Feb18-03 ADAS Bulletin

I must firstly apologise for the delay in this release. As you will recall, we held the intensive four-
week ‘Winter School’ on ADAS and Atomic Calations at Strathclyde University from 18 Nov. — 13
Dec. This had the two effects of giving us a large number of corrections to implement in ADAS codes
and running me into my heavy examining amd marking schedule. The Winter School was
nonetheless very beneficial since it was the most concentrated examinatioDit8epackage we

have ever had.

I had hoped to go with a comprehensive release of all the heavy species handling codes
together some little time ago. However, these codes are pretty complicated and are taking a long time
to verify, adjust and get working compatibly. Handling heavy species means revising upwards
virtually all decisions made many years ago — maximum angular momenta, fields allocated to
statistical weights, lengths of configuration strings, translation tables etc. etc. But we are nearly there
now and | feel it is best to release some of them now as ‘beta’ versions so that we get them under more
general test. Also, we have already introduced some of the codes to participants at the Winter School,
who wish to continue working with them immediately. So this time, we have incAida&510 for
interrogating and displaying envelope feature emissivity coefficieRBAS808 for previewing
complex species spectral emission in selected spectral intervals and setting up appropriate driver data
sets for off-line execution and ADAS810 for cd#ting feature emissivity coefficients. First versions
of two other utilities in series 8 are also included, nam®&IyAS804 for simple effective potéial
Born omega and Upsilon calculatioADAS809 for conversion of an adf04-type 1 file to an adf0o4-
type 3 file. We shall upgradeDAS809 in the near future to full non-Maxivan handling.

You will be aware of the gradual shift in tA®AS Project to making ailable some of our
fundamental atomic structure and collision calculation capability. Parts of this are suitable for
interactive ADAS (see series 7 and 8) ma#in calculations need to be done off-line on powerful
machines. With the introduction of heavy species modellif§taAS, the link to off-line calclation
becomes essential and we are trying to make this as smooth as possible. Working with off-line
structure and collision codes was one of the themes of the Winter School. | have made the complete
set of lecture notes, presentations and tutorial exercises availableADAS documetation release
(seel.../ladas/docs/adas-and-atomic-calculations-course/t would recommend however that those
who wish to use the off-lines codes should try to come to at least to the second part of the Winter
School (next occasion Nov 2003) at some stage. Working on a specific example with the experts is
worth a lot of words.

You will notice (amongst many others) two néMDAS data formats,adf38 and adf39
These are for photo-excitation and photo-ionisation cross-sections and reflect on-going work of Nigel
Badnell and Mike Seaton. This extends and revises some bits of the Opacity Project. | hope this will
lead onto a capability for handling photo-ionised plasmasDAS soméime in the future. For the
moment, the specifications @fd38 and adf39 have been added to the IDL-ADAS User Manual
(appxa-38.pdfappxa-39.pdf

A final word concerning the ADAS User Manual. It has of course become very large and
needs frequent updating, especially when new codes are being brought on streamA&ikStidata
formats are being extended to cope with new situtations. | have therefore decided to align the manual
version with the ADAS release and enter chapters on new codes in it as they are released. This means
that the up-to-date manual is really the computer version (indtieg /directory or accessible via
http://adas/phys.strath.ac.uk)Also, the manual is now more of a ‘road map’. That is it includes
entries for codes which we have working in preliminary version, but have not yet had the time to
bring-up fully into IDL-ADAS, and dta formats which are noweoessary, but have not been filled
yet with significant amounts of central ADA&td yet.

Corrections and additions to code$ADAS v2.5.6 to ADAS v2.6)

C.1 There are problems in using ADAS811 particularly on true 64 bit (DEC/Compag/HP)
machines. It arises when making call_external IDL routines just using fortran. This was tried
with r8necip.foras no string passing was involved. However it proved necessary to introduce
C glue code.



C.2

C.3

C4

C5

C.6

*** Removed r8necip_if.for and replaced withBnecip_calc.forandr8necip_if.c

There are some further issues with ADAS211. The recombining ion charge (iz1) listedlcu

from the atomic number and isoelectronic sequence. However the test to find the number of
electrons in the isoelectronic was case sensitive. Unfortunsiieh5807 produced adf08 files

with mixed case. Rather than failing, unfortunat®lyAS211 calclated silly quantum defects

and defaulted to hydrogenic values. The fix is to do the test having converted to an upper case
sequence string. We are attempting to put active string conversion into all codes at key places.
Note the conversion subroutimgcase.foiin /.../fortran/adaslib

TheadfO8files produced automatically BYDAS807 caused more than just the problem of C.2.

In the Li-like case the level configuration strings dropped the full 1s2 shell. The parsing
routine in ADAS211 bprs3.fo) did not cope very well. As it does not know the number of
electrons, full shells below the currently open one are assumed filled. Therefore 4p1 was taken
as 1s2 2s2 2p6 3s3 3p6 3d10 4pl. At least this time nothing was produced so the problem could
be traced. The 'solution' is to modify ADAS807 to put in the 1s2 for the Li-like sequence.

Yet another problem is with the seq string. It looks human readable but is fixed format. IDL
writes single character sequences as ' C' via A2 format. However this is incorrectly interpreted
in adas211.for. We have changedp_adf08.prao write out 'C '

Closed shells becomes a bigger issue for heavy complex ions — which is the trend of our
development at the moment. The configuration field in the standard adf04 file format is
insufficiently long to put the complete configuration for a heavy ion, nor is it helpful for most
purposes to see the occupancies of inactive inner shells. We have more advanced versions of
the configuration handling, parsing, detection & conversion between forms (Eissher and
Standard) subroutines. These inclua@ars.for xxprsl.for xxprs3.for xxcftr.for, xxdtes.for

and so on. These will deal with arbitrarily complex systems and verify inner shell (undeclared)
occupancy by examing the ground state configuration of the ion iadi®® look-up tables.

We are introducing them into the ADAS releases as and when we have checked through all
their dependencies.

A missing utility subroutine foADAS811 has been added to the IDL librangindf.pro. This
is a complement to the fortradindf.for subroutine, but in this case, since it is simple, a
version has written directly in IDL.

Some new functionality has also addedPAnt All' button, which prints all transitions (of a
single type) to a file, is included. Also a new information field, which gives the value of x,y (in
data units) under the cursor on the graph, is provided.

Ambiguities in labelling on the file selection screen have been fixed. Bnowse’is
replaced bySelect'for choosing files. AnothdbDL 5.5 array/scalamproblem has been fixed.
This was a most tiresome alteration in IDL5.5 which has caused a lot of extra work.

Note incidintally thatADAS801 can also handle the s case of H-like configurations -
which are labelled n=2 etc (that is with the bundling notation) in the light ion GCR Project.

A subtle logic flaw inread_adfO4.prohas been picked up. When overwriting ionisation rate
data from S lines, the level and parent indices were occasionally incorrect.

Some of the files produced by ADAS204 are obsolete, in particulaadti® files. These

should now be generated using ADAS208. Some otherafbed output files are also not
necessary. The output screen has been remodelled into necessary and optional sections. The
only mandatory one, required to run, adas204 adfl7.pasmnd/orpaper.txt The others are
optional. Note thapaper.txthas re-instated - in the previous IIDIDAS version, printing to it

was suppressed.



c.7

C.8

C.9

C.10

Further changes affect both the fortran and IDL. More logic variables have been added to
adas204.forand the method of specifingpassdir,which was used to construct the output file
names, has been replaced. Now an array of names is passed in together with an array
indicating whether output is required or not.

b4spfl.prois no longer necessary as its functionality has been replaced by an updated
adas204 out.pro This output widget does not require tive adas204_outompound widget.

*** Removed b4spfl.proandcw_adas204_out.pro

Yet another missd®L 5.5 array/scalarproblem in ADAS402 has been fixed. Also the
polynomial fit tolerance query iow_adas402_proc.prbas been fixed.

There was a logic flaw when cycling between range boxes in explicit scaling of output graphs -
if no z range is present, then pressing <return> in y-max caused a crash as the program tries to
give input focus to z-min. This bug affects all widgets which use cw_adas_ranges.

ADAS209 did not include bundling of S-lines. This has proveckssary for H-like lithium.

The approach taken is to calculate the rates from the data adtdéfile and then take the
statistical sum of rates. This sum is then divided by the new, bundled, exponential factor in
order to generate valiadf04 S-lines. Also we have added the name of producer to the output
(bundled)adfO4file automatically viaxxname.foisubroutine.

There is an odd problem wisldas_in_v2.prdor IDLv5.4 on DEC machines. It looks like the
array of one vs. scalar problem and has the same solution, but it appears to be specific to this
version/machine combination. Adding a [0] is harmless to other machines, so we have done so.

C.11 A problem appeared in ADAS703 whidiléd to produce ordinary dipole transitions between

C.12

C.13

C.14

doubly excited states. The program relied on parsing AUTOSTRUCTURE output.
Unfortunately, the output formatting changed significantly between v16.5 and 16.10 9 - the
current ADAS version). We have to apologise abougiburie in our own group’s internal
communication system.

A newread_adf00.proroutine has been prepared to retrieve data from the adfO0 reference
atomic data files, that is ionisation potentials and ground configurations of the ionis of all
elements.

We have made many changes to ADAS801 as we tested it to destruction at the Winter School.
These are all to do with learning tocope with very heavy species. The main changes are:

- Algorithm deficiency inrcg which did not properly allocate unlabeled levels among the

multiply labeled ones. This shows up in particular in highly mixed ions.

- Purity of levels is now written to 1@dfO4file.

- Indication in comment section whether a level (or a term within a level) has been re-
labeled inrcg (sprnadd.foy.

- lonisation potentials can now be retrieved from the cemi2AS adf00 collection.
Typing in the correct value is still possible.

- Type ladfO4files can now be written directly ®YDAS801.

- To accommodatadfO4files with large level and transition lists the output format of the
transition indices and Upsilons is now adjusted according to the number of levels. This
fits in with the new flexibleadfO4 reading codes. The new complete general purpose
adf04 reading subroutine isxxdata_04.for and it resides in the highest level
/...[fortran/adaslibsub-directory.

- paper.txtnow holds a record of the temporary files used in the calculation.

Dimension updates have been made in ADAS201, ADAS205 and ADAS207 so as to cope with
xenon. This meant thakminv.foralso had to be re-dimensioned.



C.15

C.16

C.17

C.18

C.19

C.20

c.21

C.22.

C.23

C.24

. ADAS403 did not work correctly on SUN hardware. The IDL spawmtand requires the
/shparameter in that case. The addition has no effect on other operating systems.

. ADAS207 had a problem with the neutral density and recombining fractional aburat&osce r
(the vectorsatha andratia). These can change in size between runs but the size stored in the
defaults file was fixed. Their values are not stored but the structure assignment in IDL does not
allow for re-dimensioning of vectors or arrays.

. ADAS402 had a lingering IDL v5.5 ‘array of one’ bug. A more serious problem wasli@apecu
logic flaw when using the search button — the central year was not searched for if a default year
was present. This has been corrected.

. The IDL version of thexdtesroutinewas machine specific. This arose by trying to pass
FORTRAN logicals, through C to IDL. A more robust way is to pass integers, but this requires
an interfacing FORTRAN program. Keeping with convention, this is cakdtes_calc.for
and is stored invrapper/adaslibalong with thexxdtes_if.ccode.

. In ADAS807, the passing files (and internaining of variables and routines) for the mapping
of adfO9files onto theadfO4levels hada name reversal. Rather th@® aO4which reflects
theadf18/a09_aO4onventiona04 a09was used. This has been altered.

. There was an incorrectly named external function declaration xxc¢fieinterface code,
xxcftr_if.c This could have caused problems on some versions of UNIX.

. ADAS312 would processlf26files for beam emission, but not beam stopping. This was due
to a faulty design which applied an error flag for unavailable transition information in beam
emission to the beam stopping case also. This has been corrected.

It was convenient at the same time to tidy up the comments at the encdfazhadf22
output files and change the default pass file nanagl&as312_out.pagérom default.tx).

ADAS312 has an unfortunate way of determining species and donanatfon which are

used purely for information on thegmessing screen. The adf26 input filename is parsed for

this information which effectively restricts it to centPdDAS data or correctly named user

data. A trap has been inserted to se whether the input file conforms to this pattern and if not, a
message is displayed rather than random looking strings as at present.

ADASS801. A fault has been corrected in the ettt of the configuration representation of
Cowan to that of Eissner by the subroutéssner.for The problem arose with occupation
numbers greater than 9 and gave incorrect configuration strings in the aufip4file.

Extensions have been made to several subroutineadas/idl_adas/fortran/adasliti6 allow

us to handle very heavy species. These routinesstgp.for, ceigrp.for, ideiss.for,

idjgrp.for, idlgrp.for, i4ndec.for, idngrp.for, i4pgrp.for, i4schr.for, xxcftr.fandxxdtes.for It

is only the latter two which might have some impact. xxdtes.for is a substantial extension. It
does require the other revised subroutines. Please let us know if you have any unexpected stops
from xxcftr.for or xxdtes.for.

ADASA407. The subroutirdrauts.forchecks that the number of entries in the orbital energy

list of an adf04 files equals the number of orbitals identified in the configuration lists of the

file. For heavy species with empty inner shells, this is overstringent and can cause unnecessary
program termination. It is sufficient for the identified orbitals to be a subset.

Corrections and updates to datgd ADAS v2.5.6 to ADAS v2.6)



Manuel Bautista's adf09/27/28 have been changed again. Some files may remain the same but
the entire directories have been updated from his files. Twice before release - latest update Jan
2003.

adf09/mb00#he/*

adf27/helike/mb00#he/*

adf28/helike/mb00#he/*

New Li-like adf04 data for Ar and Fe from Allan. The reference is A D Whiteford et al, J Phys
B 35 3729-3740 (2002).

adfo4/lilike/lilike_adwO02#ar15.dat

adfo4/lilike/lilike_adw02#fe23.dat

PECs and SXBs from relatively high n in the hydrogen like low Z elements have been added.
These are generated with the off-line v2bndl code. Datasets for He were added in the 2.5.6
release but Carbon was omitted. These have now been added to the adf13/adf15 96 directories
with the bnd extension.

adfl13/sxb96#c/sxb96#c_bnd#c5.dat

adfl5/pec96#c/pec96#c_bnd#c5.dat

Lithium has been added from the GCR Project. Many files are required -
adf03/4/7/8/10/11/13/15/17/18/25 - approximately 10Mb of data in total.
- New fundamental data for excitation from Connor and Don Griffin, with ionisation from
the Auburn group - Stuart and Mitch Pindzola.
- The DR data came from the DR project from Nigel.
- All other data and manipulation froADAS.
- GCR adfl1 sets for ionisation, recombination and power have the year/token/designation
96 in keeping with the other light elements.
- A baseline 89 dataset has also been included which adds CX recombination and power
and a specific line power dataset for compatability.
adf03/atompars/atompars_mm#li.dat

adf04/adas#3/cpb02_Is#li0.dat
adf04/adas#3/cpb02_Is#lil.dat
adf04/adas#3/cpb02_Is#li2.dat
adf04/adas#3/cpb02_n#li2.dat
adfo4/copmm#3/Is#li0.dat
adfo4/copmm#3/Is#lil.dat
adfo4/copmm#3/Is#li2.dat
adfo4/copmm#3/Is#li3.dat
adfo4/lilike/lilike_cpb02#1i0.dat
adf04/helike/helike_cpb02#lil.dat
adfo4/hlike/hlike_cpb02#li2.dat

adf07/szd02#li/szd02#li_li2.dat
adf07/szd02#li/szd02#li_lil.dat
adf07/szd02#li/szd02#li_li0.dat

adf08/rrc98#h/rrc98#h_li2.dat
adf08/rrc98##/rrcO8#+# li3.dat
adf08/rrc98#he/rrc98#he_lil.dat

adfl0/acd96/pj#acd96_hll.dat
adfl0/acd96/pjt#acd96 hell.dat
adfl0/acd96/pj#acd96 hel2.dat
adfl0/acd96/pj#acd96 _lill.dat



adfl0/acd96/pj#acd96_li21.dat
adf10/met96/pj#met96 _h##.dat
adf10/met96/pj#met96 he##.dat
adf10/met96/pjH#met96_li##.dat
adfl0/plt96/pj#plt96 h##.dat
adfl0/plt96/pj#plt96 he##.dat
adf10/plt96/pj#plt96 _li##.dat
adf10/prb96/pj#prb96 _h10.dat
adf10/prb96/pj#prb96 _hell.dat
adf10/prb96/pj#prb96 lil0.dat
adf10/prb96/pj#prb96 li20.dat
adf10/qcd96/pj#qcd96 hel2.dat
adf10/qcd96/pj#qcd96 he21.dat
adf10/scd96/pj#scd96 _hll.dat
adf10/scd96/pj#scd96 hell.dat
adf10/scd96/pj#tscd96 hel2.dat
adf10/scd96/pj#scd96 lill.dat
adf10/scd96/pj#scd96 _li21.dat
adf10/xcd96/pj#xcd96_lil2.dat
adf10/xcd96/pj#xcd96_li21.dat

adfll/acd96/acd96 _li.dat
adfll/acd96r/acd96r_li.dat
adfl1/scd96/scd96 _li.dat
adfll/scd96r/scd96r_li.dat
adfl1/prb96/prb96 _li.dat
adfl1/prb96r/prb96r_li.dat
adfl1/plt96/plt96 _li.dat
adfl1/plt96r/plt96r_li.dat
adfl1/gcd96r/gcd96r_li.dat
adfll/xcd96r/xcd96r_li.dat
adfll/acd89/acd89 li.dat
adfl1/scd89/scd89 li.dat
adfll/ccd89/ccd89 _li.dat
adfl1/prb89/prb89 li.dat
adfl11/plt89/plt89 li.dat
adfl1/prc89/prc89 li.dat
adfl11/pls89/pls89_li.dat

adfl13/sxb96#li/sxb96#li_pjr#li0.dat
adfl13/sxb96#li/sxb96#li_pjr#lil.dat
adf13/sxb96#li/sxb96#li_pju#lil.dat
adf13/sxb96#li/sxb96#li_pju#liO.dat
adfl13/sxb96#li/sxb96#li_pjr#li2.dat
adf13/sxb96#li/sxb96#li_pju#li2.dat

adfl5/pec96#li/pec96#li_pjr#li0.dat
adfl5/pec96#li/pec96#li_pjr#lil.dat
adfl5/pec96#li/pec96#li_pju#lil.dat
adfl5/pec96#li/pec96#li_pju#li0.dat
adfl5/pec96#li/pec96#li_pjr#li2.dat
adfl5/pec96#li/pec96#li_pju#li2.dat

adfl7/cbnm96#li/cbnm96#li_li0ls.dat
adfl7/cbnm96#he/cbnm96#he_lills.dat
adfl7/cbnm96#h/cbnm96#h_li2ls.dat

adf18/a09 a04/drm96#he/drm96#he_lil.dat



D.5

D.6

D.7.

D.8

D.9.

adf18/a09 _a04/drm96#li/drm96#li_li0.dat
adfl8/al7_p208/exp96#h/exp96#h_li2ls.dat
adfl8/al7_p208/exp96#h/exp96#h_li2n.dat
adfl8/al7_p208/exp96#he/exp96#he lills.dat
adfl8/al7_p208/exp96#li/exp96#li_li0ls.dat
adf18/a09 p204/drm96#h/drm96#h_li2n.dat
adf18/a09 p204/drm96#he/drm96#he_liln.dat
adf18/a09 p204/drm96#li/drm96#li_liOn.dat

adf25/bns96#h/bns96#h_li2.dat
adf25/bns96#he/bns96#he_lil.dat
adf25/bns96#li/bns96#li_li0.dat

Add theadf0Odirectory which holds configuration and ionisation potential data. Note the
ga.datfile was incorrectly formatted. Incorrect ionisation potentials (missing exponents) in
Rb, Tc and Pd.

adfoo

Correction to A-value in OV IC file (Peter Young, RAL).
adf04/adas#8/cop98#8_ic#o4d.dat

The ADAS405 and ADAS406 example scripts atStrathclyde were oataofidd so
(embarassingly) did not work.

David Elder pointed out that the ‘96’ neutral carlp®t and sxb datasets did not include
transitions that were present in the ‘93’ set. This is an old problem arising from the rather
crude algorithm in ADAS208 for restricting thedbnumber of pecs. A new set of unresolved
and resolved files keyed to the visible spectrometer ravggeagdvsr files) — just as for ClI
and ClII — have been added for CI as follow:
adfl5/pec96#c/pec96#c vsu#cO.dat
adfl5/pec96#c/pec96#c vsr#cO.dat
adf13/sxb96#c/sxh96#c_vsu#cO.dat
adfl13/sxb96#c/sxb96#c_vsr#c0.dat

New adf38 and adf39 photo-excitation and photo-ionisation data. These have been prepared by
Nigel Badnell and Mike Seaton. H-like, hHe-like and Li-like ion s of carbon, oxygen, sulphur
and iron ions have been included on this occasion. Note that there are both LS and IC
versions. Further data sets are in preparation.

adf38/nrb02#h/<ion>Is<n>l,r.dat

adf38/nrb02#he/<ion>ls<n>l,r.dat

adf38/nrb02#li/<ion>ls<n>l,r.dat

H. P. Summers
07 Feb. 2003



ADAS510: F-PEC - graph envelope feature
photon emissivity coefficients

The program interrogates enevelope feature photon emissiityAs'€ ) files of type ADF40. The

coefficient is extracted for a selected wavelength range of an ion. The coefficient may be displayed in
a three dimensional plot.

Background theory:

An envelope feature photon emissivity coefficient, denoted/y&'€ , is defined on a wavelength

interval and is a composite feature arising from very many lines from a single ionisation stage. The
F_FEE s suitable as a descriptor in wavelength intervals and at spectral resolutions where the

individual component lines are unresolved or only partly resolved. This situation occurs with very
complex heavy element ions for which it becomes helpful and economical to handle the envelope
feature rather than the individual line emissivity coefficien#&5 s). Following Chap 3.8, the
emissivity of an individual line is specified as

M M+
—_ (exc) (rec) +
gjﬂk _Ajﬂk(zgrja NeNa + Zg?ju’ NeNu’)' 6.10.1
o=l U=l
This allows specification of thexcitationphoton emissivity coefficient
PE€ T = A F 0 6.10.2

and therecombinatiorphoton emissivity coefficient
(rec) _— (rec)
FE€, 7 = Ajﬂkfijur . 6.10.3
Each of these coefficients is associated with a particular metagfabtet’ of the X ™%, or X

ions respectively.

Consider a spectral interval, [A;,A,], subdivided into N, intervals as

(DAY =[ A, +i(A, —A,)/ N A +(1 +1)(A, = A;)/ N, 1:1=0,..,N,, —1}Also
suppose that thg — K spectrum line has a normalised emission prafile (A ). In general,

such a profile is a convolution of Doppler and instrumental functions. Then the envelope feature

photon emissivity coefficient vector is defined as
At

T pEg TN = > FE€, J ¢, . (A)dA 6.10.4
/j\}liku[ 0] ‘

/\jﬂk is the natural wavelength of thg — K spectrum line. The default broadening assumed is

Doppler with a Maxwellian distribution for the emitting ion at temperatukg,, equal to the

electron temperaturel,, used in the collisional-radiative modelling of t#£# s. This consitutes

a minimum broadening. The integral in equation 6.10.4 is then expressible in terms of error

functions as
T 7e6,77 N = N g0 {erdd(A - A, ) 0)
ik

g,j-k 2
/\;AkDA/\i[O‘” 6.10.5

—erfd(A, =4, )/ 0)}

/2

T m

whereg = A; a2 A% 0 and m, is the emitting ion mass.

m, m
H X



In principle, the minimal Doppler broadenel &€ s can be convolved with effective instrument

functions and/or representations of wavelength dependent filters. These are called ffiltered’
F_PEE s and they are structurally the same as the unfiltefedPE'E s.

F 766NN = F g p60 0NN 6.10.6
— g I — g ) '
where {F, :i =1,..,npix} denotes a filter. The archiving is unchanged except for the need for a

filter code to be assigned as part of the archive.
T FPEE data are extracted from archived files of typeF40. They are interpolated by cubic

splines in electron temperature and density to provide results at an arbitrary set of temperature/density
pairs. The code can select the temperature/density pairs graphically. For this purp@se/di€

must be contracted over wavelength. The functional used for interactive graphical pair selection is the
total photon count over the wavelength interval, namely

————(exc)[01]
T PEC, S 7 ey 6.10.7
I

Program steps:

Interactive parameter comments:

Programs of series ADAS5 which make use atadfrom archivedADAS datasets initiate an
interactive dialogue with the user in three parts, namely, input file selection, entry of user data and
disposition of output.

Thefile selection windowhas the appearance shown below

1. Data root 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. Note that each type of data is stored
according to its ADAS dta format §df number). Click théJser Data
button to insert the pathway to your own data. Note that your data must
be held in a similar file structure to centr@DAS, but with your
identifier replacing the firshdas,to use this facility.

2. The Data root can be edited directly. Click Bdit Path Namebutton
first to permit editing.

3. Available sub-directories are shown in the large file display window.
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 above the file display window. Then its sub-
directories in turn are displayed in the file display window. Ultimately
the individual datafiles are presented for selection. Datafiles all have
the terminationdat

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

6. Clicking on theBrowse Commentbutton 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 theCancelbutton takes you back to the previous window



— Central Data|User Data| _|Edit Path Hame

ADAS ST10 INPUT

Input Dataset

Data Root ‘??mmﬁjmart%ﬁj&é&ﬁj&ﬁ?éﬁf

—

xe_10_adf40.dat w_

hf 28 adf40.dat
/ xe_10_adf40.dat 4

Data File

\

Browse Comments|Cancel|Done|

Theprocessing options windowhas the appearance shown below

1. An arbitrary title may be given for the case being processed. For
information the full pathway to the dataset being analysed is also
shown. The buttorBrowse commentagain allows display of the
information field section at the foot of the selected dataset, if it exists.

2. Spectral intervals for which envelope feature emissivity coefficients are
available in the data set are displayed in the list display window. This
is a scrollable window using the scroll bar to the right of the window.
Note there is &ilter field present for information. Click anywhere on
the row for a feature to select it. The selected feature appears in the
selection window just above the feature list display window.

3. Your settings of electron temperature/electron density pairs (outputs)
are shown in the temperature/density display window. The temperature
and density values at which the envelope feature emissivity coefficient
is stored in the datafile (inputs) is also shown for informatidiote
that you must give temperature/density pairs, ie. the same number
of each as for a model. The underlying datafile has a three-
dimensional storage as a function of temperature, density and
wavelength.

10



ADAS510 PROCESSING OPTIONS

Title for Bun ‘

rﬂ’ﬂﬂﬁﬁ,,-~7

Data File Hame:

Browse Comments

Fhome/martin/adas/adfd0/xe 10 adfd40.dat

Select data Block

INDEX Uavelength Ion Processing Metastahble
Ranige Source Code Index
i2 45.1 - 2170.0 f excit t
P
1 8.2 - 39.9 f excit t
2 45.1 - 2170.0 f excit t

Temperature & Density Values

Temperature Density
EIHDEK Output Input Output Input :j
1 2.090E+00 2.090E+00 1.000E+13 1.000E+11
y 2 5.210E+00 5.210E+00 1.000E+13 1.000E+12
3 1.040E+01 1.040E+01 1.000E+13 1.000E+13
4 2.090E+01 2.090E+01 1.000E+13 1.000E+l14
- = 4
Termperature Units: eV Density TUnits :

Edit Table | 5

/

Default Te | Default He | Value Selection by display

Edit the processing options data and press Done to proceed

‘ Cancel ‘ Done ‘

4. The program initially recovers the output temperature/density pairs you
used when last executing the program. The Temperature & Density

Values are editable. Click on thedit Table button if you wish to

change the values. The usual ‘drop-down’ window, the ADAS Table

Editor window, appears.Default Te and Default Ne are available.

These buttons insert the electron temperature data or electron density
data respectively from the input data set as the output values and offers
a choice of a fixed electron density or electron temperature respectively

to be associated with these.
5. The third button is foWalue Selection by displayClick to pop-up the

point value selection widgetlt is designed both to provide a display of

the actual three-dimensional surface of the density and temperature
dependent wavelength interval summed, envelope feature collisional-
radiative emissivity coefficient (see equation 6.10.6) and to allow

selection of temperature/density pairs for the output graphs visually.

Thepoint value selection widgehas the appearance shown below

11



Point Walue Selection Widget

\\\\‘ Graph Style:
30

| I

¥ rotation

30

| I

Z rotation

Surface Styles:

Hesh — | B-H — |

X axis style: Log

¥ axis style: Log

IIII |

Pair wvalue selector

_| Exrase

|

i@ Add at end

_JAdd at beginning
_JInsert point
_IDelete point

Te: 0,12334300 eV HNe: 9,558053le+ cm—3

‘1\

[ pRone|

1. The summed envelope feature emissivity coefficient surface is shown.
Controls are provided to orientate and alter the appearance of the
display. Sliders allow rotation about the X-axis and about the Y-axis so
that the whole surface can be examined. The surface styles can be
altered by selecting from drop-down menus.
continuous or mesh surfaces and the colour of the surface. Finally the
form of the axes, that is logarithmic or linear can be chosen from drop-

down menus.

The styles include

2. A two dimensional projection on the Te/Ne plane is displayed. Note

that the grid lines are those of the actual data in the source file. The
code provides a sophisticated method for selecting Te/Ne pairs by
mouse click which allows the user to track over interesting parts of the

surface.
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3. Move the mouse cursor over the lower Te/Ne grid. A tracking pointer
moves over the surface in the upper display. Click the left mouse button
to select a Te/Ne pair. A symbol marks the selection on the Te/Ne grid
in the lower display and a marker also appears on the surface in the
upper display. Continue to select point pairs as required.

4. Note that the position of the cursor in Te/Ne space is shown
numerically for precise positioning

5. Control buttons at allow adjustments to your selection set. Pairs can be
added at the beginning or end of the set or inserted between pairs. Also
a pair can be deleted. Finally the whole set of pairs can be erased.

6. Click Doneon completion to return to the processing options window.
The pairs selected will be present in the editable table. Note that
conventional entry or modification of user data with Table Editor
remains an option as before.

Theoutput options window appearance is shown below

£DAS510 OUTPUT OPTIONS

Data File Hame: fhome/martin/adas/adfd40/xe_ 10_adf40.dat

/ Browse Comments

W Graphical Output select Device
Graph Title ‘}{e demonstration ‘_?_I?ost—Script
Post-Script
p | Explicit Scaling G in ’7 o - ’7 g:gEL
Yemdne 0|1 e 0[]
Zemin o |} Zomax 1|}
13

% Enable Hard Copy _|Replace {—//

File Hame : |igraph.ps

W Text Output _|Replace Default File Hame

>
File Name : |paper.txt

Return to Input File Selection‘ Cancel| Done‘

1. As in the previous window, the full pathway to the file being analysed is
shown for information. Also thBrowse commentsutton is available.

2. Graphical display is activated by tl&raphical Outputbutton. This
will cause a graph to be displayed following completion of this window.
When graphical display is active, an arbitrary title may be entered

13



which appears on the top line of the displayed graph. By default, graph
scaling is adjusted to match the required outputs. PresExglecit
Scalingbutton to allow explicit minima and maxima for the graph axes
to be inserted. Activating this button makes the minimum and
maximum boxes editable.

3. Hard copy is activated by thienable Hard Copybutton . The File
name box then becomes editable. If the output graphic file already exits
and theReplacebutton has not been activated, a ‘pop-up’ window
issues a warning. A choice of output graph plotting devices is given in
the Device list window. Clicking on the required device selects it. It
appears in the selection window above the Device list window.

4. TheText Outputbutton activates writing to a text output file. The file
name may be entered in the editable File name box WenOutputis
on. The default file name ‘paper.txt'may be set by pressing the button
Default file name A ‘pop-up’ window issues a warning if the file
already exists and thHeeplacebutton has not been activated.

Thegraphical output window has the appearance shown below
1. The 3-D plot is displayed together with identifying textual annotation.
2. The Print button sends the displayed graph to the graphic file. The
Adjustbutton pops up the3-D graph adjustmenvidget which allows
modification of the graph.

ATIONSHIP —

5
&
g

g

o
11
12
12

Byint ‘ §><>y;<->| Bdiund

The3-D graph adjustmentwidget has the appearance shown below
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1. Control is provided to alter the axes. A choice for the X-axis
(temperature or density) is provided. Note that the X-axis is
representing the variation with both temperature and density, since
model pairs are being used. The Y-axis is assigned to wavelength. The
style (logarithmic or linear) for each of the axes may be varied.

2. Explicit scaling may be activated and then the usual manual entry of
minima and maxima for each of the three axis scales is supported.

3. Control of the orientation of the 3-D display is provided. Also, the
appearance of the surface (mesh or surface) and colour of the surface

may be chosen.

4. Note that the widget remains present and active for convenience so that
a sequence of adjustments may be made. @icke to close the

widget..

Surface Plot Adjust Widget

Scales:

—

| __H-axis scale:

Temperature |

log log

H-axis: Y-axis:

Z-axis:

log |

A i

|V
— | vemin

Hemin

_| Graph Range Scaling

H e npie

A ni

& RRER

Graph Style:

| 45

45

1

X rotation

L

¥ rotation

Hesh =

B-H i |

T

Done

Notes:
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ADAS804: Calculate cross-sections & rate
coefficients

The code calculates electron impact excitation cross-sections in a one electron distorted wave Born
approximation using an optimised Slater type or Jucys screening potential and observed level
energies.

Background theory:

For a free electron colliding with 2 times ionised ionA™* in the statey
A*(y)+e(B - AYy)+ € B
9.4.1

E and E' are the initial and final electron energies with>E' and AE=E-E' is the
transition energy. The Born collision strength takes the form

N _ VEE' A) g
Q,,(E.E)=w8~ Z@VV.R‘ (EE) 9.4.2
H
where the sum is over the various multipolds. Qf,"y) comprises the angular factors and

RY(E, E) the momentum and radial integrals. The Ochkur extension allows the application tto
spin change transitions, but with differ@w. and RY(E, E). In term coupling the formulae are
No spin change y = (S, L) nISL; y'= (S, L,)n'I' SL.

L Lo 1" Ad
(’\)—2| DA +1)(2 + DA+ 1
(21 +1)(3 % 1) )(+§'5Ep o
RV (E, EY) = .f|< |JA(‘T1|M>| d(cosp ) 9.4.3
alq

Spin change y = (S, L) nISL y'=(S,L,)n'I'S L.
QM =(21+1)(2 ¥ 1)(2 + 1)(2 + 1).
@s+yd L Lo 1" ad
2(25,+ )L I A0 o of

|<nI|JA(qr)|n| i Egﬁ dcoB)  9.44

RY(E E)= .f

g is the momentum transfer at scatterlng arq;land g is the initial momentum. Other notation is
conventional. The radial integrals are evaluated from numerical wave functions as follows.
Effective potential non-hydrogenic radial integrals Let Z, be the nuclear charge of o8

and writez, = z+1. A parameterized effective central potential is adopted here as the basis for

calculating these wave functions. The central potential is established by defining an effective
screening configuration

nl®n,l,%..nl* suchthalg +qg,+...+q=2- 7. 9.45
The electron in shell is supposed to be screened from the nucleus by the electrons in<shaltsl

partially screened by the other electrons in sheliself. So the effective charge for théh shell
electron is

i-1
Z=7- q—}/ (o[ 9.4.6
,Z 4
The adopted (Slater type) potential is then
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S n, B [
V(r) =%—Zrﬂexp(—aizir/r] )@ZQK r kE 9.4.7

The g, are adjustable parameters chosen so that the one electron wave function satisfies the one
electron Schrodinger equation with potentialr) and the observed eigenenergyand quantum
defecty . In practice, we sef, =cTia with CTi specified so that only the overall scaling paramater

is varied to match the observed quantum defect. The radial integrals are evaluated by numerical
quadratures.

Program steps:

Interactive parameter comments:

The archive selection windowappears first. It is slightly different in
operation than the usual file selection window.

1. The recommended root path for user archiving for ADAS804
analysis is

.../uid/adas/arch804/

which may be edited in the usual manner

2. Click the appropriate button for opening an old archive file,
starting a new archive file or ignoring archiving. In the first case,
the usual file display window shows existing archive files from
which selection may be made. The selected file is displayed in the
selection window. In the second case, the file display window is
the same, but the selection window is editable for entry of a new
archive file nhameRemember to press thereturn key on the
keyboard to record an entered value

3. The capability is given for reworking or re-displaying the results
of an earlier analysis stored in an archive file. Click on the
Refresh from archivebutton. Then give theéArchive index
number The selected data will be used as the default data in the
subsequent processing and output windows. Archiving is strictly
sequential. A new analysis is simply appended at the end of the
archive file and the index updated. These is no data replacement
or substitution.

4. Clicking on theBrowse Inde)button displays the index list for the
selected archive file. The possibility of browsing the index appears
in the subsequent main window also.

5. Clicking theDonebutton moves you forward to the next window.
Clicking theCancelbutton takes you back to the previous window

Theprocessing options windowappearance is shown below

1. An arbitrary title for the run may be set. If an archive is in
use, then its name is given. Also the index of the archive can
be browsed.

2. The nuclear and ionic charges should be specified along with
Zeff, the effective ion charge. Normally, Zeff is set equal to
the ion charge+1.

3. Specify the parent term or level. Note that the code can deal
with LS-coupled terms or levels and with J-resolved parents
in Jp-j coupling. If the parent is a term, leave the Jp field
bank.
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Input archive file

Data Root Ij hows s sumee s adas/ axohidiing/

_/P

- Edit Path Nawme

Archive File

# ogld archive ..new archive .,no archive

1

I~ Refresh from Archive 4— |3

Aeehive Toden Honber. E/

browse :i.nd.exl -::arncell done

I_E_test_adas_hum .dat

test_adas borm.dat

Specify the details of the lower and upper levels of the
transition. For a transition between terms, leave the fields
JT1 and JT2 blank. Note that the number of equivalent
electrons are required for the initial and final shell of the
active electron together with fractional paranetages associated
with the identified parent. The binding energy is the energy
(rydbergs) required to remove the active electron leaving the
residual ion in the identified parent state.

Select required energies at which the collision strength should
be calculated and temperatures at which the Upsilons should
be calculated. The table is editable and there are default
buttons for both the energies and temperatures. The default
values are the standard ADAS sets.

At the present time, only the effective potential Born
calculation is provided. The option for an impact parameter
calculation (of dipole allowed transitions only) will be
provided in the future.

A choice of Slater and Jucys forms for the effective potential
is provided. The current trend of our work is to prefer the
Slate form. At this time only internal (calculation) of
wavefunctions is permitted. The option of reading in
numerical radial wavefunctions may nbe made available at a
later stage. Adjustable (alpha) parameters in the potential
may be varied so that the wavefunction eigenenergy
corresponds to the input energy. There is another option,
whereby the potential parameters are locked and the
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eigenenergy sought. This is a less useful option in the present
context.

8. The potential form is established by specification of a
‘screening configuration’. Typically this is the distribution of
the electrons amongst their various nl-shells in the initial
state, excluding the active electron (that is the parent ion).
Also, initial values of the adjustable parameters may be set.
Usually both are set to 1.0 initially.

Tikls fer |-.||_ | 1
Tnkia Fills leer: Jheee) aeee ey sde s’ srsh BT vl sallan korn dak !rv:'!_!lm;: 4/
Elemaps med fmwe dubs:- Liwsi dewall data. - Wpger hivall dita. - Inargy and Trspscaturs Tahis
I | | | I e e R sl S - s 2 al 3 p.‘-: ;l*i.—r' :-_t e
\%' iy ke ¥ LT 7. i
+] mf s
Lew dhaigs x g s , s - | 3 §  § GibNees 7. iheesis
= [t I=
EFF. ahargs  madd b A amara-a |
Ersaygl il T-parms L
el i L miit Tabile |
Farsak dals: - o
AL |] il |
Lo | i ¥ g el w valnds | \
> : el [ 1 [ | 1 _aifwulh By valway V\
Y | 0 5
= b Emplsc || & TeOE ow imgh |11, EEWEDS
T - [
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- 4
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¥
'
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rdil We\grosrvicg eplises daks sl prews dess o preceed
| oomnel| e
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Theoutput options window appearance is shown below

1. There is a choice of method for examination and display of the results data.
Click either theStandard Plot Optiorof the Burgess Plot Option The
sub-window varies depending on this choice.

2. Graphical display is activated by ti&raphical Outputbutton. This will
cause the graphs to be displayed 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 default, graph scaling is
adjusted to match the required outputs. Pres&xipéicit Scalingbutton to
allow separate explicit minima and maxima for the graph axes of the omega
and Upsilon plots to be inserted.

3. Hard copy is activated by tHenable Hard Copybutton . The File name
box then becomes editable. If the output graphic file already exits and the
Replacebutton has not been activated, a ‘pop-up’ window issues a warning.
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A choice of output graph plotting devices is given in the Device list
window. Clicking on the required device selects it. It appears in the
selection window above the Device list window.

TheText Outpubutton activates writing to a text output file. The file name
may be entered in the editable File name box whett Outputis on. The
default file name ‘paper.txt'may be set by pressing the bubeiault file

name A ‘pop-up’ window issues a warning if the file already exists and the
Replacebutton has not been activated.

Data File Hame: fhomefsummerssadasfavchB0df test adas bon. dat

Browse Index |

-« Standard Plot optiom l

+ BFuxrgess Flot option

e

" Graphical futput

Select Device

Post—script
HE-PCL
HP—GL

IR 2
File Name :

sraph Title |hew title for test Iv?""'t_scﬁpt
T~
Omega graph scalivg 4 Upsilon graph Scal g
Yo o Veming I: Yewmiar o I: Ve o I:
wemiag o I: T o I: weemiag o I: mR I:
I Emable Haxd Copy J Replace

fpraph_ps

Filsn wams o

4 Text mbtput o Bepisos

<\

I Fhones semneras afess are hE847 paper . fxh

cancel

Theoutput graph windows are shown below
1.

The Previousand Next buttons allow switching between the Upsilon
and Omega plotsPrint andPrintall send the graphs to the hard copy
unit. Click Archive to add the complete set of results for the case

analyses to the end of the archive selected on input and assign the next
sequence number to it.

20



E Frwrioms E Frimt| Framgsll .l.rﬂu.'-'l Dacal | Fora

21



ADASS808: Create a composite set of adf34, adf40
and adf41 iso-nuclear driver files

The program uses the IDL graphical user interface to automate preparation of the driver datasets
required for large-scale off-line production ADAS Baseline Atomic Datfor complex atoms.

Drivers for many or all of the ionisation stages of a heavy element may be generated at the one time.
The drivers produced are the input datasets for offline running (usually on massively-parallel
computers) of the codes ADAS801, ADAS407 and ADAS810. Subsequent to ADAS808, the offline
calculations may be executed automaticaaly under the control of a master script with final delivery of
complete data in thADAS data format classeADF04, ADF03, ADF11, ADF15 and ADF40. The

code allows the user to assess and regulate the subsequent size of the offline calculations on the basis
of experimental spectral regions of interest, available machine size and strategies in atomic structure
modelling.

Background theory:

The fundamental part of th®DAS Baseline Atomic Datzonsists of ADF04 files for each ion of an
element, archived in iso-nuclear collections. Each file comprises energy levels and A-values for an
ion computed using Cowan Atomic Structure Code and electron impact Maxwell averaged collision
strengths in the Born approximations. Implementation wi#fi\S is via the code ADAS801. This

code has the Cowan Atomic Structure Code at its core but includes an IDL front end to acquire the
input data (theADF34 driver), and subroutines to organize output in ADAS standard forms (ADF04
files) and nomenclatures. For medium/ heavy element ions, with many electrofsDAIS801
calculations must be performed in intermediate coupling and include many configurations. For such
systems the preparation of configuration lists for Aid#-34 drivers is prohibitively tedious and the
calculations are massive. Automated handling followed by offline execution on massively parallel
machines is essential. KDAS, the autmated, high throughput is achieved by firstly sophisticated
interactive set-up of the ADF34 drivers. ADAS808ifldfthis latter purpose.

The completeADAS Baseline Atomic Datimcludes also various derived data classes. In simple
systems, these other data are generated by interactive execution of thARAGKD7, ADAS408

and ADAS208. For medium/heavy element systems, it is convenient to use ADAS808 to set up
additional drivers so that these codes also may be executed automatically offline. Finally, the
complexity of heavy element emission, means in practice that spectral analysis must often be carried
out on unresolved or only partially resolved transition array features rather than on individual
spectrum lines. In ADAS, a new derived qtign called a feature photon emissivity coefficient,

F PEE , is introduced (analogous to the emissivity coefficiel€ ) is intrdoduced to describe

these envelope features. The associated cABéS810, calclates such# FE€'s and it is

convenient for ADAS808 to prepare the drivers for offline execution of ADAS810 also. Following
interactive execution of ADAS80&l|l subsequent calculations and assembly of the compl@es
Baseline Atomic Dataare achieved by launching an integratelRL script to the target high
performance parallel computer system. No further user intervention is required.

Configuration definition The set of working configuration for the atomic structure calculation is

obtained by an electron promotional strategy starting from the ground configuration
m

M, =nl*nl,®..ng | " whereq; >0 fori =1,..mand y ¢, =N

&=
For complex systems, there may be empty inner shells and multiple open shells. Elements up to
uranium are within the scope of ADAS808. The ground cordigpms for every ion of every element
up to uranium are provided in the ADASatd format for general constant&DFO0 as
/...ladas/adas/adf00/ground_configs/<element symbol>.dat equivalent data set provides both the
ground configurations and the ionisation potentialé. a&das/adas/adf00/ground_ionpots/<element
symbol>.dat It is helpful to maintain a consistent pattern for configurations. ADAS two
conventions are use, namely tBtandard formand Eissner form Standard formrepresents each
shell with three characters with a space separating shells in the whole configuration as ‘ 1s2 2s2 2p1’
representing f852p'. For certain calculations, principal quantum numbers greater than 9 may be
required and for complex element ion, shell occupancies greater than 9 also may occur. To maintain
the three character shell notation, the integers beyond nine are represented alphabetically, #hat is 10

22



‘a’, 11 = ‘b’ etc. Thus inStandard form2p® 6f'* 11¢ is represented by * 2p6 6fb bs1’. Hissner

form, each orbital, starting from 1s is indexed. The index is an integer up to 9, but continues through
the upper case alphabet and then through the lower case alphabet. FHlsp=2’, 4f =‘A’. A

portion of the conversion table is

Orbital 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f

Eissner 1 2 3 4 5 6 7 8 9 A
Orbital 5s 5p 5d 5f 5g 6s 6p 6d 6f 69
Eissner B C D E F G H | J K

The shell occupancy is represented as a two digit integer as 50+q and this precedes the shell index
character. Thus again the shell is represented by a three character field but is written with no
separation between the fields in the whole configuration. Thi&&ssner form 1 25 2p° 6g- is
represented by ‘52152256361K’. ADAS works freely with botliations and subroutines in the

ADAS library transform from one to the otheEissner formis the preferred form in ADAS series 7

codes since structure calculations there useAtitestructurecode. Standard form is the preferred

form in ADAS series 8 codes since structure daltons there use th€owan/O’Mullane code.

Eissner forms the most compact and is generally adopted with very complex configurations.

A promotional strategy Consider a group of ion%»zfz 1 Z2=12Z } of the element<Z .

A set of configurations targetted on a structure calculation is established by promoting electrons from
the ground configurations of the ions. The criteria for promotion are shell-based and not set up ion by
ion - rather they are for the group of ions of the element. For complex ions, it is possible to have
ground configurations with more than one partially filled shell, which are called valence shells. By
reviewing the ground configurations of the ion group, a list of single valence shells present is
identified - likewise for double valence shells and in principal on to triple valence shells. The
promotional strategy depends on whether there is a single or double valence shell. At this time,
ADASS808 has no strategy for triple and higher valence shells.

min? 7Zmax

1. In the single valence shell case, we progress through each of the identified valence shell
orbitals in turn. Consider valence orbitl,lv. Distinguish promotions upward in

principal quantum number, that is tal shells such thatAhn=n-n, >0 from
promotions downward (in normal shell ordering) witkn <0. Principal quantum
shell promotions are determined by the permitted maxirflhhh and by the sign of the

promotion. The negative case allows promotions to empty inner shells to be treated. In
similar manner, promotions are ranked according to the maxirizﬁlqtnallowed with

positive and negativé)l handled separately. Note that the valence shells treated in
this manner are partially filled. Promotions from inner closed shells excluding the
valence shell, which may generate many less important configurations, are preferably
restricted by setting the lowest n-shell from which the promotion can occur and the
highest n-shell to which the promotion can take place. Again it is single electron
promotion which is done. Finally, it is a usual policy in accurate energy level
calculations to include all the configurations of a complex if one of the configurations of
the complex is present. Such a policy can generate large numbers of configurations in
the complex ion case. It is helpful to decide if whole complexes associated with the
single electron promotion configurations are to be included.

2. A similar procedure may be applied in the two valence shellcase but with the
permissions for each electron specified separately.

Configuration partitioning For complex ions, the number of configurations which satisfy even quite
restricted promotional rules can be large. Also, since these configurations often include more than
one unfilled shell, the level count for each configuration can be very large. Mechanisms beyond the
basic promotional rules are required to restrict the total level set to match available computer power.
In ADAS808, a second mechanism is introduced based on aliseral spectral regions of interest.

The principle is straightforward. Consider a spectral region of int¢rdstA; ] , which may be the
range of a particular spectrometer or an interval of special diagnostic value. For configukations
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and J, introduce the configuration average enerdﬁ(sav) and Ega"), the transition array average

(av) — pe(av) _ g(av) (av) — (av) _ e(av)
energy AE;" = E;j E, and wavelength Aj; —hC/|EJ E, ap—y

Configurations such that the transition wavelengtj"”’ O[ Ay.A,] should be handled at high
resolution, that islevel resolved while configurations such that the transition wavelength
A2 O Ay,A;] may be handled at low resolution, that@mfiguration average In general, there

may be a set of wavelength intervals of interest and from the total number of configurbljonis,
partitioned into théevel resolvedset, numberingj\lCR , and the configuration average set, numbering

Nc, . such thatNe =Ng_+ N¢ . A further constraint may be imposed by setting a lower limit
for transition probabilities, thereby excluding very weak lines. At the configuration average level, this

2
means a lower Iimit@nﬁ(nav) on the reduced dipole matrix elemean,||@||J>‘ for the transition
arrays. A preliminary stage of the Cowan structure code package generates configuration average
energies and reduced dipole matrix elements. This stage is rapid and makes low demands on
computer resources. It is convenient therefore to provig@naition array spectrundisplay so that

the definition of wavelength regions of interest can be done directly in interaction with the display.
Immediate information is returned to the user on resolved level counts and on resolved and unresolved
configuration counts, so that the size of the subsequent full structure computations may be assessed
and regulated. Théansition array spectrumin which the ordinates are reduced dipole matrix
elements provides a relatively crude picture. Transition arrays between excited configurations are on
the same footing as those involving the ground configuration. There is no real population
information. It is to be noted however that the first stage of the Cowan code package also returns the
reduced Born matrix elements. Thus a configuration average population calculation and emissivity
production is possible without significant additional computational overhead. The configuration
average transition array emissivity coefficients for an ion provides a more realistic footing. On the
other hand, at this first stage of structure calculation, no basis for relative weighting of transition
array emission functions from different ionisation stages is available. Due to the sensitivity of the
spectrum and dominant ionisation stage to electron temperature, a constraint based on temperature is
unsound at this point of the data generation exercise. Equal weighting of ionisation stages
abundances is the most appropriate choicADAS808 presents either a reduced dipole or
configuration average emissivitsansition array spectrunto the user. These details are described in
detail below.

Envelope features An envelope feature photon emissivity coefficient, denotedby#E'€ , is

defined on a wavelength interval and is a composite feature arising from very many lines from a
single ionisation stage. Th& ZE€ is suitable as a descriptor in wavelength intervals and at

spectral resolutions where the individual component lines are unresolved or only partly resolved. This
situation occurs with very complex heavy element ions for which it becomes helpful and economical
to handle the envelope feature rather than the individual line emissivity coeffici#4t€ ). The
primary use ofADAS808 is to set up caltations for very heavy species and so the wavelength

intervals such ag A,,A, ] above, introduced as a focus for titaaning configurations, are identified

as the spectral intervals over which the envelope features are sought. ADAS808 therefore provides
drivers also for theZ FE€ calculations — se@RDAS810 for more dails.

Program steps:

Interactive parameter comments:

Theinput window is as shown below

1. Enter the element symbol. Note that the element symbol and nuclear
charge number boxes are linked so if one of them is changed, the other is
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automatically updated. Also, set the minimum and maximum ion charges,
noting that the last ion of an element in this context is the hydrogen-like

stage withz = z, —1 where z, is the nuclear charge.

Three sets of electron temperatures must be specified. These temperatures
are passed through to the final drivers and ultimately are the temperatures
used in the ADF04 , AD11 and ADF15 files. Thnput temperatures are
usually theADF standard reduced temperatures. Note that the temperature
set is editable and a user’s units of choice may be selected.

A pathway to ionisation potentials for all elements and their ions is
required. These data include the ground configurations and are provided in
the Central ADAS archivépackages/adas/adas/adfQ0/

Nuclear charge:

f ——
| Elonent sunboli—P u 3
Minimum ion charges 0

|?uzugsfadas/adrow

Central @ <\

Maximum ion charge: ?3 \

ADF04 Temperatures Mﬂ;ﬁ;art{res ADF15 Temperatures

INDEX Electron Input INDEX Electron Input = Electron Input =
1 2.000E+02 1 2. D0D0DE+D2 J 2_D00E+02 J

2 L.0D00E+D2 2 5. 0D0E+D2 5.0D0E+D2

3 1.000E+0D3 3 1.000E+D3 1.D00E+D3

4 2.000E+03 4 2.000E+D3 2_D00E+03

5 5.000E+03 5 5. D0DE+D3 5. D0OE+03
6 1.000E+04 : 6 1.000E+04 : 1.000E+04 :

T = El = El =
Terperature Units: Reduced |_§_’l‘enperature Units: Reduced |_§_Tenperature Units: Reduced

Edit Table | Edit Table | Edit Table |
Default Temperatures | Default Temperatures | Default Temperatures |

Edit the processing options data and press Done to proceed

m| cancel | Done|

4.

TheBrowse Commentsutton has no effect at this time. Clicking bene
button moves you forward to the next window. Clicking @encelbutton
takes you back to the previous window.

Theprocessing — configuration generator windows shown below:

1.

The processing window has three separate modes of operation which may
be selected. II€onfiguration Generatomode, the window appearance is

as shown below. This mode must be completed before the other modes are
meaningful and is described below.

The sub-window on the left permits the setting up of a promotional strategy
for configuration generatior¥ou must note that this strategy applies to
simultaneously to all ions selected on thénput window. Single and
double valence shell cases are chosen as required and the fields which are
presented depends on that selection. The one valence shell case is
illustrated below.

The valence shells are listed. Clicking on a member of the list causes it to
appear in the selection widget. Then the choices made on the left at 4
apply to that valence electron.
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4. Make the preferred choices, then click on 8t Default Configurations

Button. Doneis appended to the chosen valence shell in the list widget.
Work through each shell in the list. Note that a shell may be reworked
simply by reselecting it.

(5] e s 1

5. In like manner select thEwo open shebutton and then work through the
two valence shell list.

6. When the promotional strategy is complete, enter an ion charge from the
selected range in the text box . The set of default configurations for that
ion is presented in the table together with the number of levels, which
would result from that configuration. The table is editable to add further
configurations which are not entered by the promotional strategy.

PRI
/ﬂvnwu— frergtor o Leal (o o Dof imrwion Selectimn 9
= : T
)ﬁ'"“"“-l ‘-‘“““"""‘7 5 Selacr il Hl.-lﬂl.lll. b ol T i | 1
bk = Skt Gebival —
/ ks |._ IT [ felet @10 Begrimet J
/ ! e
P, I Lo —_—
/|/'_ Veaca sl 1 8 joni i ===
3 2 [har in e 2 —a ||
| 6
s b s Ap/u/
1w e — 4=
Proscis ros imer thelle? - Tm *m 5TF ror
bt i el | ———{ | S T—
[TTEFRTTy SRR rr—e | | I
7
corfimrvsiors To wlechnl arbital 8 3] Ib == 1
Fawmore Dadn ]t Cond iournsd bl B Lin |
Hasbwr ol i |'“I':I'Il ‘

Hasber of lsala for mhecisd cosfi |'t|

Edit tha processisg oplions date ssd prass Tome Lo procssad

~

The total level count for the ion is shown.

It is now possible to select configurations to be treatedesslved by
activating the right-most buttons. The number of levels irrd¢kelvedset

of configurations is displayed in the lower box .

There are two sets &felect AllandDeselect Allbuttons which apply to the
right-most button selectors. The upper pair apply to the lists for every ion
in the whole ion range simultaneously. The lower pair apply only to the
currently displayed ion.

10. Additional strategies for inner shell promotion are in development and are

subject to changén the present ‘beta’ version, this button is omitted

Theprocessing - configuration selectionvindow is shown below

1.

Clicking the Configuration Selectiorbutton presents the window shown
below, in which the sub-window on the left is now used to show a a stick
spectrum of the various transition arrays.
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2. Clicking the Calculate Survey Spectrubutton spawns the calculation of
the first stage of the Cowan code to obtain theessary parameters. The
calculation may take a few minutes, but then all information is available
the stick plot is displayed. Any further selections operate rapidly.

3. The stick plot shows the transition arrays for every ion in the group.
Transition arrays for the ion selected at the right are marked with sticks in
a contrasting colour.

4. The wavelength range of the stick plot may be altered and logarithmic or
linear axes chosen.

5. The plot area is active. The mouse may be used to delimit rectangular
areas which are the spectral intervals of special interest. The base of the
rectangle set a minimum value of the reduced dipole matrix element for
transition array configurations to be included in thsolvedset.

6. To mark a rectangle, first activate a square row button on the left of a row
of the spectral ranges sub-window, so that it is displayed and the button on
the right to make the row active for editing. Drag out a horizontal line on
the plot area using the right mouse button and release. The rectangle may
be stretched by catching an edge and dragging with the left mouse button.

The selections, A, 1A &2y ) @re shown in the boxes.

7. The left hand button of a spectral range row defines configurations which
contribute to lines in that range as requiring level resolution on the
configuration list and that configuration is marked its button indicator
light. The selected configurations count is updated accordingly.
Remember to reselect an ion at 3. to update the configuration list sub-
window display after each alteration.

Theprocessing — level counvindow is shown below
1. Clicking theLevel Countbutton presents the window shown below. The
sub-window to the left displays a count summary plot.
2. Display of configuration counts and level counts for each ion in the selected
ion range may be chosen. Note that the Total Levels and Total
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Configurations may be shown prior to the calculating the survey spectrum.
Selected Levels and Selected Configurations require the survey spectrum to
be calculated first.

3. The graph display scales may be adjusted.

4. Note the summary information

Theoutput options window is as shown below

1. TheText Outputbutton activates writing to a text output file. The file name
may be entered in the editable File name box whext Outputis on. The
default file name ‘paper.txt’ may be set by pressing the bubtefault file
name A ‘pop-up’ window issues a warning if the file already exists and the
Replacebutton has not been activated.

2. The primary output is to aadf34 sub-directory which can be entered and/or
selected.
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OUTPUT QFTIOMNS

Fila

_| Text Output | Heplaos Defsulil Fille Hame

» ADF34 Directory _|Replace Default File Hame

yme/' |_§;u;uqs;adas;adf34

Honnes ! |

‘ Cancel‘ Done‘

Table 9.08a

Table 9.08b

Table 9.08c

Table 9.08d

lllustration:
w_7_adf34.dat

2-5 2 1010 5.d-09 5.d-11-2 0130 1.00.65 0.0 0.5
74 8 w 4f135s2 0 4f13 552 5p6
74 8 w 4f135s2 3 4f13 5s2 5p5 6pl
74 8 w 4f125s2 7 4f12 552 5p6 6pl
74 8 w4fl35s2 4f13 552 5p5 6s1
74 8 w4fl2 5s2 4f12 552 5p6 6s1
74 8 w 4f13 5s2 4f13 5s2 5p5 5d1
74 8 w 4f13 5s2 4f13 5s2 5p5 6d1
74 8 w412 5s2 4f12 5s2 5p6 5d1
74 8 w4fl2 5s2 4f12 552 5p6 6d1
-1
w_7_inst.dat

z0 74

zi7

parity-1 3

parity-2 6

E2 3

M13

scale 93 99 93 93 93

temperature 25

2.00000E+02 5.00000E+02 1.00000E+03 2.00000E+03 5.00000E+03
1.00000E+04 2.00000E+04 5.00000E+04

1.00000E+05 2.00000E+05 5.00000E+05 1.00000E+06 2.00000E+06
2.20000E+06 2.20000E+06 2.20000E+06

2.20000E+06 2.20000E+06 2.20000E+06 2.20000E+06 2.20000E+06
2.20000E+06 2.20000E+06 2.20000E+06

2.20000E+06

w_7_pp.dat

1
Allan Whiteford
15/12/79
1
C Comments are for losers!
&FILES ifgfile = "./ifg#w_7_adf34.dat', outfile = './w_7_adf04.dat'
&END
&OPTIONS ip = 1134988.8, coupling ='IC', aval ='YES',
isonuclear = 'NO', lweight = 'NO', comments = 2, numtemp = 14, &END
1234567891011121314

w_7_pec_drv.dat

w+9 74 10 1475969.1

Jw_9_adf04.dat # input adfo4 file
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Jw_9 adfll.dat
Jw_9_adfl5.dat

Jw_9_adf40.dat

# output plt file

# output pec file

# output f_pec file

Imetr = false # true to resolve
metastables
Itscl = true # true for z-scaled
temperatures
Idscl = false # true for z-scaled
densiities
Ibrdi = true # true for ion temp.
broadening

13 # no. of temperatures
2.000E+02 5.000E+02 1.000E+03 2.000E+03 # temperatures (K)

5.000E+03 1.000E+04 2.000E+04 5.000E+04
1.000E+05 2.000E+05 5.000E+05 1.000E+06

2.000E+06
5 # no. of densities
1.000E+11 1.000E+12 1.000E+13 1.000E+14 # densities (cm-3)
1.000E+15
2 # no. of wavelength
intervals
128 2.759e+01 2.112e+03 # pixel no.,wvmin,wvmax
triplets
128 5.890e-01 2.242e+00 (wavelenths in Angstrom)
Notes:

ADAS809: Non-Maxwellian modelling - change
adfo4 file type

The program converts an ADF04 — type 1 file to a standard ADF04 — type 3 file. That is an ADF04
file with collision strength data is converted to ADF04 file with Maxwell averaged collision
strengths.

Background theory:

The tabulation of the electron impact excitation and ionisation data AD&@4 — type 1 file is of
collision strengthQ versus threshold parametet . X =¢; /AE"- where AE; is the energy of

the transitioni — | and &, is the incident electron energy with the target in the lower energy state

i. At the finest energy resolution, collision strengths display detailed resonance structure. It is
assumed that the tabulated collisions strengths il\Bfe04 — type 1 file are smoothly varying, that
is they have been subject to some averaging over resonant structure. It is evident that if the ‘width’ of

the averaging interval above IAE . ., then the generation of Maxwell averaged collision
strengths at temperatur, is meaningful only ifkT, >> AE . .. The numerical quadrature

procedure takes account of dipole, non-dipole and spin change forms for excitation. The behaviours
for transitioni — | are as

dipole Q

n

i F3§|Og( X+ F)
non-dipole Q; = E+ F/ X 9.9.1

spinchange Q; = F( % B2
whereF, and F; are constants. In the dipole case, asymptotidajly 4;. Sj is theline strength

n

for the transition. For ionisation, the dipole form withS; replaced by the single constaht’ is
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appropriate. For electron impact excitation of ions, the collision strength tends to a finite value at
threshold. In contrast, for neutral atom excitation and ionisation, the collision strength tends to zero
at theshold, with the threshold behaviddr~ aX“. Usuallya =1/ 2 for neutral atom excitation

and a ~1 for ionisation of both atoms and ions.

For the tabulatio{( X, ,Q, ): k=1,...n}, the quadrature

Y; :}Qij (¢, )exp(-¢ /KT )d(; /KT ) 9.9.2

is expressed as
Y; =(AE; /KT, )exp(AE; /KT,)

}Qij ( X )exp[- X(AE; /KT, ))] dX 592

X 0

xl n
and the integral divided into the rangfs , J and J . The asymptotic behaviours extrapolating
l n

1
from the first and last two tabular points are used in the evaluation of the first and last integrals
respectively. The second integral is evaluated piece-wise in each tabular interval with the integrand

locally fitted to a quadratic in either a linear scale @=c¢c, +¢c, X +C, X %) or logarithmic scale
1 2 3

picture (ie.INQ =c¢, +c,InX +c,InX?).

Quadrature precision is checked from the exact integrals of the approximate forms, namely,
dipole: Y, =F,S, [In(1+F,)+EEI(1+F,)AE, /KT,)]

non-dipole:Y; = F, + F,(AE; / KT, )EEI(AE; /KT,) 9.

) F,(AE; /KT,)
spinchange Y; = ———————EE2((1+ F, )AE; / kT,)
2
9.3
where EEI(X) = exp(x)E (X) and EE2(X) = exp(X)E (X) with E, and E, the first and
second exponential integrals. A further verification on the quadratures is from the exact integrals for
Q =constant,Q = X —=1 and Q =( X —1)? which are exact for the quadratic fit, linear scale

option.

The program has a capability for comparison and display. In addition to theADpO4 — type 1

file for conversion, it can accept a second ADF04 — type 3 file. The temperature set for output is
copied from the latter reference file. Additionally, the collision data for a selected single transition
may be graphed along with the corresponding data from the reference file if it exists. The usual
display and output routing facilities are provided.

Program steps:

Interactive parameter comments:

Remember to ensure you have a defaults directory allocated. This should have the pathway
/....luidladas/defaults
whereuid is your user identifier. The defaults directory records the parameters you set the last time
you ran each ADAS code. Move to the directory in which you wish any ADAS created files to appear.
These include the output text file produced after executing any ADAS progaper(txt is the
default) and the graphic file if saved (eggaph.ps if a postscript file). InitiatétADAS, move to the
series 2 menu and click on the first button to activate ADAS201.
Thefile selection windowhas the appearance shown below
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. Selection of two adf04 files is permitted. The first selected in the upper
sub-window is ofadf04 — typeland is mandatory. The second optional
file, selected in the lower sub-window is of adfO4-type3. It provides a
temperature grid for the conversion. Selection ofaflf@4files follows

the standard ADAS.

. Data root shows the full pathway to the appropriatfO4 data
subdirectories. Click th€entral Data button to insert the default
central ADAS pathway to the correcatd type. Click thdJser Data
button to insert the pathway to your own data. Note that your data must
be held in a similar file structure to centr@DAS, but with your
identifier replacing the firshdas,to use this facility. The Data root can

be edited directly. Click th&dit Path Namebutton first to permit
editing.

. Available sub-directories are shown in the large file display window.
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 windovbave the file display window. Then its
sub-directories in turn are displayed in the file display window.
Ultimately the individual datafiles are presented for selection. Datafiles
all have the terminatiordat

. Once theadfO4files are selected, the set of buttons at the bottom of the
main window become active. Clicking on tBmwse Commentsutton
displays the comment line information stored with ddéd4 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.
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Input ADF04 - type 1 file

Data Root L?ﬁiﬁkﬁ{ﬁummarafa&asf&ﬁ§8$f

Central Data|User Data| _|Edit Path Hame

V\

l%elikejhelike_hpsOQhe_tl_cropped.dat

hel ike hps02he oppe
hel ike hpsl02he.dat
helike kwih97he.dat

”Data File helike_hps02he_t1.dat J

1\

Browse Commentsl

Select ADF04 - type 3 file for compariscon

Data Root ‘?ﬁi$k3 i Tf g e s 4

Central Data|User Data| _|Edit Path Hame

>‘ l@elikejhelike_hp5102he.dat

helike hps02he tl.dat Al
Data File helike hps02he t1 cropped.dat J

helike hpsl02he.dat

helike_kwih97he. dat
helike_kwil97he. dat

Browse Commentsl

Theprocessing options windowhas the appearance shown below:
1. An arbitrary title may be given for the case being processed. For
information the full pathway to the dataset being analysed is also shown.
The buttonBrowse commentsgain allows display of the information field
section at the foot of the selected dataset, if it exists. A summary of the
number of electronic transitions and energy levels is also given.

2. Transitions for which electron impact excitation 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 just above the line list display window. This single
transition will displayed.

3. The output rate coefficient for the selected transition may be fitted with a
polynomial. This is as a function of temperature. Clicking Hite
Polynomialbutton 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 Polynomialbutton is active.
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NG OPTIONS

Title for Run |

——-Ba‘trrile Hame: /disk3/summers/adas/adf04/hel ikefhelike _hps02he t1 cropped.dat

Browse Comments

Humber of Electron Impact Transitions : 171
Humber of Index Energy levels : 19

‘Po 1

ynomial Fitting

i Fit Polynomial value % : |1 5

4« |3
Select Specific Electron Impact Transition

TRANSITION &~ ——— LOVER LEVEL ——— = ——— UPPER LEVEL ————

INDEX INDEX DESIGNATION INDEX DESIGNATION

1 1 1s2 (1)5¢ 0.0) 2 1s2s {215( 1.0)

1 1 1s2 (135( 0.0 2 1s2s (335( 1.0}

2 1 1s2 {135( 0.0 3 1s2%s (135( 0.0}

3 1 1s2 {1)s{ 0.0} 4 1s2p (3)P{ 4.0}

4 1 1s2 (1)s{ 0.0 5 1s2p (13p¢{ 1.0}

5 1 1s2 (135 0.0 6 1s3s (335( 1.0}

%utput Electron

Select Temperatures for output file El

Temperatures

INDEX  Output Input
1 L.820E+03 5.820E+D3
2 7.320E+03  7.320E+03
3 9.220E+03  9.220E+03
4 1.160E+04 1.160E+04
£
Temperature Units: Kelwin 4
Edit Table |

Default Temperature ‘U’alues/[

\

Cancel M

4.

To obtain an outpuadf04-typeJile output temperatures must be selected.
If a comparativeadfO4-type3file was selected, the Input temperatures are
taken from that file. Otherwise temperatures from the Defaults file are
used. Pressing tHeefault Temperature valudsitton inserts a default set

of temperatures equal to the input temperatures

The Temperature Values are editable. Click orAtli¢ Tablebutton if you
wish to change the values. A ‘drop-down’ window, the ADAS Table
Editor window: It follows the same pattern of operation as described in
bulletin.

Theoutput options window is as shown below

1.

As in the previous window, the full pathway to the file being analysed is
shown for information. Also thBrowse commentsutton is available.
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Data File Hame: fdisk3/summers/adas/adf04/helike/helike hps02he t1 cropped.dat

OUTPUT OPTIONS

Browse Comments |

W Graphical oOutput

Select Dewice

Graph Title |/

Post-Script

N
Explicit Scali HP-PCL
-/ Explici cating el R HP -1,
Fonpin Yy
W Enable Hard Copy _| Replace
. — | 3
File Hame : |adas809_graph.ps /

v

|_— File Hame :

W Text Output |Replace Default File Hame

|_§paper. txt

File Hame :

== 4

W adf04 File |Replace |Default File Hame

_E__.’home/ summers/adas/pass/adasB09_adfo04.pa

H.B. Only when you exit ADASGO09 will adf04 output be sent to this file

Cancel M

2.

Graphical display is activated by ti@&raphical Outputbutton. This will
cause a graph to be displayed 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 default, graph scaling is adjusted
to match the required outputs. PressEhplicit Scalingbutton to allow
explicit minima and maxima for the graph axes to be inserted. Activating
this button makes the minimum and maximum boxes editable.

Hard copy is activated by thenable Hard Copybutton. The File hame

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

The Text Outputbutton activates writing to a text output file. The file
name may be entered in the editable File name box WeenOutpuis on.

The default file name ‘paper.txt’ may be set by pressing the bDidault

file name A ‘pop-up’ window issues a warning if the file already exists
and theReplacebutton has not been activated.

Theadf04 Filebutton activates writing of the full configured adf04-type 3
dataset to an output file. The file name may be entered in the editable File
name box. The default file name ‘.../pass/adas809 adf04.pass’ may be set
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by pressing the buttobefault file name A ‘pop-up’ window issues a
warning if the file already exists and tliReplacebutton has not been
activated.

The graph is displayed in a followirgraphical Output window.

= ADASETD CRAPHICAL CUTFUT r

ADASS810: Generate envelope feature photon
emissivity coefficient

The program calculates envelope feature emissivities ofAlg#el0 for an ion of a complex element.

The program is a foreground, interactive, version of the mass production, parallised background code
ADASS810_offline. The interactive version is designed for restricted sample testing and result display
prior to large scale excution. It requires the same driver data file types as the offline version, but
allows the user to modify some driver parameters. The interactive code can initiate the background
code although the usual practice is for launchAGFAS810 offline from the cmmand line,
independently of IDL-ADAS, via a PERL script [SHOTES: below]

Background theory:
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An envelope feature photon emissivity coefficient, denoted/y&'€ , is defined on a wavelength

interval and is a composite feature arising from very many lines from a single ionisation stage. The
I PEE is suitable as a descriptor in wavelength intervals and at spectral resolutions where the
individual component lines are unresolved or only partly resolved. This situation occurs with very
complex heavy element ions for which it becomes helpful and economical to handle the envelope
feature rather than the individual line emissivity coefficien#&5 s). Following Chap 3.8, the
emissivity of an individual line is specified as

M MZ+1
—_ (exc) (rec) +
glﬂk _A]‘}k(zg@?ja NENO' + Zco/-?ju' NeNu')' 9.10.1
o=l U=l
This allows specification of thexcitationphoton emissivity coefficient
(exc) — (exc)
e@(g)@o.'jﬂk _A]ﬂkgfja 9.10.2
and therecombinatiorphoton emissivity coefficient
264,50, = A T 5. 9.10.3

There are similar coefficients, namely, tblearge exchang@hoton emissivity coefficient and the
ionisationphoton emissivity coefficient, which are of less relevance here. Each of these coefficients is

associated with a particular metastabl®r U’ of the X **, or X ions respectively.

Consider a spectral interval, [A;,A;], subdivided into N, intervals as

(DAY =[ A, +i(A, = A,)/ N A +(1 +1)(A, = A; )/ N, 1:1=0,..,N,, —1}Also
suppose that thg — K spectrum line has a normalised emission prafile (A ). In general,

such a profile is a convolution of Doppler and instrumental functions. Then the envelope feature

photon emissivity coefficient vector is defined as
)‘i+l

T 766,77 = 5 7€, J ¢, . (A)dA 9.10.4
k :

i
A 0r04]

/\jﬂk is the natural wavelength of thg — K spectrum line. The default broadening assumed is

Doppler with a Maxwellian distribution for the emitting ion at temperatukg,, equal to the

electron temperaturel,, used in the collisional-radiative modelling of t#£# s. This consitutes

a minimum broadening. The integral in equation 9.10.4 is then expressible in terms of error
functions as

T 766,77 = ¥ 26,70 Herfd(A - A, )0)
j K
J\jakm,\ilovll 9.10.5
—erf(A, —A; )/ o)}
/2
T m
whereg = A; a2 A% 0 and m, is the emitting ion mass.
H mX m

In actual spectral analysis involving complex heavy species, individual strong spectrum lines may be
distinguishable from the envelope. It is therefore appropriate to archive a restricted number of the
strongest individualZ&€ s and these can be identified and ordered as processing fof &€ s

takes place. Again, while passing through the complete set of radiative transitions for assignment to
excitation F Z£€* s | the line radiative power coefficient for the ioR”’, can be totalled.

This total line power coefficient (archived in the data cleid&11, subcategory?#7 ), which is the
part driven by excitation for the ground or metastable levels of the ion, is a more precise estimate that
than computed by the code ADAS408 and so is a preferretitstéofor that data. For application to

actual measurements of total radiation emission, it is normategsary to calculat@L(TZ) as
modified by appropriate soft x-ray and /or bolometer filter transmission functions. Such modification

can not be done retrospectively on the unfilteaﬁf). In contrast, theZ Z&@* is suited to
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further processing which can include imposition of spectrometer instrument functions as well as
filtering and integration over extended wavelength regions. Such additional operatighs&Sf€ s

are treated as separate from ADAS810 and are handled in a new @tierragde for# FEE s,

ADAS510, complementing ADAS503. Note that pregeon of filters is provided by the codes
ADAS414 and ADASA415. It is also assumed that this is the route for ptiEwaof higher precision

filtered P,_(Tz)s and requires the initial creation of approprigie Z£¥€ s via the present ADAS810
code.

In like manner,e@@@@(rec)s can be produced, provided the input d&tBR04) supports this. Note
that for ease and consistency in modelling, the same spectral intervals apply to both the

F PEB ™) s and the?6€ " s and to each of the metastable drivers — if more than one. Also,

the selection of the strong individu&£€ s is determined from the whole ground excitation driven
set and the selected set is then used for all other metastable drivers and for recombination. The rank
ordering of individual#£€ s is from the maximum of eaclPE€ viewed as a tabular function of

T, and N,.
Note finally that F H#AE€ s are tabulated as a function of selected wavelength range, wavelength

interval bin, T, and N, with T, =T,.

Program steps:

It is noted again that the code is designed to allow single ion testig§ &€ production. The

primary intent is nonetheless mass production and so the interactivAaRA&310 makes use of the

driver data sets and file naming conventions of the mass production codes. TADASHLO is in
essence a variant of the population cAdB\S208, as well as direct selection of an ADF04 file, the
data set selected on the INPUT screen may be a driver data. The driver files for this application are of
format ADF42. The relevant pathway i&../adas/adf42/iso_nucl/<element>/ The primary
parameter settings for operationAddAS810 are cotained in the driver, which must be copied to the
equivalent user area and edited directly to modify operation. The driver structure is shown in the
illustration below.

Note the various file pathways (lines 2-4) which include the input ADFO04 file and then the output
PET , PEC€ and F FPEE files. In interactive operatioDAS810allows re-specification of

some parameters such as wavelength intervals, temperatures etc. (on the processing screen and of
output file routing (on the output screen) ) overiding the adf42 driver file. All other parameters are
predetermined or set in the driver file. Note the use of namelists where possible in the driver file
structure

&FILES
dsn04 ='/home/adas/adas/adfO4/adas#6/mom97_Is#c2.dat',
dsn18 ='NULL',
dsn35 ='NULL/,
dsnl5 ='test adfl5 pec.dat',
dsn40 ='test adf40_fpec.dat',

dsnll ='test adfll plt.dat,
dsnlif ='test_adfll plt_filter.dat'
&END

&ION
element ='C',
z0 =6,

&META
nmet =1,
imetr(1) =1

&END

&PROCESS
liosel = .FALSE.,
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Irsel = .FALSE.,
lisel =.FALSE.,

se| =.EA Y
|B§E = Eﬂtgg
zeff =0.0

&END

&OUTPUT
Imetr = .FALSE.,
Itscl =.FALSE.,
ldscl =.FALSE.,
Ibrdi = .FALSE.,
numte =5,
numtion = 0,
numth =0,
numdens =5,
numdion = 0,
numwvl =3

&END

1.800e+04 4.500e+04 9.000e+04 1.800e+05 4.500e+05
1.000E+11 1.000E+12 1.000E+13 1.000E+14 1.000E+15
64 1.500e+00 3.00e+00

32 1.000e+01 1.00e+02
32 4.500e+02 8.00e+02

Interactive parameter comments:

Thefile selection windowis as shown below

5.

Two primary files are required, namely an adf04 for the ion whose spectral
line and envelope emissivities are required, and a driver file of format
adf42. The latter is optional and provides conditions of electron
temperature and density, spectral ranges etc. This driver file maintains
compatibility of operation of the interactivedDAS810 with the autmatic
offline mass production codes. Data from the driver fills the editable fields
in on the following Processing window. Otherwise they mauts be edited in.
Note that each type of data is stored according t&MAS data format

(adf number). adf42 is the appropriate format for use by the program
ADASS810. Your personalada of this type should be held in a similar file
structure to central ADAS, but with your identifier replacing the idds.
Available sub-directories are shown in the large file display window.
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 above the file display window. Then the individual
datafiles are presented for selection. Datafiles all have the termination
.dat

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

Clicking on theBrowse Commentisutton 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 théDone button moves you forward to the next
window. Clicking theCancel button takes you back to the previous
window.

10. An extra buttonExpansion and filter fileds present. Click it to pop-up a

supplementary file selection window shown below. These supplementary
files may be included, if available, to extend the population and emissivity
calculation, paralleling the selections availabl&DAS208.
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# Standard file (adf04)| .- Driver File {adf42)

)

Specific Ton File Details:-

Data Root I ¥ homes semmeras alens sE5e-4r

cemtral ]]atal Tser ]]atal <4 Edit path Kame

helike/helike hpsl0Zhe.dat

helike hps0Zhe_tl1 cropped. dat
helike hps0Zhe_ti1.dat
helike hp=1l0Zhe. dat

Data File

6
| P
Mific 1om and {optional) expansion file ni'n}s/
I
Browvse [:mmentsl Cancel ]]nnel Expansion and filter files.. |

11. On the upper sub-window, an expansion file may be selected. This is the
same expansion file as used by ADAS208 and is drawn from the cross-
referencing file subclassdf18/al7_p208

12. On the lower sub-window, a filter file of formaidf35 may be selected.
ADASS810 provides t@l radiative power and filtered power as well as the
line and envelope emisisvities.
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yzﬂﬂ{ I Fhomes adnns adess pdfis al¥ piods

central na.tal User natal -4 Edit path Hame

Expansion File Details:-

/V

expIEH#hes expIBihe_hells. dat

Data File

Data oot I Fhomes pdans adand 2dF 3%y

Icm@ natai Tseyr ]]atal <4 Edit path Kame

.- A|
expIbihe_cdls_ dat
expIbihe_nSls dat
expIbihe_nells dat Fi

Filter File Details:-

henke

Data File

l:am:ell ml

Theprocessing
1.
2.

options windowhas the appearance shown below:

An arbitrary title may be given for the case being processed.

For information the full pathways to the datasets being psseel are also
shown. The buttonBrowse commentsagain allows display of the
information field section at the foot of the selected dataset, if it exists.

The main inputs follow that those ADAS208. Your stings of electron
temperature, ion temperature and neutral hydrogen temperature are shown
in the temperature display window. The temperature values at which the
excitation rate coefficients (in fact ‘upsilons’) are stored in the selected
adf04 (input) are also shown for information. The program obtains the
output from the adf42 driver file if available. A similar pattern is shown in
the Density sub-window although there is no ‘Input’ from the adf04 file.
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4. Selection ofDefault temperatures is somewhat different from the usual
ADAS pattern. A drop-down menu allows choice from a number of
favoured sets, such as the GCR Standard set

5. Selection of metastables is done from a scrollable button list rather than a

POp-up.
Title for Rl.mII |N'uclear Charge: 2 Ton Charge: 1
adfod file : /home/smmerssadas/adf04/helike/helike_hpsliZhe dat Browse l:o'mme'ntsl 2
adf1f file : /homefsurmersfadac/adfi18/alT p208/ Browse l:me'ntsl
3
~_| g
\ Terperatures l Densities
IHDEX Electron Ion KHeutral Input j IKDEX Electron T Al
Hydro Value Densities Demsities J
1 5. 000E+03 5_000E+03 5. O0DOE+03 5 820E+03 1 1 000E+1Z 1 DO0E+1Z
2 1.000E+04 1.000E+04 1 D00E+04 7. 320E+03 2 1 000E+13 1 OOOE+13
3 Z.000E+04 2.000E+04 2. 000E+04  9_2Z0E+03 3 1 000E+14 1. 000E+L4
4 3_000E+04  3.000E+04 3 D00E+04 1 160E+04 2 1 000E+15 1. DOOE+1S
5 5.0005+04  5.000E+04  5.0002+04 1 .460E+04 | 5 1.0005+16  1.0005+16 |
| I =] ]
If;l‘emperahme Tmits: Kelvin Ij,ens_]_w mits: em-3
4 Edit Table | Edit Table |
Defanlt: Standard Set | Defanlt: Standard Set | 6
Metastable State Include Reactions: Spectral Interval;/
] . .
I~ 1s2 7 Ionisatien Rates IHDEX # pixels min wave ;max wave S
1 256 10. 00 30. 00
J/v i Charge Exchan 2 512 100 00 200_00
- 1s2s o= e 3 512 3200_00 £500_00
1Y —_— 4
/ =171 1525 1 Recombination 5
i 1s -l Irmer Shell Tonmisation 4
= !
1s -1 Include Projection Data .
| Zp - Edit Table
/ -1 Proton Impact Gollisions
7 For a single metastable Lower limit of A-value: |3 00000
normalise PLT and PEC ? Zeff : | I 00000
#* ND

6. Wavelength ranges and associated pixels are specified in an editable table.

The set of control parameters for the calculation foll&RHAS208.

8. The Normalisation option should be chosen when there is only a single
metastable..

~

Theoutput options window is as shown below
1. The Text Outputbutton activates writing to a text output file. The file
name may be entered in the editable File name box WeenOutpuis on.
A ‘pop-up’ window issues a warning if the file already exists and the
Replacebutton has not been activated.
2. The PEC (adfl5)file comprises the set of individual line emissivity
coefficients.
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[T Text Dutput | _i Append _i Replace

File Name : | paper.txt

" PEC (adfl5) file _| Append _i Replace
Ly

/ File Name : IE_adasBll]_ad:ﬂE.pass

[T Feature PEC {adf40) file _i Append _| Replace

_—/v

|| rite wane : IE_adasHll]_aﬂ:fdl].pass

7 Total power {adfll/plt) wmfiltered _| Append _| Replace

»

/‘ File Name : |ladas810 adfll_plt.pass

7 Total power {adfll/plt) filtered _i Append _i Replace
n 4

File Name : I_?,adasﬂll]_aﬂ:ﬂl_plt_filter.pass

Choose output options

The Feature PEC (adf40jile comprises the envelope feature data for each selected wavelength
interval and each metastable, tabulated in pixel space as a function of temperature and density .
The Total power (adf11/plt) unfilteredile comprises the total radiated power in the spectral
intervals.

TheTotal power (adf11/plt) filteredile comprises the radiated power in the spectral intervals as
transmitted by the filter specified in the input filter file — if selected.

Notes:
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