window is prcsartsd, m this case for an ADF07 file 
c o n b i n i n g m  rate coefiimts. The ion for which data is required is 
gival for inf.banasion. 
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2. 

3 .  

4. 

5 .  

6. 

The processing options window is similar to the usual ADAS502 one but with an 
extra sub-window a) for matching the selected coefficients to the initial state/ 
final state metastable pairs in the ADAS208 program. The ADAS208 code 
notifies the initial state/final state metastable pairs it needs and these appear in the 
lower transition list window b). If a requested transition fiom ADAS208 is not 
satisfied then a default ionisation rate coefficient is used for that transition. 

Note that the output temperatures c) are not editable but transmitted from 
ADAS208. The 'Exit to menu' icon at d) in this case in fact restores the 
spawning ADAS208 window. 

Press the Done button to progress to the output options window as for ADAS502. 
The ionisation coefficient graph may be displayed in the usual manner. 

It is possible to f i l l  the ionisation coefficient requirements by opening other 
ADF07 files. Simply move back to the file selection window for 
ADAS208/ADAS502 above. 

Return to the spawning ADAS208 window by clicking the Cancel button on the 
ADAS208/ADASS02 file selection window above or the 'Exif fo menu' icon. 
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The ADAS208 output options window has the appearance shown below 

1. As in the previous window, the full pathway to the file being analysed is shown 
for infOnnation. Also the Browe commenfs button is available. 

2. Gnrphical display is activated by the Grcg3hical ourput button a). This will cause 
a graph to be displayed following completion of this window. When graphical 
display is active, an trbitrarytitlc may be entered which appears on the top line 
of the displayed grsph. By defbult, graph scalmg is adjustad to match the 
q u i d  outputs. Ress the lExpricit scaling button b) to dlow explicit minima 
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. . . . . . . .  

I 
I 1  

3. 

4. 

5 .  

6. 

. .  ..... . . . .  

Hard copy is activated by the Enable Hard Copy button c). The File name box 
then becomes editable. If the output graphic file already exits and the Repfuce 
button has not been activated, a ‘popup’ window issues a warning. 

A choice of output graph plotting devices is given in the Device list window d). 
Clicking on the required device selects it. It appears in the selection window 
above the Device list window. 

The Tat Output button activates writing to a text output file. The file name may 
be entered in the editable File name box when Text outpur is on. The default file 
name ‘paper.txt’may be set by pressing the button Lkjidffile name. A ‘popup’ 
window issues a warning if the file already exists and the Repfuce button has not 
been activated. 

Three output files are created by ADAS208 if requestad. These arc the PEC, 
photon emissivity file, the SXB, ionisation per photon fik and the GCR, 
generalised collisional-radk&ve fik. These are of ADFIS, ADF13 and ADFlO 
mcture respectively. They go by Qcfbults into 

/. ... ./<trid>/&@p.puzs 



A.... /<uid>/- 
L.... /<t' 

7. The graph is displayed in a following Graph&al Output when the Done button 

8. The graph has at its fm a Dune button, and possibty Next and Previous buttons if 
there is a sequence of graphs to be displayed. A Print button is also present if the 
EMbie Hard Cow button on the previous window was activated. 

9. Press the Next button to show the next graph in a sequence and the Previous 
button to show the previous graph. 

nspectively. 

ispfessed. 

10. Ress the Print button to make a hard copy of the currently displayed picture. 

1 1. Pressing the Done button restores the previous Output Options window. 

Illustration: 
The output from the program is shown for the lithium-like ion 0+5 in figure 6.8a. The 
specific ion file is assembled from the data of Sampson and co-workers. 

Figure 6.8a 

ADASRELEASE: ADAS01 V1010 PROQRAM: ADAS205 V1.0 DATE: 2WCWB3 TIME: 16:15 
GRAPHTITLE : POWIATIONGRAPH 
INPUTFILE : /3RsHP.COPSWI.J.OATA(SM#O5) o+I poput.mota 

n 

I l O 0 2 2  

10 -23 

---- LEVEL 

INDEX 
1 
2 
3 
4 
5 
e 
7 
6 
0 
10 
11 
12 
13 
14 
1s 
16 
17 
10 
19 
20 
21 
22 
29 
24 

The tabular output is shown in below. Energies are in units of IH, excitation and de- 
excitation rate coefficients are in units of cm3 s-] and the A-coefficient is in units of s-] . 
IFPIS indicates the optimising level with FXC2 and FXC3 the optimised parameters. 
IBPTS=l if the brtd point options is chosen, otherwise 0. IDIFF=l if the difference option is 
~ O t h e r W i s e O  

Tabk 6.8. 

I 



m y  L.vILG - - - - - - - - - _ _ _ - _ _ _ _ _ _ . - - - - - - - - - - - - - - - - - - - . - - - - - - * - * - - - - - -  

- - e - -  PIlROy RRLATfV1 m ~nnt  1 - - - - - -  R R L h m  IaWfSkTSOI IQL.yTIU 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . - - - * - - - - - ~ - . -  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
IHOX ~ Q W R M I ~  (2s+l)L(J) 

( w 8 v a  rmlkr ecu-1~) (rudkrgl) hmva m r  e m - 1 ~ 1  (ydb.rg.) 

10.L515370 1114000. 

96377. 0.8702492 1017623. 

1 1 (210( 0 . 5 )  0. 0.0000000 
9 . 1 7 3 ~ 0  2 1 (2)1( 0 . 5 )  

3 1 (2)1( 1.5) 96909. 0.0031017 1017091. 9 ,  a w m  
4 1 (2)0( 0 . 5 )  

5 1 (2)1( 0.5) 
6 1 (2)1( 1.5) 
7 1 (2)2( 1.5) 

4.1193260 

4 * 0007B2L 

4.0791523 

4.0005099 

4.0000816 8 1 

9 1 (2)0( 0.5) 852529. 7.7688343 261471. 2.3027003 
2.20JS409 

2.2840404 

2.250SS74 

1.2503751 

2.2415176 

2.2414265 

1. SO89496 

I. 4602060 
1. 4S90608 

1.4421902 

1.4420991 

1.4379710 

1.4379346 

1.4336730 

1.4336607 

640009. 5.0371054 473991. 
666185. 6.0707356 447815. 
666365. 6.0723758 447635. 
674995. 6.1S10156 439005. 

(2)2( 2.5) 675042. 6.1514457 430958. 

(2)1( 0.5) 863191. 7.8659938 250009. 10 1 

(2)1( 1.5) 863267. 7.8666846 f50733. 11 1 

1 (2)2( 1.5) 867030. 7.9009738 246970. 12 

13 1 (2)2( 2.5) 867050. 7.9011542 246950. 

14 1 (2)3( 2.5) 868022. 7.9100145 245978. 
245960. 15 1 (2)3( 3.5) 868032. 

16 1 (2)0( 0 . 5 )  948412. 8.6425836 165580. 

17 1 (2)1( 0 . 5 )  953761. 8.6913238 160239. 
160202. 18 1 (2)1( 1.5) 953798. 

19 1 (2)2( 1.5) 955738. 8.7093432 150262. 

20 1 (2)2( 2.5) 955748. 8.7094334 158252. 
157799. 21 1 (2)3( 2.5) 956201. 
157795. 22 1 (2)3( 3.5) 956205. 
157328. 23 1 (2)4( 3.5) 956672. 
157326. 24 1 (2)4( 4.5) 956674, 

7.9101038 

8.6916637 

8.7135633 

8.7136034 

8.7178535 

8.7178736 

-0F-TwREs - 12 
OF DPLSITI8S/RATIOS - 9 . 

- -  INPUT COPASB PILB TgnPBRATURS: (TB-TP-TH) - -  
INDKX (kelvin) (ev) (reduced) 
- - - ~ _ _ _ ~ ~ - _ _ _ ~ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ -  
1 1.8QD+Q4 I. 55D+00 5.00D+02 

2 3.60D+O4 3.10D+00 l.OOD403 

3 7.20D4Q4 6.20D400 2.OOD403 

4 1.80D+Q5 1.55D401 5.00D+03 

5 3.60D+05 3.10D401 1 . OOD+O4 
6 7 .2OD+O5 6.2OD+O1 2.OOD+O4 

7 1.80D406 1. SSD+02 5.OOD404 

8 3.60D406 3.1OD+02 1. QOD405 



m8cruow OltOIDI ~ H I I D c o 9 p I  

a s  4% crT& 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1.55oD+oo 1.oooD+oo # 5.oooo*o1 (I 

2 2. oooD+oo l.SOOD+OO (I S.OOOD+Ol # 

3 3 .  oooD+oo 2.0000+00 # S.OOOD+Ol # 

4 5.000D+O0 5.oooD+oo # 5.oooD+o1 U 
5 7 . 0 0 ~ 0 0  7.000D+OO # 5.Oooo+Ol # 

6 1.0000*01 1.0000*01 # 5.00oD+01 # 

7 1. 5ooD+o1 l.SOoD+Ol # S.OOOD+Ol U 
8 2.000D+01 2.000D+01 # 5.OOOD+Ol # 

9 3.0040*01 3.000D+Ol # 5.000D+01 0 
10 5 .  oooD+o1 5.00OD+01 # S.OOOD+Ol # 

11 7.0OOD+Ol 7.000D+01 # 5.OOOD+O1 # 

12 1.oooD*02 l.OOOD+O2 I 5.000D+01 I 
- - - -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
~ B Y :  IuLIuIm - -mu our 01 ~ ~ l o g  

- BXTRWOIATIa# -1- 
0 - PARIufcrpl Il[fi USBD IBI CA.WOXATIONS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

01 PR- IUPACT COLLJSIOWS INCLUDgD - 
MWBBR OF ?RBB BLBCTXOW RX~ISATIOWS INCLIEXD - 
b111138ER O? BXQWIOB RBCWBI&&TIONS INCLUDED - 

- oaomr nu= N(Z+1) /NU) 

dll, a> 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

o.ooaD*oo U o.oooLkoo I) 0 . 0 0 0 ~ 0 0  U 1 1-00-13 
2 3.000D+13 o.oooD+oo 0 o.oooD+oo U o.oooD+oo # 

3 l.O0OD+l4 O.OOOD+OO 1) O.OWD+OO # O.OOOD+OO # 

o.oooD+oo # O.OOOD+OO 0 O.OOOD+OO # 4 3.000D+14 

o.oooD+oo # O.OOOD+OO 8 O.OOOD+OO # S 1.000D+15 
O.OOOD+OO I o.oooD+oo # o.oooD+oo # 6 3 .  oooD+15 
O.OOOD+OO 0 o.oooD+oo # o.oooD+oo 0 7 l.OOOD+l6 

8 3.000D+16 o.oooD+oo # o.oooD+oo I o.oooD+oo # 

O.OOOD+OO I O.OOOD+OO # O.OOOD+OO # 9 l.OOOD+17 

NB(QI-3)- 1.00001+13 3.00001+13 l.OOOOB+lI 3.0000B+14 1.0000B+15 3.00001+15 1.000031+16 3.0000B+16 1.00008+17 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BQUILIDRIUI lQTAFzxBLB POPULkTIOW DIP-- ON DWSITY AT TB - 1.55B+00 BV - 1.80B+O4 KBLVIN 

INrr I 
1 1 1.00001+0,0 1.00003+00 1.0000B+00 1.0000B+00 l.OOOOB+OO 1.0000B+00 1.0000B+00 l.OOOOB+OO 1.0000B+00 

POPUWTION DIP-- ON DWSITY UllD METASTABU 1 

IORO I 
1 2 6.19971-07 1.85471-06 6.12181-06 1.98688-05 

2 3 1.1657I-06 3.48773-06 1.15186-05 3.36631-05 

3 4 2.218lB-28 6.65811-28 2.223911-27 6.7092B-27 

4 5 2.19081-30 6.80411-30 2.53503-29 9.8078B-29 

5 6 4.29941-30 1.33511-29 4.97188-29 1.9224B-28 

6 7 1.68811-30 5.16881-30 1.84361-29 6.5287B-29 

7 8 2.51541-30 7.70191-30 2.7468P-29 9.7270B-29 

8 9 1.76271-36 8.27941-36 2.7502B-35 8.17881-35 

9 10 1.53031-37 4.92308-37 1.81463-36 6.84161-36 

10 11 3.15321-37 9.75971-37 3.5959E-36 1.35481-35 

11 12 1.71941-39 5.26231-37 1.89411-36 6.616411-36 

12 13 2.57241-37 7.87263-37 2.80341-36 9.89551-36 

13 14 1.28571-37 3.90221-37 1.35391-36 4.52601-36 

14 15 1.71611-37 5.2083.-37 1.80661-36 6.03661-36 

15 16 7.92961-40 2.35061-39 7.54001-39 2.07481-30 

16 17 8.58431-41 2.69281-40 1.02198-39 3.8941.1-39 

17 18 1.7~11-40 5.34631-40 2.0293~-39 7.73551-39 

18 19 1.08401-40 3.31981-40 1.18591-39 4.22751-39 

19 20 1.63021-40 4.99061-40 1.78091-39 6.33461-39 

20 21 1.30491-40 3.96561-40 1.38351-39 4.930211-39 

I1 22 1.73973-40 5.18678-40 1.84431-39 6.30433-39 

22 23 1.99581-41 6.06921-41 2.11921-40 7.20081-40 

23 24 2.49281-41 7.579-41 2,64508-40 8.90311-40 

5.4423B-05 

1.0290B-04 

2.27518-26 

5.5478B-28 

1.0877B-27 

3.217131-28 

4.796911-28 

7.67211-34 

3.62451-35 

7.176011-35 

3.24371-35 

4.85251-35 

2.07551-35 

2.76631-35 

5.91931-38 

1.85931-38 

3.69413-38 

2.09861-38 

3.13611-38 

2.33161-38 

3.10531-38 

3.47431-39 

4.32841-39 

1.3120B-04 

2.4931B-04 

7.0657B-26 

3.0842B-27 

6.05911-29 

1.63058-29 

2.43689-27 

7.90801-34 

1.79698-34 

3.56193-34 

1.63193-34 

2.14381-34 

1.12121-34 

1.49491-34 

1.64881-37 

7.86931-38 

1.56451-37 

1.04391-37 

1.55941-37 

1.27353-37 

1.69311-37 

2.22971-38 

2.77891-38 

2.597831-04 

4.9604B-04 

2.4776B-25 

1.98688-26 

3.5185B-26 

9.3265B-27 

1.39773-26 

2.69528-33 

8.8209B-34 

1.95168-33 

9.18141-34 

1.3768B-33 

8.36241-34 

1.11631-33 

6.24961-37 

3.73968-37 

9.44141-37 

5.78001-37 

8.64731-37 

7.121311-37 

1.MlSB-36 

2.78131-37 

3.47831-37 

3.6117B-04 

6.9123K-04 

7.5647B-25 

6.88228-26 

1.35618-25 

3.8762B-26 

5.815311-26 

8.28008-33 

3.11878-33 

6.19878-33 

3.81901-33 

5.72301-33 

4.44751-33 

5.93663-33 

2.27151-36 

1.44411-36 

2.87808-36 

2.38421-36 

3.57111-36 

3.37571-36 

4.49788-36 

2.59091-36 

3.24278-36 

4.1840B-04 

8.01558-04 

2.3692B-24 

2.4090B-25 

4.7464B-25 

1.6074B-25 

2.41011-25 

3.0378B-32 

1.23381-32 

2.4532B-32 

1.7101B-32 

2.56333-32 

2.28311-32 

3.04531-32 

9.84298-36 

6.37231-36 

1.27053-35 

1.07951-35 

1.61781-35 

1.55601-35 

2.07391-35 

1.97251-35 

2.46798-35 



LBVBL = 2 - BQUILIBRIW POPutATION 
_____- - - - - - - - - - - - - - -___^___________  

Ng ( a - 3 )  1.00D+13 3.00D+13 1.00D+14 
Tg (gy) - - _ - - - C - - - L _ - _ - _ - _ L _ _ - - - - - - - L - - - -  

1.55D+00 ’ 6.20D-07 1.85D-06 6.120-06 

2,00D+00 ’ 3.10D-06 9.26D-06 3.06D-05 

3.00D+00 ’ 1.86D-05 5.57D-05 1.84D-04 

5.00D+00 ’ 7.19D-05 2.15D-04 7.14D-04 

7.00D+00 ’ 1.22D-04 3.65D-04 1.21D-03 

l.QOD+Ol ’ 1.73D-04 5.16D-04 l.72D-03 

l.SOD+Ol ’ 2.16D-04 6.46D-04 2.150-03 

2.00D+01 ’ 2.33D-04 6.99D-04 2.32D-03 

3.00D+01 ’ 2.43D-04 7.27D-04 2.42D-03 

5.00D+01 ’ 2.38D-04 7.15D-04 2.38D-03 

7.00D+01 ’ 2.29D-04 6.87D-04 2.29D-03 

1.00D+02 ’ 2.16D-04 6.48D-04 2.16D-03 

3.00D+14 
_ - - - _ - - - - _  
1.790-05 

8.96D-05 

5.42D- 04 

2.llD-03 

3.59D-03 

5.10D-03 

6.38D-03 

6.9lD-03 

7.20D-03 

7.09D-03 

6.82D-03 

6,44D-03 

l.OOD*lS 
- - - _ - _ - _ _ _  
5.44D-05 

2.76D-04 

1.69D-03 

6.66D-03 

1.14D-Ol 

1.64D-02 

2.06D-02 

2.24D-02 

2.34D- 02 

2.31D-02 

2 .Z3D-02 

2.1lD-02 

3.OOD*l5 
- - - - - - - - - - .  
1.310-04 

6.790-04 

4.29D-03 

1.740-02 

3.04D-02 

4.43D-02 

S .  65D-02 

6.2OD-02 

6.56D-02 

6.55D-02 

6.35D-02 

6.03D-02 

1.00D+16 3.00D+16 l.OOD*lf 
._---_----_--___-_---.-------.--------.- 
2.6OD-04 3.610-04 4.110-04 

1.390-03 1.990-03 2.350-03 

9.29D-03 1.4OD-02 1.690-02 

4.02D-02 6.41D-02 B.12D-02 

7.28D-02 1.210-01 1.58D-01 

1.lOD-01 1.9l.D-01 2.S7D-01 

1.46D-01 2.65D-01 3.71D-01 

1.63D-01 3.07D-01 4.440-02 

1.7a~-oi 3.4a~-oi s.ir(~-oi 

1.82D-01 3.12D-01 5.870-01 

1.79D-01 3.75D-01 6.100-01 

1.73D-01 3.70D-01 6.21D-01 



! 



Appendices 

ADAS data formats 
The various permanent data sets in ADAS fall into a number of categories with precisely 
defined organisation and formatting. The specifications of these arc called 'ADAS data 
fonnats' or ADF's for short. The categories most relevant here m as follows: 

ADF04 

ADF07 

resolved specific ion data collections 

direct resolved electron impact ionisation coefficients 

ADF11 iso-nuclear master files 

ADF15 photon emissivity coeEcients 

ADMO G(Te) functions 



Provides all required energy level and rate cocfikient data for specified low Ievels of an ion. 
The data set is complete for a low kvel population calculation. Specific kvel selective h e  
electron recombination and charge exchange ncombination is included. Formatting 
cotlvcntims and variable storage arc given below. 

Utiiising subroutines : 

ADAS201 ADAS205 

ADAS206 ADAS208 

Directories of forma!tedflh to ADFOQ specification : 

/. . ./wadas/ad4/<seq>like/ 

/. . ./adas/adas/adff)4/copsS#<seq>/ 

1.. ./adas/adas/adfiDW/copsm#<seq>/ 

/.../adas/adas/adfU4/copmm#<seq>/ 

1.. ./adas/adas/adfiDQ/copmm#<el.no.>/ 

/. . . / a c w a d a s / d 4 / c o p p # ~ > /  

/. . ./adas/adadadfM/copj l#<Seq>/ 

where <seq> is the isoelectronic sequence symbol 

4. no.> is the isonuclear charge number 

&a lines : 

SYM, 12,120, I21 , B W O I  , [(PTRMI), BWN02, (PTRM2) ..... J , ADFID 

until M D  = - I  

M D ,  SPEC, IS ,  IL , I J  , W O ,  [(IPl), IZTAl , (In), ETA2 ..... ] 
- 1 , (EORB(I),I = 1,  14) 

ZEFF , ITYP , (TEA(I), = 1, MAXT) 

until INDU = -1 and INDL = -1 

until MDU = -1 

ICODE, NDU  , INDL , AVAL, (GAM(I),I=I,MAXT) 

-1 

-1 -1 

variable i&ntifiation : 

name 

SYM 

Iz 
I Z O  

IZ1 
BWNO1 

1 PTRM1 

BWN02 

PTRm 

meaning 

element symbol in form ##+ 

charge of the ion 

nuclear charge 

ion charge + 1 

ionisation potential of lowest level (cm-1) rel. to 1st parent term. 

termofthe lstparcnt 

ionisation potential of lowest level (cm-1) rel. to 2nd pammt term. 

term of the 2nd parent 



. -. 

4 

H + O  1 1 109679. 
(2)0( 0 . 5 )  0. 1 1s 

2 2s 
3 2P 
4 3s 
5 3P 

(2)0( 0.5)  82259. 
(2)1( 2.5) 02259. 
(2)0( 0 . 5 )  97492. 
(2)1( 2.5) 97492. 

! 

- 
. ... 

... 
ADFID 

IND 

SPEC 

IS 
IL 
IJ 
W O  
IP 1 

IZTA 1 

IP2 

IZTA2 

.... 
EORBO 

ZEFF 

ITYP 

T E A 0  

MAXT 
ICODE 

MDU 

MDU 

AVAL 

GAMO 

ADAS data fik type oodt 

index of level 

mfigwhn spccificldioa of )eve1 

multiplicity (2+S+ 1) 

total orbital angular momentum quantum number 

(statistical weight of level - I ) n  

wave number of level relative to the lowest level (an-1) 

index of parent accessible by ionisation 

shell weighting factor for ionisation to this parent 

index of parent accessible by ionisation 

shell weighting factor for ionisation to this perent 

I 
orbital energies (Ryd) (optional - compatible only when 

level configurations are given in Eissner notation ) 

set equal to 121 for normal usage 

set equal to 3 for normal usage 

set of electron temperature (Kelvin) 

number of temperatures (maximum 8) 

transition data type code: 

' ' => electron impact transition 

'P => proton impact transition 

'H => charge exchange recombination 

'R' => free electron recombination 

transition: upper energy level index (case ' ' & 'P) 
receiving level index (case 'H' & 'R) 

transition: lower energy level index (case ' ' & 'P) 
recombining parent index (case 'H' & 'R) 

transition: Einstein A-value (sec-1) (case ' ' & 'P) 
beam energy (ev/amu) (case 'H') 
--- not used -0- (case 'R) 

transition: gamma (upsilon) (case ' ' & 'P) 
rate coefft.(cm*+3 sec-1) (case 'HI) 

rate coefft.(cm++3 sec-1) (cast 'R') 



6 3D (2)2( 4.51 97492. 
7 4s (2)0( 0.5) 102824. 
0 4P (2)1( 2.5)  102024. 
9 4D (2)2( 4 . 5 )  102824. 

10 4I (2)3( 6.5) 102824. 
11 58 (2 )0 (  0 .5 )  105292. 
1 3  5ip (2)1( 2.5) 105292. 
13 SD (2)2( 4 .5)  105292. 
14 5 1  (2)3( 6.5)  105292. 
15 50 (2)4( 8.5)  105292. 
-1 

2 18.23+00 2.50-01 2.52-01 2.56-01 2.62-01 2.74-01 2.92-01 3.08-01 3.20-01 
3 1 6.27+08 3.80-01 3.95-01 4.10-01 4.50-01 5.45-01 8.40-01 1.15+00 1.44+00 
4 1 O.OO+OO 5.60-02 6.50-02 7.30-02 8.30-02 9.40-02 1.00-01 1.00-01 1.00-01 
5 1 1.67+08 1.24-01 1.40-01 1.53-01 1.74-01 2.05-01 2.75-01 3.35-01 3.87-01 
6 1 O.OO+OO 6.40-02 6 . 8 0 - 0 2  7.20-02 7.80-02 8.90-02 1.09-01 1.22-01 1.30-01 

1.00 3 5.00+03 7.50+03 1.00+04 1.50+04 2.50+04 5.00+04 7.50+04 1.00+05 

13 4 O.OO+OO 5.36+00 6.55+00 7.55+00 9.13+00 1.12+01 1.39+01 1.51+01 1.59+01 
14 4 O.OO+OO 4.08+00 5.00+00 5.70+00 6.62+00 7.49+00 8.00+00 7.97+00 7.83+00 
-1 
-1 -1 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C 
C Thir ir a compoeite data oet for low temperature uee formed from 
C 
C Itingrton et al. (1989) HLIKE .DATA (ABK89H) 
c u r d  
C Callaway et al. (1987) HLIICE. DATA ( CALL8 7H 1 
C 
C 
C fixed - obtained from 
C 

C 
C Preferred data is taken from large ecale comparative figures for the 
C tranaitionr from the 1s state. The decisions on the preferred data 
C ir rather arbitrary, but makes use of the l/n**3 scaling rule in 
C circuarrtancer where the original data is dubious. 
C The compilation prepared by 
C 
C Qiwanardi et al. (1987) 
C 
C is almo shown in these diagrarne but does not appear to be o f  much 
C aosiotance. 
C 
C For tranritione from n = 2 - 3 ,  the extrapolated fits to Callaway are 
C ured. 
C ** The extrapolation & interpolation for 4 - 3  and 6-3 is very poor 
C and ir replaced by hand graphed values. 
C 
C For tranmitions from n = 3,4 - 4,s the extrapolated fits to Kingston 
C are used. 
C 
C 
C fingoton et al. extrapolated as ln(Te) 
C 
C 
C H.P. Sununer6, Jan. 1991 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

uring a three parameter fit with the firet two Bethe coefficients 

C Golden, Sampron & Gactt S#HDATA.TEXT (nb *2) 

Data for the degenerate transitions due to electrons are taken from 



AN07 

Utilking mbrotrtines : 

ADAS208 ADAS502 
Directories of formanedfires to ADF07 spCc$c&ion : 

1.. ./adadadadadfD7/ionelecl 
Data lines : 

NSEL, TEXT 
for ISEL= 1 to NSEL 

IZ , IZ1, NTE, BWNO, METI, METF, ISEL 
(TEV(IT), IT= 1,24) 

(SZD(IT), IT= 1,24) 

repeat 

variable identification : 

name 

NSEL 

TEXT 

I2 

12 1 

NTE 

BWNO 

METI 

METF 

ISEL 

TEvo  

=Do 

Table B7c - example. 

meaning 

number of reactions available 

in format ion 

initial ion charge 

final ion charge 

number of temperatures 

effective ionisation potential (cm- 1 )  

initial state metastable index 

final state metastable index 

transition index 

electron temperatures (eV) 

zero density ionisation rate coefficient (cm**3 sec-I) 

8 /BE IONISATION RATE COEFFICIENTS / 
BE+ O/BE+ 1/ 24/I.P. = 75192.3/ICODB l/PCODE I l/ISEL= 1 
1.000D+00 2.000D+00 3.000D+00 4.000D+00 5.000D+00 7.00OD+OO 
1.000D+01 1.500D+01 2.0000+01 3.000D+01 4.0OOD+Ol S.OOOD+Ol 
7.000D+01 1.000D+02 1.500D+02 2.000D+02 3.000D+02 4.OOOD+02 
5.000D+02 7.000D+02 1.000D+O3 2.000D+03 5.000D+03 1.OOOD+O4 
1.694D-12 2.947D-10 1.827D-09 4.741D-09 8.754D-09 1.73330-08 
3.016D-08 4.7370-08 5.98313-08 7.577D-08 8.506D-08 9.086D-08 
9.715D-08 1.008D-07 1.015D-07 1.0020-07 9.6401)-08 9.266D-08 
8.932D-08 8.3780-08 7.750D-08 6.5051)-08 4.97SD-08 3.9783)-08 

BE+ O/BE+ l/ 24/1.P. = 53212.0/1CoDB = 2/PCODB l/ISBL- 2 
1.000D+00 2.000D+00 3.000D+00 4.000D+00 5.000D+00 7.000D+00 
1.000D+01 1.500D+01 2.000D+01 3.000D+01 4.OOOD+01 5.000D+01 
7.000D+01 1.000D+02 1.500D+02 2.000D+02 3.000D+02 4.0000+02 
5.000D+02 7.000D+02 1.000D+O3 2.000D+03 5.OOOD+03 1.000D+04 
2.7380-11 1.3130-09 5.4071)-09 1.148D-08 1.8451)-08 3.2710-08 
5.1890-08 7.648D-08 9.407D-08 1.1681)-07 1.3044-07 1.392D-07 
1.4930-03 1.5563)-07 1.580D-07 1.568D-07 1.5183)-07 1.4370-07 
1.412D-07 1.3230-07 1.2210-07 1.016D-07 7.6631)-08 6.067D-08 



BS+ 2/M+ 3/ 24/1.P. - 284729.0/1- = 2/pcoDH = 1/1- 
2.80OD+OO 3.0OOD+OO 4.00oD+OO 5.0000*00 7.0OOD+OO 1.0000*01 
l.SOOD+Ol 2.0000+01 3.0000+01 4.0000+01 5.000D+01 7.000Ik01 
1.000D+02 1.500D+02 2.0000+02 3.000D+02 4.000D+02 5.0000+02 
7.0000*02 1.000D+03 2.000D+03 4.0000+03 5.000D+03 l.OOOIk04 
4.527D-17 1.8760-14 3.9433)-13 2.4963)-12 2.1090-11 1.077D-10 
3.9503)-10 7.7210-10 1.5520-09 2.24OD-09 2.817D-09 3.6963)-09 
4.556D-09 5.344D-09 5.7503)-09 6.094D-09 6.1893)-09 6.1080-09 
6.0820-09 5.863D-09 5.2333)-09 4.4823)-09 4.2353)-09 3.494D-09 

BB+ 3/BB+ 4/ 24/1.3. = 1756004.0/ICODB - l/FCODB - l/ISBL- 
2.0003)+00 3.000D+00 4.0003)+00 5.OOOD+OO 7.0003)+00 l.OOOD+Ol 
1.500D+01 2.0003)+01 3.0000+01 4.00OD+Ol 5.0000+01 7.000IkOl 
1.0003)+02 1.5003)+02 2.0000+02 3.0003)+02 4.000D+02 5.000D+02 
7.000D+02 1.0000+03 2.000D+03 4.000D+O3 5.0000+03 1.0000+04 
3.6243)-58 2.6593)-42 2.3710-34 1.43OD-29 4.313D-24 5.813D-20 
9.9913)-17 4.2853)-35 1.917D-13 1.319D-12 4.255D-12 1.657D-11 
4.692D-11 1.0750-10 1.64lD-10 2.520D-10 3.123D-10 3.545D-10 
4.076D-10 4.477D-10 4.796D-10 4.642D-10 4.5240-10 4.032D-10 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c -  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

ISBL 

- - - -  
1 
2 
3 
4 
5 
6 
7 
8 

INITIAL MBT. 
ION CODB - - - - - - -  - - - e  

BE+ 0 1 
BE+ 0 2 
BE+ 1 1 
BB+ 1 1 
BB+ 1 1 
BB+ 2 1 
BE+ 2 1 
BE+ 3 1 

FINAL 
ION 

BB+ 1 
BB+ 1 
BE+ 2 
BE+ 2 
BB+ 2 
BE+ 3 
BE+ 3 
BB+ 4 

- - - - - - -  
WT. 
CODB 

1 
1 
0 
1 
2 
1 
2 
1 

- - - -  

PREPERRED DATA INDICATED BY 

NOTES. 

ISBL 

- - - -  
1 
2 
3 
4 
5 
6 
7 
8 

INITIAL MBT. 
ION CODB 

- - - - - - -  - - - -  
BB+ 0 1 
BE+ 0 2 
BE+ 1 1 
BB+ 1 1 
BE+ 1 1 
BE+ 2 1 
BE+ 2 2 
BB+ 3 1 

DESIG. 

WILLIAM J. DICKSON JET 

SODRCE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*BELL ET AL. (1982) CM-R216 
*DICKSON AND SZMWBRS 1991 
*BBLL ET AL. (1982) CM-R216 
fYOUNGBR, (1981) JQSRT 26, NO. 4 
*YOUNGER, (1981) JQsRT 26, NO. 4 
*BELL BT AL. (1982) CM-RZ16 
*ATI'AOURTI (1991) SCALING BCXID 
*BBLL BT AL. (1982) CLM-R216 

FINAL 
ION 

BE+ 1 
BE+ 1 
BE+ 2 
BE+ 2 
BE+ 2 
BE+ 3 
BE+ 3 
BE+ 4 

- - - - - - -  

MET. 
CODE 

1 
1 
0 
1 
2 
1 
1 
1 

- - - -  

11TH MAY 1992 

DESIG. 



ADF11 

I 

I 

I 

Isonuclear master file data. Formatting conventions Md vuirble storage m given t&w. 

Utilising subroutines : 

ADAS405 ADAS406 
Directories of formattedfiles to ADF07 specification : 

I... ladas/adas/adfll /<class><yr>#<ei> / 

where <class> is the data class 

<yr> is the two digit year numbar 

<code> is the resolution letter (r => res01vad 

blank => unresolved) 
Data lines : - 

IZMAX, IDMAXD, ITMAXD, IZ1 MIN, I2 1 MAX 

(NMETA(I),I=l,IZMAX+I) 

(DDENSD(ID),ID= 1 JDMAXD) 

(DTEVD(IT),IT= I JTMAXD) 

for IZ 1 = 1 ,IZMAX 

for IPRT and IGRD 

IPRT, IGRD [,WVLEN], 121, DATE 

for IT= I ,ITMAXD 

(DRCOFD(*,IT,ID),ID=I,IDMAXD) 
repeat 

repeat 

repeat - 
IZMAX, IDMAXD, ITMAXD, I2 1 MIN, I2 I MAX 

(DDENSD(ID),ID= 1 ,IDMAXD) 

(DTEVD(IT),IT= 1 ,ITMAXD) 

for IZ 1 = 1 ,IZMAX 

(WVLEN,] IZ 1, DATE 

for IT= 1 ,ITMAXD 

(DRCOFD(*,IT,ID),ID=l,IDMAXD) 
r e p t  

variable identification : 
name meaning 

IZMAX nuclear charge 



IDMAXD number of densities 

IThrlAM) numberofdensities 

IZlMIN lowest ian charge +1 

LZlMAX highationcharge 

NMETAO number of metastables for each ionisation stage 

IPRT 

IGRD 

1 WVLEN 

I21 

DATE 

parent metastable index 

recombined ion metastable index 

specific line wavelength (Angstrom) 

recombining ion charge 

date 

class 9 only] 

DRCOFD(,,) log 1 O(generalised collisional radiative coeficients) 

(units according to class) 

Table B1 lc - w l v e d  data 
4 26 35 1 4 / BBRYLL I UM /DICKSON BT AL 1992 

10.00000 10.20003 10.40002 
11.59999 11.80003 12.00000 
13.20003 13.40002 13.59999 
14.80003 15.00000 
0.00015 0.10016 0.20015 
0.80015 0.90015 1.00015 
1.60015 1.90015 1.80015 
2.80015 3.00015 3.20015 
4.40015 4.60015 4.70015 

/ IPRT- 1 
-11.57681 -11.55926 -11.53861 
-11.32210 -11.26598 -11.20285 
-10.30532 -10.61241 -10.51952 
-10.02268 -9.96003 

. . . . . . . . . . . . . . . . . . . . .  

10.59999 10.80003 11.00000 
12.20003 12.40002 12.59999 
13.80003 14.00000 14.20003 

0.30015 0.40015 0.50015 
1.10016 1.20015 1.30015 
1.90015 2.00015 2.20015 
3.40015 3.60015 3.80015 

/ IGmi 1 / - - - - - - - -  / Zl= 1 
-11.51437 -11.48604 -11.45315 
-11.13244 -11.05561 -10.97341 
-10.42969 -10.33806 -10.25165 

11.20003 11.40002 
12.80003 13.00000 
14.40002 14.59999 

0.60015 0.70015 
1.40015 1.50015 
2.40015 2.60015 
4.00015 4 -20015 

/ DATE= 16/11/93 
-11.41518 -11.37166 
-10.88689 -10.79719 
-10.16957 -10.09290 

. . . . . . . . . . . . . . . . . . . . .  / IPRT= 1 / IGRD= 1 / - - - - - - - -  / Z1= 4 / DATEb 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 

-9.42566 -9.42504 -9.42431 -9.42346 -9.42260 -9.42169 -9.42080 -9.41994 
-9.41916 -9.41849 -9.41796 -9.41761 -9.41747 -9.41757 -9.41794 -9.41862 
-9.41964 -9.42102 -9.42267 -9.42448 -9.42633 -9.42810 -9.42968 -9.43096 
-9.43162 -9.43215 



I 

! 

2 1 3  5 1  1 2  /mtI#Icw / A l u n a b - R m ( R I  8-1 9/11/90 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -~- - - . - - -~. - - - - - - - - - - - - - . -~- -~*- - -~- -  

4-00000 5.OOOOO 6.00000 7.00000 0.00000 9.00000 lO.OOOO0 11.OOOOO 
12.00000 13.00000 14.00000 15.00000 16.00000 
-0.06466 0-03533 0.13534 0 .23535 0.33534 0.43534 0.53534 0.63534 

1 .53534  1 .63534 1.73534 1 .83534 1 .93534  2.03533 2.13534 2 .23535 
2 .33534  2 .43534 2 .53534 2.63534 2 .73534 2.83S34 2.93534 3.03533 
3.13534 3.23535 3.33534 3.43534 3.53534 3.63534 3.73534 3.83534 
3.93534 4 .03533 4.13534 4 .23535 4.33534 4 .43534 4.53534 4 .63534 
4 .73534 4 .83534 4.93534 

0 .73534 0.83534 0.93534 1.03533 1.13534 1.23535 1.33S34 1.43534 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  / e l m  1 / DATE- 09/11/90 
-21.02274 -21.02448 -21.01428 -20.98969 -20.97136 -20.90573 -21.03165 -21.01173 
-20.82594 -20.37585 -19.79799 -19.26837 -18.92128 

-8.26043 -8.26360 -8.25394 -8.22642 -8 .19355 -8.19223 -8.17398 -8 .18894 
-8.20194 -8.20187 -8 .19411 -8.18816 -8.19132 

- - - - - - - - - - - - - - - - - - - -__^_________________- - - - - - - - - - -  / 21- 2 / M"B= 09/11/90 
-36.43890 -36.43925 -36.43584 -36.42578 -36.40593 -36.37265 -36.31938 -36.23863 
-36.10640 -35.80753 -35.19548 -34.17990 -32.98088 

-9 .04721  -9 .04720 -9 .04707 -9 .04648 -9.00495 -9.04234 - 9 . 0 4 0 2 1  -9.04073 
- 9 . 0 4 4 8 1  -9.04660 -9 .03791 -9.01206 -8.97073 



h i d e s  photon emissivity toe-. Formatting conventions and variable storage me 
given below. 

Utilising subroutha : 

ADAS403 ADAS406 

ADAS503 

Directories of fornrattedfires to ADFIS specifiation : 

/.../adas/adas/adfl S/ionelec/ 

/.../adas/Wadfl S/ptc<Yr>#<tl>/ 

where <yr> is a two digit year number 

<el> is the element symbol 

Data lines : 

NSEL, TEXT 

for ISEL= 1 to NSEL 

WLNG , NDENS, NTE , FILMEM, TYPE, INDM, ISEL 

(DENS(IN), IN= 1 ,NDENS) 

(=(IT), IT= 1 ,NE) 

for IN = 1 to NDENS 

(PEC(IN,IT), IT=l,NTE) 

repeat 

repeat 

variable ickntijication : 

name meaning 

NSEL number of  transitions available 

TEXT infomat ion 

WLNG wavelength of transition (Ang) 

NDENS number of densities 

NTE number of temperatures 

FILMEM 

TYPE 
INDM 

ISEL transition index 

DENS0 electron densities (an-3) 

TEO electron temperatures (eV) 

PEC(,) 

source specific ion excitation file 

type of photon emissivity (excit, recomb, cx) 

associated metastable index in source file 

finite density photon emissivity coefficients (cm3 S-1) 

1st parameter electron density index 

2nd parameter electron temperatme index 



Table BlSc 
4 /c+2 Ps.mTcN EIIISsIrn c oER I t f ~ /  

977.0 A 8 10 /PI- - JLl99OC/TIpB - lDtCIT /-1 /r* 1 
l.OOE+ll S.OOB+ll 1.0033+12 S.OOB+12 1.001+13 2.00P+13 5.00E+13 1.001+14 
5.003+00 l.OOB+Ol 2.008+01 3.00B+01 4.00B+01 S.008+01 6.008+01 a.OOE+Ol 
1.008+02 2.00B+02 
1.68E-08 4.27B-08 6.388-08 7.098-08 7.35E-08 7.418-08 7.393-08 7.3CE-08 
7.09E-08 6.39E-08 
1.69B-08 4.30B-08 6.428-08 7.12E-08 7.38B-08 7,446-08 7.42E-08 7.3UB-01 
7.128-08 6.42B-08 
1.69B-08 4,303-08 6.42B-08 7.13E-08 7.388-00 7.458-08 7.438-08 7.29B-08 
7.13B-08 6.42B-08 
1.69B-08 4.30E-08 6.42B-08 7.14B-08 7.38B-08 7,448-08 7.42B-08 7.308-00 
7.1213-08 6.423-08 
1.638-08 4.30E-08 6.4213-08 7.13E-08 7.388-08 7.458-08 7.43E-08 7.3oB-08 
7.13B-08 6.42B-08 
1.693-08 4.30B-08 6.4013-08 7.15B-08 7.40B-08 7.45B-08 7.458-08 7.30B-08 
7.15B-08 6.4OE-08 
1.6913-08 4.303-08 6.40B-08 7.12B-08 7.388-08 7.44B-08 7.42B-08 7.288-00 
7.123-08 6.42E-08 
1.69B-08 4.29B-08 6.403-08 7.116-08 7.366-08 7.428-06 7-418-08 7.28B-08 
7.11E-08 6.416-08 

884.7 A 8 10 /FILMEM = JL1990C/TYPE - EXCIT /INm-l /ISBL- 4 
1.00E+ll 5.00E+ll 1.00E+12 5.006+12 1.00B+13 2.008+13 5.008+13 1.008+14 
5.003+00 1.003+01 2.006+01 3.006+01 4.OOE+01 5.00B+01 6.008+01 8.00EI+01 
1.00E+02 2.00E+02 
2.303-12 2.463-11 6.923-11 9.71E-11 1.17E-10 1.32E-10 1.448-10 1.568-10 
1.583-10 1.40E-10 
2.363-12 2.523-11 7.06E-11 9.90E-11 1.19E-10 1.34E-10 1.46B-10 1.58B-10 
1.60E-10 1.42E-10 
2.363-12 2.523-11 7.08E-11 9.923-11 1.19E-10 1.3SE-10 1.4633-10 1.58B-10 
1.60E-10 1.423-10 
2.40B-12 2.54E-11 7.14E-11 1.003-10 1.2OE-10 1.36E-10 1.47E-10 1.59B-10 
1.6113-10 1.43E-10 
2.423-12 2.573-11 7.213-11 1.01E-10 1.216-10 3.371-10 1.48E-10 1.606-10 
1.62E-10 1.44E-10 
2.463-12 2.613-11 7.35E-11 1.02E-10 1.23E-10 1.386-10 1.506-10 1.618-10 
1.63E-10 1.443-10 
2.583-12 2.743-11 7.663-11 1.07E-10 1.28E-10 1.431-10 1.5SE-10 1.6633-10 
1.67E-10 1.47E-10 
2.763-12 2.933-11 6.223-11 1.14E-10 1.35E-10 1.51E-10 1.62E-10 1.731-10 
1.74E-10 1.SlE-10 

c----------------------------------------------------------------------------- 
C 
C PHOTON EMISSIVITY C3EFFICIENTS LIST 
C 
C ISEL WAVELENGTH 
C 
C 1. 977.0 
C 
C 2 386.2 
C 
C 3 574.2 
C 
C 4 884.7 
C 

- - - _  - - - - - - - - - -  
TRANSITION TYPE METASTABLE IMFT 

2s 2P-2S2 EXCIT 2S2 (lSO.0) 1 

2s 3P-2S2 EXCST 2S2 (1SO. 0 )  1 

2s 3D-2S 2P EXCIT 2S2 ( 1SO. 0 1 1 

2 s  3P-2P2 EXCIT 2S2 (1SO. 0 )  1 

- - - -  - - - - - - - - - -  - - - -  - - - - - - - - - -  

(1P1.0) - (1SO.O) 

(1P1.0)-(1SO.O) 

(1D2.0)- (1Pl.O) 

(1P1.0) - (lD2.0) 
C 
C N.B : PHOTON EMISSIVITY COEPPICSENTS ARE DIVIDED BY 
C ELECTRON DENSITY 
C 
C NOTE: POPULATION DEPENDENT ON GROUND STATE 
C 
C C.F. MAGGI JET 30 SEPT. 1991 



where <yr> is a two digit year number 

<saq> is the isoelectronic sequence symbol 

Datalines: 

EL, IZ, WLEVELS, NKNOTS, NLINES 

SHFILE 

SBFILE 

SSFILE 

PROG, DATE, UID 

for i = 1 , NLEVELS 

IND, CODE, IS, IL, IJ 

repeat 

for it = 1, NKNOTS 

TE, DENS, P, RHE TM, "EL, DENSL, PL 

repeat 
SPSYMB 
for itro = 1 , NLINES , 10 

(WVLAP(itr), itr=itrO, itrO+9) 

(WVLEX(itr), itr=itrO, itrO+9) 

(LL(itr), LU(itr), itr=itro, itrO+9) 

for it = 1, NKNOTS 

TELV , (GFT( itr,it),itr=itro,itrO+g) 

repeat 

DESCRIPTIVE TEXT 

nuwe meMing 

EL two chanscter element symbol 

I2 ioncharge 

NLEVELS 

NKNOTS 

number of energy kvcls for ion 

number of data values for a transition 



WINES 

SHFILE 
SBFILE 

SSFILE 

PROG 

DATE 

UID 

MDO 
CODE() 

IW 
ILO 

IJO 

TEO 

DENS() 

PO 

TMO 

E L 0  
DENSL() 

PLO 
SPSYMB 
WLAP()  

WVLEX() 

LLO 

LUO 

TELV 

GW,) 

n u m k o f t n n s k  

sourccfikfothydrogtntoe~nmberdensityntio 

somu files for ionisation ~ 1 a t . j ~  

s ~ u r ~ e  specific ion file 

-puttrcodeusedfrothe dataproductiotr 

date of production 

user identifier of data producer 

index numbers of energy levels 

arbitrary identifier string for energy levels 

multiplicity of level 

total orbital quantum number of level 

(statistical weight- I )n for level 

electron temperatures (K) 

electron densities (cm-3) 

pressure (K cm-3) 

hydrogen/electron number density ratio 

time (or unspecified counter) 

log 1 O( electron temperatur~K)) 

log 1 O( electron density (cm-3)) 

log I O( pressure (Kcm-3)) 

spectroscopic notation for emitting ion 

appproximate wavelength for line (Angstmm) 

exact wavelength for line (Angstrom) 

lower level index for line 

upper level index for line 

log 1 O(e1ectron temperature (K)) 
G(T,) function (cm3 S-1) 

1st parameter - transition 

2nd parameter - temperaftrrc 



S 3p* 3P(J-O.S) 2(1) 0 .5  
6 3p 3P{J-2.5) 2(1) 1.S 
7 3d* 3D(i7-1.5) 2 ( 2 )  1.1 
8 36 3D(J-3.5) 2 ( 2 )  2.5 
9 48 4S(J=O.S) 2jO) 0.5 
10 4p* 4P(J-0.4) 2(1) 0.5  
11 4p 4P(J-1.S) 2 ( 1 )  1.5 
12 4d* 4D (J-1.5) 2 ( 2 )  1.s 
13 4 d  4D(J=2.S) 2 ( 2 )  2.5 
14 4 f +  4P(J-2.S) t ( 3 )  2.5 
15 4f l i l (J13.5  1 2 ( 3 )  3.S 
16 58 SS(J=O.S) 2 ( 0 )  0.5 
17 5p* SP(J1O.S) 2 ( 1 )  0 . 5  
18 sp SP(J-1.5) Z ( 1 )  1.5 
1 9  Sd* dD(J-1.5) 2 ( 2 )  1.5 
20  5d SO(J=2.5) 2 ( 2 )  2.5 
21 5f* SP(J-2.5) 2 ( 3 )  2 .5  
22 5 f SP (J-3.5 2 ( 3 )  3.5 
23 sg* 50 (J-3.5) 2 ( 4 )  3 . 5  
24 5g SO(J-4.5) 2 ( 4 )  4 .S  

- - - - - - - -  
3.55D+04 
3.98D+04 
4.47D+04 
5.01D+04 
5 .  62D+O4 
6.31D+O4 
7.08D+04 
7.94D+04 
8.91D+O4 

- - - - - - - -  
8 .  51D+09 
7.79D+09 
6.76D+09 
6.03D+09 
5. 373)*09 
4.79D+09 
4.27D+09 
3.800+09 
3.39D+09 

- - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  
9.2OD-01 4 .55  9.93 14.48 

14 .48  9.13D-01 4 .60  9.88 
14 .48  9.100-01 4 .65  9 .83  

9.09D-01 4 . 7 0  9.78 14 .48  
9.OSD-01 4 .75  9 .73  14 .48  
9.01D-01 4 . 8 0  9.68 14.48 
8.85D-01 4 . 8 5  9.63 14 .48  

14 -48 8 -650-01 4 .90  9.58 
14 -48  8.55D-01 4 . 9 5  9.53 

TABLB OF O(T) VALUBS (CX3 S-1) FOR 0 VI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
APPROX WLENOTH 1037.6 1031.9 183.9 
S P B W  WLENOTH 1037.614 1031.924 183.937 
TRANSITION 1- 2 1- 3 2- 4 
Loo (TB (K) 1 - - - - - - - - - -  

4 .55 2.843D-41 5.448D-41 2.684D-52 
4 .60  6.2593)-37 1.204D-36 6.4620-47 
4 . 6 5  3.996D-33 7.711D-33 3.476D-42 
4 .70  1.015D-29 1.9651)-29 5.8983)-38 
4 . 7 5  1.301D-26 2.526D-26 4.1040-34 
4 .80  7.007D-24 1.364D-23 9.981D-31 
4 .85  1.326D-21 2.590D-21 7.237D-28 
4.90 1.146D-19 2.2421)-19 2.068D-25 
4 . 9 5  6.1060-18 1.198D-17 3.200D-23 

184.1  
184.117 

3- 4 

5.368D-52 
1.2920-46 
6.951D-42 
1.1801)-37 
8.208D-34 
1.9961)-30 
1.447D-27 
4.136D-25 
6.400D-23 

150.1  
150.124 
1- 5 

3.314D-53 
9.1221)-48 
5.541D-43 
1.050D-38 
8.088D-35 
2.1593)-31 
1.707D-28 
5.2850-26 
8.818D-24 

150.1  
150.089 
1- 6 

6.539D-53 
1.801D-47 
1.095D-42 
2.077D-38 
1.600D- 34 
4.2731)-31 
3.379D-28 
1.047D-25 
1.747D-23 

172.8  
172.935 

2- 7 

1.032D-52 
2.905D-47 
1.797D-42 
3.456D-38 
2.689D-34 
7.228D-31 
5.732D-28 
1.775D-25 
2.9521)-23 

173.0  

3- 7 
0 . 0 0 0  

2.058D-53 
5.794D-48 
3.584D-43 
6.892D-39 
5.362D-35 
1.441D-31 
1.143D-28 
3.539D-26 
5.886D-24 

173.0  
173.082 

3- 8 

1.8780-52 
5.283D-47 
3.266D-42 
6.2751)-38 
4.878D-34 
1.310D-30 
1.038D-27 
3.211D-25 
5.337D-23 

132.2  
132.2  

2- 9 

5.791D- 
3.554D- 
4.402D- 
1.571D- 
2.119D- 
9.300D- 
1.1411)- 
5.209D- 
1.224D- 

APPROX WLENGTH 129.8 129 .8  497.9 498.4  129.8 498.3 518.1  518.2 518.2 0 . 0  
SPECIR 129.785 0 .000 498.090 0 . 0 0 0  129.871 498.431 519.610 0 .000 519.723 0 . 0  
TRANSITION 2-12 3-12 5-12 6-12 3-13 6-13 7-14 8-14 8-15 0- 0 
LOG (TB (a) 1 - - - - - - - - - -  

4 . 5 5  7.5811)-57 1.5130-57 2.296D-57 4.592D-58 1.363D-56 4.130D-57 4.171D-57 2.972D-58 6.081D-57 0.000D+ 
4 .60  4.959D-51 9.897D-52 1.502D-51 3.0040-52 8.916D-51 2.702D-51 2.721D-51 1.939D-52 3.962D-51 0.000D+ 
4 .65  6.501D-46 1.2983)-46 1.969D-46 3.937D-47 1.1691)-45 3.5420-46 3.557D-46 2.534D-47 5.171D-46 O.OOOD+ 
4 .70  2.441D-41 4.8723)-42 7.392D-42 1.4780-42 4.3891)-41 1.3300-41 1.331D-41 9.481D-43 1.932D-41 0.000D+ 
4 . 7 5  3-447D-37 6.880D-38 1.044D-37 2.088D-38 6.199D-37 1.879D-37 1.8710-37 1.334D-38 2.7140-37 0.000D+ 
4 .80  1.576D-33 3.1453)-34 4.772D-34 9.544D-35 2.834D-33 8.588D-34 8.517D-34 6.069D-35 1.233D-33 0.000D+ 
4 . 8 5  2.006D-30 4.003D-31 6.0740-31 1.215D-31 3.607D-30 1.0931)-30 1.079D-30 7.687D-32 1.560D-30 0.000D+ 
4.90 9.462D-28 1.8891)-28 2.866D-28 5.731D-29 1.702D-27 5.1578-28 5.063D-28 3.6070-29 7.3111)-28 O.OOOD+ 
4.95  2.2903)-25 4.570D-26 6.934D-26 1.387D-26 4.1180-25 1.248D-25 1.218D-25 8.681D-27 1.7571)-25 0.000D+ 

c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
C 
C TRANSITION WAVBLBNGIlIs ARNsIgD 'IQ SPECTROSCOPIC VALUES IN K X U Y  
C 
C R. W .  P. MCWHIRTBR 15/01/92 
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
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