ADAS307: Charge exchange spectroscopy - process
effective coefficients: j-resolved/scan

The program computes sets of effective emission coefficients for transitions in hydrogen-like
impurities following charge exchange recombination from neutral beam donors. The
coefficients are for principal quantum shell transitions obtained by summation of partial
coefficients from an nlj-resolution collisional-radiative model. They are prepared over one-
dimensional scans of plasma parameters around a reference set and assembled directly to the
data format specification ADF12.

Background theory:

The code is variant of ADAS306 where a full theoretical description is given. It is designed to
provide tabulations of effective emission coefficients only and excludes analysis of observed
line-of-sight spectral emissivities and display.

Charge exchange spectroscopy is driven by reactions of the form
X+ZO + Dt?eam(l) - X+Zo(n|j) + D;eam 4.7.1

in which an electron is captured from a donor atom in its ground (or an excited) state. The
principal application is usually to capture by the bare nuclei of impurity atoms in the plasma
from the ground state of deuterium, helium or lithium atoms in fast neutral beams.

Subsequently the hydrogen-like impurity ion radiates as

X+zo—1(nr |rjl) . x+70'1(n" |”j”) +hv 4.7.2

Composite spectral line features of the fditn— N are observed made up from unresolved
n'l'j" - n"1"j" multiplet components. The code comput§"™), the effective emission
coefficientfor the wholen — N’ principal quantum shell transition, where

(eff) — (eff)
n-n ;qﬂj-.n’l’j’
NI

— (%-1) (20) 473
- Aﬂjqn’l’j’ ( anj / ND N )
NI

Nr(]ﬁ"_l) is the number density of thelj sublevel of the hydrogen-like impurity oM\, is

the neutral donor number density alNf® is the number density of fully ionised impurity
ions. The mean transition energy is

AEn,n’ = ( AEan,n’I’j’ qgeﬁ) ) / cfueﬁ)’ 4.7.4
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where AE; ;. is the line component transition energy aqﬁfi)
effective emission coefficient.
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The results are organised for output directly to the ADF12 specification so that they can be
reused interpolatively in other analyses. For widely different plasma conditions from the
reference where the rapid interpolation afforded by one dimensional scans is expected to be
unsound, it is the practise to set up other ADF12 datasets centred on different reference
conditions. The scan densites allowed by the code are larger for beam energy and plasma ion
density parameters, since the coefficients are most sensitive to them. The magnetic field scan
is not meaningful at this time and a single value is normally enetered only for place holding.

Source data

The program operates on collections of fundamental state selective charge exchange cross-
section data. The allowed content, organisation and formatting of these files are specified in
ADAS data format ADFO1 ( see appendix ). Centrally supported data collections are archived
using the file naming convention as follow:

1. qgcx#h0_(<ion>).dat: individually prepared, preferred or default data with a ground state
neutral hydrogen donor, where <ion> is the receiving fully ionised ion (for example,
C6). The dataset usually covers an extended range of energies achieved by
combining data from different sources.

2. gcx#h0_(<initial><ion>).dat: ground state neutral hydrogen donor data in general from a
particular source, where <initials> is a three character identifier of the source and
<ion> is the receiving fully ionised ion (for example C6). Sources include KVI
(cross-beam experiment based data from Kernversneller Instituut, Groningen); HMI
(CCAO data from the calculations of Fritsch); GYT (continuum distorted wave data
from the calculations of Gayet); CTM ( CTMC data from the calculations of Olson).
<initials> prefix of the form H2S etc. is used for excited hydrogen donors.

3. gcx#heO_(<ion>).dat: individually prepared, preferred or default data with a ground state
neutral helium donor, where <ion> is the receiving fully ionised ion (for example
C6). The dataset usually covers and extended range of energies achieved by
combining data from different sources.

4. qcx#he0_(<initial><ion>).dat: ground state neutral helium donor data in general from a
particular source, where <initials> is a three character identifier of the source and
<ion> is the receiving fully ionised ion (for example C6). Sources include KVI
(cross-beam experiment based data from Kernversneller Instituut, Groningen); HMI
(CCAO data form the calculations of Fritsch); GYT (continuum distorted wave data
from the calculations of Gayet); CTM ( CTMC data from the calculations of Olson).
<initials> prefix of the form H2S etc. is used for excited hydrogen donors.



Program steps:

These are summarised in the figure below.
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Interactive parameter comments:

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 progrpapér.txt is the default) and the
effective emission coefficient file formatted to adf12 specification. There is no graphic output
from this program.

Thefile selection windowhas the usual appearance shown below.

1. adfOl is the appropriate format for use by the program ADAS307. Your
personal data of this type should be held in a similar file structure to central
ADAS, but with your identifier replacing the firatlas.

< | ADAS307 INPUT

Input Recombining lon File

Data root | /disk2/adas/adas/adf01/ |

Central data \ \ User data [J Edit Path Name a)
‘ qcx#h0/qex#h0 old#c6.dat ‘Y[
N
qex#h0_old#bed.dat ©)

qex#h0_old#c6.dat
qex#h0_old#h1.dat \

b)
Data File:

<

‘Browse Comments ‘ \Cancel\ \ Done \

2. 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. There are a
large number of these. They are stored in sub-directories by donor which is
usually neutral but not necessarily so (@@gx#h(Q. The individual members are
identified by the subdirectory name, a code and then fully ionised receiver (eg.



a)

<)

qcx#h0 old#c6.da}. The data sets generally contaikresolved cross-section
data bum-resolved andim-resolved are handled. Resolution levels must not be
mixed in datasets.

The codes distinguish different sources.The first letter the codeld has been

used to indicate that the data has been produced from JET compilations which
originally had parametrisdddistribution of cross-sections. The nl-resolved data
with such code has been reconstituted from them. Data of c@ddes the
preferred JET data. Other sources codes inctuggold Ryufuku),ool (old
Olson), ofr (old Fritsch) andomo (old molecular orbital). There are new data
such akvi.

Click on a name to select it. The selected name appears in the smaller selection
window c) above the file display window. Then the individual datafiles are
presented for selection. Datafiles all have the terminatiain

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

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

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

Theprocessing options windowhas the appearance shown below

M

ADAS307 : PROCESSING OPTIONS

Title for Run [ demonstration |

Data File Name : /disk2/adas/adas/adf01/qcx#h0/qex#h0_old#c6.dat

Browse Comments ‘

Receiver-------------moeeeeees s Neutral donor -

Nuclear Initial Final Nucle;?-lease input the following receiver information
Symbol  charge ion charge ion charge Symbol charge
Atomic mass number of receiver
C 6 6 5 H 1
Input reference plasma parameter information :- Input scan information :-
(> Beam energy scan
ton temp. (eV) [ 5.0e3 | Elec. temp. (eV) :
’ <> lon density scan V\
- 2.5e13 | Elec. dens. (cm-3) :| 5.0e13
fon dens. (cm-3) (em-3) <> lon temperature scan b)
7 effective 20 ] BMagn.(T) {30 | <> Plasma effective Z scan
<> Magnetic induction scan

Input reference beam parameter information :-

Beam energy (eV/amu) :

Beam energy scan

bl Upper N level Lower N level :[ 7 ]

Input selected transition :- INDEX Energy (eV/amu)

1 3.000E+04
: 2 4.000E+04
Note : maximum allowed N quantum no.: 20 3 5.000E+04 V\
minimum allowed N quantumno. : 1 4 e)
5
= |

Select charge exchange theory | Use input data set Edit Table ‘
Select donor states :|
Select emission measure model :| Charge exchange

8.

The user input follows broadly that required for ADAS306. The reference
plasma parameters are specified at a) with the beam reference energy entered just
below. Note that a reference value is usually taken centralised in the one
dimensional scan for that parameter. In such one dimensional scans, the other
parameters are kept at their reference values.



e

a)

b)

lon density scan lon temperature scan
INDEX lon density (cm-3) INDEX  lon temperature (eV)
1 1.000E+13 1 4.000E+03
2 2.000E+13 2 5.000E+03
3 .. 3 ..
4 4
N N
& = € & =
Edit Table Edit Table
Plasma effective Z scan Magnetic induction scan
INDEX Plasma effective Z INDEX Magnetic induction (T)
1 15 1 3.0
2 2.0 2
3 .. .. 3
4 4
N N
& = ") & =
\ Edit Table \ Edit Table

9. The actual scans are entered by clicking on the appropriate button at b). The
selected scan table sub-window is displayed at €) and may be edited in the usual
manner. The appearances of the various scan sub-windows are shown at €’) to
e””)

10. At ¢), the particular transition for which the tabulation is to be prepared is
entered. This is analagous to ADAS306 but only one transition is treated at a
time. At d), the usual model options are available.

The output options window is shown below. There is no graphical output possibility but in
addition to the usual text file, the data output file may be produced a). It is prepared
preformatted according tadfl12for direct addition to the ADAS database. Since it may be
desired to patch the data in to existadf12data sets, the transition count is left blank. More
details are given in the ADAS User Manual. As the calculations may take some time, the
option is given of executing in the background. There are therefore two ways in which output
can be generated:

11. By pressingRun Nowb), you can wait for the output to be generated before
continuing. When this option is taken a small information box opens showing
the progress the program has made. Once this has been done the calculations
cannot be halted, but an execution time of less than 30 seconds can usually be
expected.

M ADAS307 OUTPUT OPTIONS

Data file name : /disk2/adas/adas/adf01/qcx#h0/qcx#h0_old#c6..dat

‘ Browse comments

[1 Data Output 1 Append [1 Replace Default File Name

v File name : /home/summers/adas/pass/data.pass ‘

[] Text Output 0 Append [0 Replace Default File Name

File name : | paper.txt |

v [ Cancel | | RunNow | | Run in Batch




12. By pressingRun in Batchthe actual calculations required to produce the output
are run at a later time, but it is necessary for a batch file containing all relevant
data to be created or updated. Again a small information box opens showing the
progress made in doing this. The process will normally be considerably quicker
than when pressingun Now A larger batch job can be built up by returning to
the Processing Options Window and making new selections before returning to
the Output Options Window and again clickingkuan in Batch An appropriate
small information box is displayed as at c) below. When you exit the Processing
Options Window of ADAS307 by clicking ofancelto return to the Input
Options Window, the program takes this as a signal that the batch job is
completed and submits it for execution. A small information box opens giving
the name of the job and information on when execution will begin. Calculations
run in this way will normally run more quickly than those run usingRtie Now
button. When the batch job is complete, the output files are generated and a malil
message sent from the operating system to say that it is finished. This will
normally contain a simple message which says ‘Your batch job has completed
successfully’. 1t is possible to build a queue of batch jobs by submitting one as
described above, constructing another and submitting that in the same way, but
due to the relatively short time taken by the calculations it is not anticipated that
this will happen very often.

13. Note that care must be taken with filenames when using ADAS307. Whenever
the Replace option is selected and output then produced, the program
automatically deselects theeplaceoption again to prevent the output being
accidentally overwritten. When running batch jobs, the program goes one step
further . AfterRun in Batchhas been selected the first time, &mpendoption
is always automatically selected for subsequent output. It is possible to override
this and even to send output to different files from the same batch job. However,
if the Replacebutton is selected once the contruction of a batch file has begun
then any earlier output stored in the batch file will be deleted when the job

executes.
@ ADAS307 : INFORMATION
ADA307 UPDATING BATCH FILE - PLEASE WAIT
c)/ .
Processing 75% complete
[llustration:

There is no graphical display from this code. A typical summary ouput is show in table 4.7a
and the ADF12 ouput is shown in table 4.7b.

Table 4.7a.



ADAS RELEASE! ADASY3 VI.I3 PROGRAM: ADAS30/7 VI.3 DATE: 16/04798 TIME 14:03

rrkeeker RUN SUMMARY FOR J-RESOLVED CHARGE EXCHANGE  *riktrik
wrkkikk EFFECTIVE EMISSIVITY COEFFICENT SCANNING PROGRAM  Frkikix
kkkkkkkkkkkkkkkkk ADAS307 - DATE 16/04/98 kkkkkkkkkkkkkkkkkkk

INPUT FILE : packages/adas/adas/adf01/qcx#h0/qex#h0_old#c6.dat
OUTPUT PASSING FILE: paper.txt

dhkkkkkkkkkkkkkkkkkkkkkk SUMMARY OF PARAMETER SET NO l Fhkkkkkkkkkkkkkkkkkkkkkk
DONOR / RECEIVER INFORMATION:
RECEIVER  NEUTRAL DONOR
ELEMENT SYMBOL
NUCLEAR CHARGE

nn
g0
N

RECOMBINING ION CHARGE 6 -
RECOMBINED ION CHARGE 5 -
ATOMIC MASS NUMBER = 12.00 -

PLASMA PARAMETERS:

ION TEMPERATURE  (EV) = 5.00D+03 ELECTRON TEMPERATURE (EV) = 5.00D+03
ION DENSITY (CM-3) = 2.50D+13 ELECTRON DENSITY (CM-3) = 5.00D+13
PLASMA EFFECTIVE Z = 2.00 MAGNETIC INDUCTION (T) = 3.00

BEAM PARAMETERS:
BEAM ENERGY (EV) = 4.00D+04

TRANSITION PARAMETERS:

UPPERNLEVEL=8 LOWERNLEVEL= 7
CHARGE EXCHANGE MODEL : INPUT DATA SET
EMISSION MEASURE MODEL: CHARGE EXCHANGE
VALUES FOR BEAM ENERGY SCAN:

NUMBER OF BEAM ENERGIES = 16

SET OF BEAM ENERGIES (EV)
1.00D+03 2.00D+03 3.00D+03 4.00D+03 5.00D+03 7.00D+03
1.00D+04 1.50D+04 2.00D+04 3.00D+04 4.00D+04 5.00D+04
6.00D+04 7.00D+04 8.00D+04 1.00D+05

VALUES FOR ION TEMPERATURE SCAN:

NUMBER OF ION TEMPERATURES = 12

SET OF ION TEMPERATURES (EV)
1.50D+03 2.00D+03 3.00D+03 4.00D+03 5.00D+03 6.00D+03
7.00D+03 8.00D+03 1.00D+04 1.30D+04 1.60D+04 1.90D+04

VALUES FOR ION DENSITY SCAN:
NUMBER OF ION DENSITIES = 16

SET OF ION DENSITIES (CM-3)
1.00D+11 2.00D+11 5.00D+11 1.00D+12 2.00D+12 3.00D+12
5.00D+12 7.00D+12 1.00D+13 2.00D+13 2.50D+13 3.00D+13
5.00D+13 7.00D+13 1.00D+14 2.00D+14

VALUES FOR PLASMA EFFECTIVE Z SCAN:
NUMBER OF EFFECTIVE Z= 5

SET OF EFFECTIVE Z
1.00D+00 1.50D+00 2.00D+00 3.00D+00 4.00D+00

VALUES FOR MAGNETIC INDUCTION SCAN:
NUMBER OF MAGNETIC FIELDS = 1

SET OF MAGNETIC FIELDS (T)
3.00D+00




Table 4.7b.

ADAS307 16/04/98 D=H(1S) R=C+6 N=8-7 F=old#c6 M=CX ISEL=1

6.07D-09 QEFREF
4.00D+04 5.00D+03 2.50D+13 2.00D+00 3.00D+00 PARMREF
16 12 16 5 1 NPARMSC

1.00D+03 2.00D+03 3.00D+03 4.00D+03 5.00D+03 7.00D+03 ENER
1.00D+04 1.50D+04 2.00D+04 3.00D+04 4.00D+04 5.00D+04
6.00D+04 7.00D+04 8.00D+04 1.00D+05 0.00D+00 0.00D+00
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
8.11D-12 1.67D-11 2.29D-11 3.31D-11 4.44D-11 8.75D-11 QENER
1.77D-10 4.18D-10 9.20D-10 2.92D-09 6.07D-09 7.66D-09

7.70D-09 7.30D-09 6.58D-09 4.74D-09 0.00D+00 0.00D+00
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
1.50D+03 2.00D+03 3.00D+03 4.00D+03 5.00D+03 6.00D+03 TIEV
7.00D+03 8.00D+03 1.00D+04 1.30D+04 1.60D+04 1.90D+04
6.77D-09 6.60D-09 6.35D-09 6.18D-09 6.07D-09 5.98D-09 QTIEV
5.91D-09 5.85D-09 5.77D-09 5.68D-09 5.62D-09 5.58D-09

1.00D+11 2.00D+11 5.00D+11 1.00D+12 2.00D+12 3.00D+12 DENSI
5.00D+12 7.00D+12 1.00D+13 2.00D+13 2.50D+13 3.00D+13
5.00D+13 7.00D+13 1.00D+14 2.00D+14 0.00D+00 0.00D+00
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
6.19D-09 6.19D-09 6.18D-09 6.18D-09 6.17D-09 6.17D-09 QDENSI
6.16D-09 6.15D-09 6.13D-09 6.09D-09 6.07D-09 6.05D-09

5.99D-09 5.94D-09 5.89D-09 5.76D-09 0.00D+00 0.00D+00
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
1.00D+00 1.50D+00 2.00D+00 3.00D+00 4.00D+00 0.00D+00 ZEFF
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
6.15D-09 6.10D-09 6.07D-09 5.98D-09 5.91D-09 0.00D+00 QZEFF
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
3.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 BMAG
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00
6.07D-09 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 QBMAG
0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00 0.00D+00

Notes:




