Lecture 4  Charge exchange and beam emission
spectroscopy

Preliminaries

Charge exchange spectroscopy is driven by reactions fdrthe

X +Dg,, (1) - X (nl)+Dy,,
in which an electron is captured from a donor atom igritsind (or an excited) state. The principal
application is usually to capture by the bare nuclei giurty atoms in the plasma from the ground
state of deuterium, helium or lithium atoms in fast reduieams. Subsequently the hydrogen-like
impurity ion radiates as

X+Zo—l(nr|r) N X+Zo—l(nn|n) + hV
Composite spectral line features of the forth — N" are observed made up from unresolved
n'l" - n"l" multiplet components. Charge exchange line features dafteslve high principal
quantum shells and occur over wide spectral ranges inclutdmgisible range. In general the
populations of receiver levels are modified by redistributiokisions with plasma ions and electrons
and by fields before radiation emission occurs

The programs of series ADAS3 are associated with aldutiams of hydrogen or helium isotopes and
there are two streams of modelling. The first stré&mooncerned with modelling and detailed spectral
line emission from hydrogen-like impurity ions in agtaa following charge transfer from fast neutral
beams. It commences with a collection of statectigie charge transfer cross-section data at n, nl or
nim resolution (type ADFO01) spanning an extended region of callisieergies and n-shells and in
some cases different sources. For interpretatiahafge exchange emission lines, effective emission
coefficients for relevant spectral lines emitted bg tleceiver are required. These are archived in
ADAS data format ADF12. They require special collisiersaliative population calculations for their
evaluation. There are two collisional-radiative preges options, namely for calculations in the
bundle-nl (ADAS308) or bundle-nlj (ADAS306) approximations. The programs ADAS308 and
ADAS306 predict data for arbitrary lines at a fixed set@fditions and show extensive detail of the
line emission. It is convenient to have availableerautomatic codes which generate ony tables of
ADF12 coefficients over ranges of plasma parametersutitthe intervening displays. This capability
is provided by ADAS309 and ADAS307 for the bundle-nlj anddbesm| pictures respectively. The
latter are termed scanning versions of the codes. aBseciated codes for interrogation of the
fundamental state selective cross-section database hendeftective charge exchange emission
coefficient database are ADAS301 and ADAS303 respectively.

The ADAS data formats format
The various relevant classes of data are

adf0l bundle-n and bundl-nl charge exchange cr-section
adf02 ion impact cros-sections with named participi
adf12 chaige exchange effective emission coefficii

adf21 effective beam stopping coefficie

adf26 bundle-n populations of excited states in be

ADFO1

For a specified relative collision enerdy belonging to the tabulation, let the total cross sedtie
0, (E;) and the n-shell cross-sections @g(E;). The latter are tabulated for,, <n<n, . for
somen_ . andn__ . Forn=n__ extrapolation is assumed of the form

Jn(Ei) = (nmax/n)ﬂ(Ei) a-nmax(Ei)



n,l

The parametef}(E;) is deduced frono, _,(E;) andg, (E;) and is tabulated in the data set.
The Un(Ei) are normalised to the total cross-section so thiaing the extrapolation equation for

nzn.,

I (E) = 2 0,(E)

N=Npin

Explicit I-subshell cross-sectiong,, (E;) are tabulated fon .. <n

extrapolation there are two cases.
Case 1. Nol subshell subdivision parameters are given in the ADFCGseat It is assumed that the |
distribution forn>n

4.1.3
Case 2: | subshell parameters are given in the the ADFO1 databet.parameters are obtained as a fit

to |- subshell cross-section data for a particular n-shisihg the program ADAS107.

max

JnI(Ei) :{

is the same as fan, so that
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parameterisation identifies &type , parametetyp(E; ) and an approximategnon integral) at which

the cross-section behaviour changes from rising at towalling at highl, parameteixicr (E;). The

behaviour is then given by
(2| + :D pl2

Jnl (E|) -

The normalisation

7,(E)=3. 0, (E)

is maintained while the sharpness of the switching datwthe two forms varies with théype. A

exp(=( —xlcr)

pl3

detailed description is given in ADAS107.

for | < xlcr
) for | <xlcr

A typical ADFO1 organisation is shown fof Honor to Hé receiver

receive donor Energie Total xsect. n-extrapolat|0|
/ 1 block parameter
He+ 2 H + o‘(z) | receiver, donor (donor state n=2) /
9 / nunber of energies
2 / nmin
5 /' nmax
0.01 0.02 0.05 0.10 0.20 1.00 2. 00, 5.00 / energies (keV/ anu)
17.00 16. 20 15. 00 13. 86 12. 68 9. 65 8.30 5.85 / al pha
1.11E-14 1. 18E-14 1.18E-14 1.16E-14 1.16E-1 1.30E-14 1. 34E-14 1.34E-14 |/ total xsects. (cnR)
n | m | partial xsects. (cnR)
2 0. O0E+00 0. OOE+00 0. 00E+00 0. OOE+00 2.75E-18 1.01E-17 1.77E-17 4.81E-17 9. 32E-17
2¥0 0. O0OE+00 0. O0OE+00 0. 00E+00 0. OOE+00 2.20E-18 5.07E-18 7.60E-18 1.22E-17 3.09E-17
2 1 0. 00E+00 0. OOE+00 0. 0O0E+00 0. 00E+00 5.50E-19 5.07E-18 1.01E-17 3. 60E-17 6.23E-17 \
5 1.50E-17 2. 60E-17 5.30E-17 9. 00E-17 1.60E-16 3.09E-16 5.50E-16 9. 00E-16 1.55E-15 partia
5 0 0. O0E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 0. 00E+00 / xsects
5 1 0. O0E+00 0. 00E+00 0. 0O0E+00 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 0. 00E+00 =
5 2 0. O0E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 0. 00E+00
5 3 0. O0E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 0. 00E+00
5 4 0. O0E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0. 00E+00 0.00E+00 0. 00E+00 0. 00E+00
ADAS301

The code interrogates state selective charge excharggesgction files of type ADFO1. Data may be
extracted for capture to a selected n-, nl-or nim-sbfell hydrogen-like or lithium-like receiving ion

depending on the ADFO1 file. The data may be interpolatedyugibic splines to provide cross-
sections at arbitrarily chosen impact energiesmiAimax polynomial approximation is also made to




the source data. The source and interpolated crossrséetia are displayed and a tabulation prepared.
The tabular and graphical output may be printed and incledmithimax polynomial approximation.

Thefile sdlection window is shown below.

11 INPUT

Input Emitting Ion File

Data Root |§g§me§qa gagfadanadas/adials

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

\

‘gex#h0/ gox#h0_old#n7.dat

/ qcx#hﬂ_ezp#hl- dat

o

e gexih0_e?s#hl. dat
gex#h0_en? _kwi#bb. dat

gexih0_en? kvi#bed.dat
qex#h0_en? kwi#ch. dat / 3

Data File gex#h0_en? kvifhe?.dat

gex#h0_en? kvi#lild.dat

gqex#h0_en? kvi#nel0. dat

gexih0_ex2?#eb6.dat
gex$h0_ex3#ch.dat

gqex#h0_ex3#hl. dat
gexih0_exd#cb. dat

\ gex#h_exkibe? . dat 7

\ gexih0_exkibed . dat

—® Browse Connnent5| Cancel| Done|

1. Data root shows the full pathway to the appropriata dabdirectories.
Click the Central Data button to insert the default central ADAS
pathway to the correct data type — ADFO1 in this casete Mhat each
type of data is stored according to its ADAS data for(adit number).
Click the User Data button to insert the pathway to your own data.
Note that your data must be held in a similar file $tmecto central
ADAS, but with your identifier replacing the firgidas, to use this
facility.

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

3. Available sub-directories are shown in the large filgpldiy window.
There are a large number of these, stored by donor vihicisually
neutral but not necessarily so (ggx#h0). The individual members are
identified by the subdirectory name, a code and then folhyséd
receiver (eg. qcx#h@ld#c6.dat). The data sets generally contaiid
resolved cross-section data butresolved andnimresolved are
handled. Resolution levels must not be mixed in dataskts.codes
distinguish different sources.The first letteor the codeold has been
used to indicate that the data has been produced from JJilations
which originally had parametriséetlistribution of cross-sections. The
nl-resolved data with such code has been reconstitutedtierm Data
of codeold is the preferred JET data. Other sources codes inohyde



(old Ryufuku),oal (old Olson),ofr (old Fritsch) anemo (old molecular
orbital). There are new data suchkeis

4. Click on a name to select it. The selected name appetire smaller
selection window above the file display window. Then stgb-
directories in turn are displayed in the file display daw. Ultimately
the individual datafiles are presented for selectioratafiles all have
the terminationdat.

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

6. Clicking on theBrowse Comments button displays any information
stored with the selected datafile. It is importantise this facility to
find out what is broadly available in the dataset. Plssibility of
browsing the comments appears in the subsequent main waisow

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

The processing options window has the appearance shown below
An arbitrary title may be given for the case beingcpssed. For
information the full pathway to the dataset being ys&l is also
shown. The buttorBrowse Comments again allows display of the
information field section at the foot of the selectedhslet, if it exists.

2. The output data extracted from the datafile, a ‘charghagrge cross-
section’, may be fitted with a polynomial. This is aguaction of
relative collision energy per atomic mass unit (eMiamClicking the
Fit Polynomial button activates this. The accuracy of the fitting
required may be specified in the editable box. The vialtlee box is
editable only if the=it Polynomial button is active

3. Your settings of collision velocity/energy (output) ateown in the
display window. The velocity/energy values at which terge
exchange coefficients are stored in the datafile (inprg)also shown
for information. The program recovers the output vigksfenergies
you used when last executing the program.

4. Pressing th®efault Velocity/Energy values button inserts a default set
of velocities/energies equal to the input velocitiesigies

5. The Velocity/Energy values are editable. Click on &t Table
button if you wish to change the values. A ‘drop-dowmdow, the
ADAS Table Editor window: It follows the same pattafnoperation
as described in thE8nov-94 bulletin.

6. The specific cross-section data to be extracted is fegueddy the
window to the right. The level or resolution of tdata source is
shown.

7. Activate theSelect quantun numbers for processing button to allow new
settings of these quantum numbers. The values in tkee #maller
windowsbecome editable depending also on the resolutiothef
dataset. Note that thiRange of the data in the dataset is displayed.

8. There are special codes to be used to obtain summedsegss over
sub-quantum numbers. These are indicated in brackets tnedeotal
column and should be entered into the editable windoggifired.



/ Browse Comments |

— Edit the processing options data and press Done to proceed

PROCESSING OPTIONS

Title for Run | ADAS User manual example

}ta/i‘ﬁ; Hame: /packages/adas/adas/adf0l/gex#h0/ qex#h0_oldén?. dat

Polynomial Fitting 7
8

=2 Fit Polynomial value % : |I B
Ji 2

Select Welocities/Energies for output file & Select quantum numbers for processing E

al

Output Collision Velocities/Energies Range Tot v

INDEX  Output Tnput ] Principal quantum no. H (4 - 9) iz [ 0]
|1 1.000E+03  1.000E+D3 orbital quantum mo. L (0 - H-1) |{ 3 [-1]

1.500E+03 1.500E+D3
2.000E+03 2.000E+D3

3.000E+03  3.000E+03 Animubhal guassba ne. 8 - Ly |l Peii
5. 00DE+03 5.000E+03 |

= Iz

Data is N and L resolved.

Welocity/Energy wnits: eVyam
Edit Table *—— || \
—— 5

Default Velocity/Energy Values |

Cance Done

9. Clicking theDone button causes the next output options window to be
displayed. Remember th&ancel takes you back to the previous
window.

Theoutput optionswindow is shown below

1. As in the previous window, the full pathway to the fieing analysed
is shown for information. Also thérowse comments button is
available.

2. Graphical display is activated by ti@&aphical Output button. This
will cause a graph to be displayed following completiothid window.
When graphical display is active, an arbitrary titl@ymbe entered
which appears on the top line of the displayed graph.

3. By default, graph scaling is adjusted to match the requitgputs.
Press théxplicit Scaling button to allow explicit minima and maxima
for the graph axes to be inserted. Activating thigdoumakes the
minimum and maximum boxes editable.

4. Hard copy is activated by thsnable Hard Copy button. The File name
box then becomes editable. If the output graphic fileaaly exits and
the Replace button has not been activated, a ‘pop-up’ window issues a
warning.

5. A choice of output graph plotting devices is given in thei@elist
window. Clicking on the required device selects it. gpears in the
selection window above the Device list window.

6. TheText Output button activates writing to a text output file. Thie fi
name may be entered in the editable File name box ia¢Output is
on. The default file name ‘paper.txt’ may be set by pngsie button
Default file name. A ‘pop-up’ window issues a warning if the file
already exists and tHeeplace button has not been activated.



\

\

ADAS301 OUTPUT OPTIONS
Data File Hame: /packages/adas/adas/adf0l/gex#h0/ gex#h0_old#n?.dat

| Browse Comments

¥ Graphical Output Select Device

Graph Title ADAS User manual example |_§_Post—5cript

Post-Script
_|Expliecit Secaling g:gEL

Hempive o b

Yempdve o B

5
[« Enable Hard Copy | Replace
v : - g
/ File Hame : |@adas301 graph.ps
% Text Output |Replace Default File Hame
File Hame : |.§adas301_paper.t!q; 6

Cancel M

TheGraphical output window is shown below

1. Printing of the currently displayed graph is activated byPtiet button.



EMERE

Print Done

Plot written to print file.

ADF12

Data from files of type ADF12 contain charge exchange éfee@mission coefficients for principal
quantum shell transitions of hydrogen-like impurity ioqg’frf,, at a reference beam/plasma condition

of beam energ;Elﬁref), plasma ion densit)l\lz(;”, plasma ion temperaturEgﬁef), plasma z effective

zeff ) and magnetic field strendBi:;). Also they contain thqr(]efrf, at varying plasma conditions
obtained by keeping all the parameters except one at #remeé conditions. These are called one-
dimensional scans and there qﬂéﬁg sets at the following parameter sets:

{E,ii =11 NEO TED, zeff 0, B with EM O{E,;i =117},
EF AN i =1 1}, TED, zeff €0 B with N O{N_:i =11},
ES NG (T i =11, zeff 0, BU with TS O{T,, 1i=11.},

Bl NGO TEOD {zeff, 1i =11, 3, B™  with zeff O D{zeff, 11 =1 1},
EUD NED TED zeff (0 B :i=11.}  with B") O{B:i=11}.
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00D+04
00D+00
07D 12
65D- 11
54D- 10
00D+00
00D+03
60D+04
53D 10
51D- 10
00D+11
00D+12
00D+13
00D+00
11D 10
44D 10
52D- 10
00D+00
00D+00
00D+00
52D- 10
00D+00
00D+00
00D+00
. 00D+00
. 00D+00

TYPE

CX. EM S.

2.
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50D+13

17
. 00D+03
00D+04
00D+04
00D+00
51D 12
65D- 10
58D 10
00D+00
00D+03
90D+04
52D- 10
51D 10
00D+11
00D+12
00D+13
00D+00
15D- 10
47D 10
53D 10
00D+00
00D+00
00D+00
53D 10
00D+00
00D+00
00D+00
00D+00
. 00D+00

I ON

HE+ 1

2.

COCOOOOOROINIONNUIOINIORITORWW

SPSCLMS ON HE+2 6-4 H(1S) DONOR 10/ 7/ 90
™. 52D 10

HE2 NEM

00D+00 3. 00D+00
6 1
.00D+03 5.50D+03 7.00D+03
.00D+04 4.00D+04 5.00D+04
00D+05 1.50D+05 2. 00D+05
00D+00 0. 00D+00 0. 00D+00
02D-12 1.07D-11 1.62D 11
06D-10 6.52D-10 5.82D-10
40D-10 3.78D-11 1.25D- 11
00D+00 0. 00D+00 0. 00D+00
00D+03 7.00D+03 1. 00D+04
20D+04 2.50D+04 3. 00D+04
52D-10 6.52D-10 6.52D- 10
51D-10 6.51D-10 6.51D-10
00D+11 7.00D+11 1.00D+12
00D+12 1.00D+13 2.00D+13
00D+13 1.00D+14 0. 00D+00
00D+00 0. 00D+00 0. 00D+00
22D-10 6.27D-10 6.32D-10
49D-10 6.50D-10 6.52D-10
53D-10 6.53D-10 0.00D+00
00D+00 0. 00D+00 0. 00D+00
00D+00 5. 00D+00 6. 00D+00
00D+00 0. 00D+00 0. 00D+00
53D-10 6.53D-10 6.53D 10
00D+00 0. 00D+00 0. 00D+00
00D+00 0. 00D+00 0. 00D+00
00D+00 0. 00D+00 0. 00D+00
. 00D+00 0. 00D+00 0. 00D+00
. 00D+00 0. 00D+00 0. 00D+00
| NFORVATI ON
N =26 6559. 4

| SEL=8
QEFREF
PARMREF
NPARVSC
ENER

TIEV

QT BV
DENSI

QDENSI

energy scan

ADAS303

The program interrogates charge exchange spectroscoptiveffemission coefficient data sets of type
ADF12 associated with a particular neutral donor. The ADdtA set collections are for the relevant
The code and data
organisation allows the emission coefficient to b&aioled (by interpolation using cubic splines) at
plasma conditions and at relative collision energieshoice. A minimax polynomial approximation

hydrogen-like n-n’ spectrum lines grouped according to themibming ion.

can also be made to the interpolated data.

The inteedolidta are displayed and a tabulation

prepared. The tabular and graphical output may be printeitheélnde the polynomial approximation.

Thefile sdlection window appears first and has the appearance shown below.

1. Data root shows the full pathway to the appropriata dabdirectories.
Click the Central Data button to insert the default central ADAS
pathway to the correct data type. Note that each typlatafis stored

according to its ADAS data formatagf number).

adf12 is the

appropriate format for use by the program ADAS303. Detdilthe
organisation of such data is given in #ppxa-12. Click theUser Data
button to insert the pathway to your own data. Natéyour data must
be held in a similar file structure to central ADARyt with your
identifier replacing the firstdas, to use this facility.
The Data root can be edited directly. Click Eukt Path Name button
first to permit editing




3. Available sub-directories are shown in the large filgpldiy window.
There are a large number of these. They are storedh-directories
by donor which is usually neutral but not necessadlyesy. qef93#h).
The individual members are identified by the subdirectame, a code
and then fully ionised receiver (eqefo3#h bed.dat). The data sets
generally contain many individual spectrum lines. Bdars appear if
the number of entries exceed the file display wind@s.siSuch data is
generally stored by year number (88.) with the most recent data to
be preferred. Click on a name to select it. Thecsslename appears
in the smaller selection window above the file displagdeiw. Then
its sub-directories in turn are displayed in the file ldigpvindow.
Ultimately the individual datafiles are presented fedestion. Datafiles
all have the terminatiorat.

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

5. Clicking on theBrowse Comments button displays any information
stored with the selected datafile. It is importantise this facility to
find out what is broadly available in the dataset. Plssibility of
browsing the comments appears in the subsequent main waisow

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

Input Recombining Ion File

Data Root ‘?yaakagaﬁf&ﬁasf&éaﬁf&&i}2}
| >

central Data|User Datal Edit Path Hame
2

‘jqefga#h; qef93wh_n7 . dat

gef93#h_bb.dat
gefddth_bed.dat
gef93#h_cb6.dat
gqef93#h_ gyt#bed.dat
gqef93#h_gyt#ch.dat
Data File |gef93#h_qgyt#hl.dat
gefd3+h_gytihe? . datg
gqef93#h_gyt#o8.dat 3
gefd3#h hl.dat
gef93th_he2.dat
gef93#h_ni.dat
gef93#h nel0.dat
gefd3+h of.dat 6

\\\‘ gef934h _sild.dat

b

Browse Comments|Cancel|Done|

Theprocessing options window is shown below:

1. An arbitrary title may be given for the case beingcpssed. For
information the full pathway to the dataset being ys&l is also
shown. The buttorBrowse comments again allows display of the
information field section at the foot of the selectechsdlet, if it exists.

2. The output data extracted from the datafile may be fittdth a
polynomial. Clicking theFit Polynomial button activates this. The
accuracy of the fitting required may be specified in théabbi box.



The value in the box is editable only if tikg Polynomial button is

active.

Transitions available in the data set are displayeithéntransition list
display window. This is a scrollable window using thekdyar to the
right of the window. Click anywhere on the row fortransition to
select it. The selected transition appears in thecteh window just

above the transition list display window.

|G OPTIONS

Title for Run|I

Browse Comments

L ___——>
Data File Hame: fafs/®ecell/u/adas/adas/adfl2/gef93#h/gef934h bed.dat

Polynomial Fitting

W~

Fit Polynomial

value % : |1 B

Select data Block

IMDEX Transition Donor

Receiver 0CX File Processing Enission

1.000E+D3
1.500E+03
2.000E+D3
3.000E+D3

1.000E+03
1.500E+03
2. 000E+03
3.000E+03

N-N Source Code Type
| 3 5-4 H(15)} BE+4 OLDYBE4  ADAS309 ‘/ 3
2 4-3 H(1S) BE+1 ULD$BE4  ADAS309 [ =
3 5-4 - 6
4 6-5 H(15) BE+d OLD#BE4  ADAS309 3 7
5 7-6 H{15) BE+4 OLD4BE4  ADAS309 ox /
»
Select supplementary pla parameters

Heutral Beam Donor Energy Values

_ t Reference —— Scan Range ———
INDEX  Output Input j alue: Value: Minimon  Maximmm

»

Ton Density {cm-3) v2 .500E+13

2.500E+13

1.000E+11

1.000E+14

Ion Temperature {e¥) |'5.000E+03

5.00DE+D3

1.000E+D3

3. 000E+D4

|EEnergyfVelocity Units: eVyam

Edit Table

Z Effective

2. 000E+00

2.000E+DD

1.000E+DD

6. DDDE+00

Default Energy/Velocity Values

B Magnetic (T}

3.000E+00

3.000E+DD

3.000E+D0

3. 000E+00

Cancel M

Energies/velocities for the neutral donor are displayée: Farticular

choice of units in use is shown below the table. Yettirgs of beam
energy/velocity (output) are shown in the display windovhe beam
energy/velocity values at which the effective emissiorfficients are
stored in the datafile (input) are also shown for infdioma Click the

Edit Table button to drop-down the ADAS Table Editor. Within Teab
Editor you can select which units to use as well a®riengg you

energy/velocity values for output. Note that final dregh results are of
effective emission coefficient versus beam energyaew).

The program recovers the output energies/velocities yed when last

executing the program. Pressing thefault Energy/Velocity values
button inserts a default set of energies/velocities etpuahe input

Effective emission coefficients for the ADF12 databasecalculated at

one-dimensional scans in various plasma parametersveel®d a
reference set of plasma conditions. Details arengiveppxa-12. To
alter the settings, activate tiSelect supplementary plasma parameters

4.
5.

values
6.

button.
7.

The sub-windows become active with the output data boyn each

editable. For information, the reference value ohgalasma parameter
is given together with the range of the parameter ioriesdimensional
Values outside the range should not be entered. defar
prepared using processing code ADAS309, the B magnetid fiel

scan.



| Browse Comments

/-_—_'

parameter has no effect, but is simply used for plaadifgl The scan
in B Magnetic is of zero length.
Theoutput optionswindow is shown below

D OUTPUT OPTIONS

Data File Name: /packagesfadas/adas/adfl?/gef934#h/gef93#h_n7.dat

# Graphical Output Select Dewvice

Graph Title ADAS User manual example Post-Script

Post-Script
HP-PCL

—| Explicit Sealing Hemdes (1 Aemax 1|7 HP-GL

I

[ Enable Hard Copy _|Replace /

File Hame : |adas303_graph.ps

& Text Output _|Replace Default File Hame

File Hame : |Eadas303_paper.txt

Cancel M

7. As in the previous window, the full pathway to the fileing analysed
is shown for information. Also th&rowse comments button is
available.

8. Graphical display is activated by ti@&aphical Output button. This
will cause a graph to be displayed following completiothif window.
When graphical display is active, an arbitrary titl@ymbe entered
which appears on the top line of the displayed graph.

9. By default, graph scaling is adjusted to match the requitgputs.
Press théxplicit Scaling button to allow explicit minima and maxima
for the graph axes to be inserted. Activating thigdoumakes the
minimum and maximum boxes editable.

10. Hard copy is activated by thl&nable Hard Copy button. The File name
box then becomes editable. If the output graphic fileaaly exits and
the Replace button has not been activated, a ‘pop-up’ window issues a
warning. A choice of output graph plotting devices is giuerthe
Device list window. Clicking on the required device silet. It
appears in the selection window above the Device listovin

11. The Text Output button activates writing to a text output file. Thie fi
name may be entered in the editable File name box ia¢Output is
on. The default file name ‘paper.txt’ may be set by pngsie button
Default file name. A ‘pop-up’ window issues a warning if the file
already exists and tHeeplace button has not been activated.

TheGraphical output window is shown below



2. Printing of the currently displayed graph is activated byPttet button.

Plot written to print file.

Calculating CXS effective emission coefficients
The line-of-sight integrated photon emissivity of argesexchange driven line may be written as

|(Zo 1)_Z|(Zo l)I
et

LI

IZAﬂ nI’N(ZO Yds

s I’

.“Z A (N®D N N®) N N@@ds

[

j[Zq“*Llr]NDN%’ds

[

jq(eﬁ’ N, N @) ds

(eﬁ)jN N @) ds

where S is the path Iength through the neutral beam / plasmiséuttion along a spectrometer line-of-
sight. N is the neutral donor number density ahd® is the number density of fully ionised

impurity atoms. qf]efrf, is theeffective emission coefficient for the wholen — N’ principal quantum

shell transition an({ NN (%)ds is theemission measure. The mean transition energy is
S



AEn,n’ = (Z AEnI 'l r(1leif)n’l’ ) / qr(if,frz’
[N

where AE

emission coefficient. The effective emission cogdht (", may be calculated theoretically. Ifit is
approximately constant over the emitting volume, then soreanent of a charge exchange line

is the line component transition energy aq,f;ﬂ)n,l, is the component effective
(eff)

nl,n'l’

intensity | r(lzj;,l) allows deduction of the emission measﬂ;rN o N (%)ds. If neutral beam attenuation
S
to the observed volume is known or calculable then liogalirity density may be inferred.

With the effective emission coefficients calculatedtieically, comparison with one observed charge
exchange line intensity allows deduction of the emisai@asure. Then all other line intensities are
predictable. If more than one line intensity is obs@rtleen a mean emission measure may be deduced
and some comment may be made on the ratios of experintenthkoretical effective emission
coefficients. The organisation of the collisionadiedive modelling in ADAS308 is specifically
designed to allow such comparison. The following pointsassumptions are made:

(i) From the theoretical point-of-view the direcptare cross-sections to levels are more fundamental
quantities for comparison with experiment that the effectimission coefficients.

(i) The dominant fundamental processes modifying th&irdistribution of capture are redistribution
within ann-shell and radiative cascade in low and moderate degplaigynas. Limiting the collisional-
radiative theory to these dominant processes allovesrgact invertable relationship to be established
between column emissivities of charge exchange spectnesdind direct capture cross-sections.

(i) It is of most practical value to target experimetiteory comparisons on timeshell distribution of
capture (including then-shell decrement) in fusion studies. This may be eagd by imposing
theoretical information on thHesub-shell distribution of capture.

Consider the monoenergetic direct capture rate caafteitonl sub-IeveIsqr(],CX) from the initial
neutral donor stat@o(l) by the fully stripped impurity ion with number densN/(Z"), denoted more
compactly byN ™.

(CX)(E ) V 0.(CX) (V)
where E, is the relative collision energy per atomic mass saithatv = ,/2E, /mp is the relative

collision speed, withm, the proton mass and the capture cross-section.

It is supposed that

v (E,) = Ty ™™ (E,)

Since no collisional excitation from lower to higheishells is allowed, the populations of the
sublevels of the principal quantum shll= n+1 may be written as
Ny =NpN* > w, gl
'l
n'V=n+1
Then the equations determining the populations of the sllis-shéhe principal quantum sheilare
—_ thi CX
ZM(n)I,I” N N* f(E\)|eor) r(1 '+ ZAﬂ,n’l’Nn
1" n'zn+l
so that

N . - N N \/\(‘ﬂ] nqlglCX) + N N Z nI] nlvq(CX)

nV=n+1

_ (theor) (CX)
nI] n [Z M, (n)I] 1" (n)l i" ]q

with

and
nI]n ZM(n)I]I]Aﬂ] Ny nI]n

The solution can proceed recursively downwardswith compact vector and array storage.
Tabulations of experimental or theoretical state sgkeatharge exchange cross-section data span a

range of principal quantum sheuéﬁx) (V) :n,<n<n,. Cascade from level3 > n, may contribute
significantly to the populations of lower levels espégiat high collision energies when the decrease
of the direct charge exchange cross-sections witls slow (g, ~ n"“ and @ ~3). However,



redistribution amongslj sub-levels of the highen-shells is high, approaching statistical in most
circumstances. Therefore the cascade solution iatedtiat somé, . (~20 typically) for complete-

shell populations only (matrice\A/(high)), with subshells implicitly statistically populatedown ton,

whereupon th§ resolved solution (matricéA/('°W)) is commenced.
In general observable spectrum lines are associatbdupper principal quantum shells<n,. |If

M lines are identified each with a distinct uppeshells ﬁrep:irep:L...,M then a

rep’ rep?
‘condensation’ may be imposed such that
Mep
(CX) — (CX)
n - Z I‘n,irepqﬁrep for nO sns nl
irep=1
and
(CX) — (CX)
d," =(n/n)qy forn>n,
giving, after integration along the line-of-sight, a matslation
(CX)
I m-n a;. . 6‘1M,ep QHi
—_— +
= ([ NpN"ds) .
S (CX)
ﬁMrep ﬂﬁ”"'rep aMrepl ' Mreerep qﬁMrep

The coefficients of the matrix are theoretically cadt¢edl quantities. The equations may be solved for
the thegq™

my

and the emission meaqu:eN 5 N "ds subject to the constraint
S

Mrep Mrep
(CX) — (CX)(theor)
2.0, = 2.0

IT‘lrep IT‘lrep
irep=1 irep=1

ADAS308

The code analysesolumn (line-of-sight integrated) emissivity observations dfaige exchange
spectroscopy lines from hydrogenic impurities, occuthmgugh neutral beam / plasma interaction, in
terms of emission measure. It predicts the columensities of spectral components of the charge
exchange lines, the Doppler broadened line shapes andveffextission coefficients for arbitrary lines
in an I-resolved picture.

Thefile sdection window is shown below.

1. Data root shows the full pathway to the appropriate daibdirectories.
Click theCentral Data button to insert the default central ADAS pathway to
the correct data type — ADFO1 in this case. Note e¢hah type of data is
stored according to its ADAS data formatfi number). Click thdJser
Data button to insert the pathway to your own data. Nog& jlour data
must be held in a similar file structure to central X5 but with your
identifier replacing the firstdas, to use this facility.

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

3. Available sub-directories are shown in the largeditplay window. Scroll
bars appear if the number of entries exceed the fileagispindow size.
There are a large number of these. They are staredh-directories by
donor which is usually neutral but not necessarily gp ¢ex#h0). The
individual members are identified by the subdirectory nanmeede and then
fully ionised receiver (eg. qcx#h6ld#c6.dat). The data sets generally
containnl-resolved cross-section data butesolved andim-resolved are
handled. Resolution levels must not be mixed in datagéis ADFO1 file
nmaes distinguish different sources. The first legter the codeold has
been used to indicate that the data has been produced&®d compilations
which originally had parametrisdedistribution of cross-sections. The nl-



Data Root
| >

resolved data with such code has been reconstituted them. Data of
codeold is the preferred JET data. Other sources codes inolydéld
Ryufuku), ool (old Olson),ofr (old Fritsch) anamo (old molecular orbital).

There are newer data such ks Additional codes are used for excited
donors such aex2 for hydrogen n=2. Click on a name to select it. The

selected name appears in the smaller selection window #mYige display
window. Then the individual datafiles are presentedébection. Datafiles
all have the terminatiordat.

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

INPUT

Input Recombining Ion File

;’ aisfiosl i fuwfadag/adanfadfinl/s

Data File

tentral DatalUser Datal _|Edit Path Nam@\\\\\\§\\\\\

‘jqcx#hw qextho_oldvhe? . dat

gexih0_e2p#hl. dat
gexth0_e?sthl . dat
gex#h0_en? kwi#bh.dat
gex#h0_en? kvi#bed.dat
gexth0_en? kvi#ch.dat
gex#h0_en?_kvithe? . dSt 3
gex#h0_en? kwvi#lid.dat
gex#h0_en? kvi#nel0.dat
gex#h0_ex?#cbh.dat
gexih0_ex3#cb.dat
gexth0_ex3thl. dat
gex#h0_exd#cb.dat
gex#h0_exki#be?. dat
gexth0_exktbed. dat 6

Browse Comments|Cancel|Done|

|

6. Clicking on theBrowse Comments button displays any information
stored with the selected datafile. It is importantise this facility to
find out what has gone into the dataset and the attribofithe dataset.
The possibility of browsing the comments appears instifessequent
main window also.

7. Clicking the Done button moves you forward to the next window.

Clicking theCancel button takes you back to the previous window

The processing options window has the appearance shown below

10. An arbitrary title may be given for the case beingcpssed. For
information the full pathway to the dataset being ys&l is also
shown. The buttorBrowse Comments again allows display of the
information field section at the foot of the selectechsdlet, if it exists.

11. Information is given on the fully ionised impurity récer and the
neutral beam donor. The atomic mass of the receiust be entered.

12. The specification of beam parameters, details of obdeliie of sight
spectral emissivities to be analysed and emissivitiée toredicted are
required. Input data of each of these three typeshbeagddressed in



turn by activation of the relevant button. The windaslow the button
list then presents the appropriate table.

13. The Required emissivity predictions button is displayed. This activates
the predictive part of the code which becomes possibles the
observed lines have been analysed in terms of emissiasunge Then
any set of lines within the N-shell limits may be poéell. The
standard output includes the mean wavelength and effesiisison
coefficient, but for up to five lines an extended tabulatanline
component emissivities may be produced. Graphs mayooeiged for
two selected line. Indicate these selections irkiyecolumnThe table
may be edited by clicking on tHzglit Table button.

14. TheObserved spectrum lines table allows introduction of a number of
observed intensities. It is possible to enter valuestwtio not allow a
consistent solution. The code advises of this but hasésponsibility
of the user to check that the data is unblended etc. als@sa usual
practice to enter just one line, possibly with a figtis emissivity
merely to obtain effective emission coefficients dimé component
details.

15. The Beam parameter information button causes display of the third
editable table in the sub-window. Note that no chsdkade that the
various beam energy fractions sum to unity. This ésréésponsibility
of the user.

Title for Run |I |

/’Dﬁ"ﬂe Hame: fafs/@cell/ufadas/adas/adf0l/gex#h0/ gex#h0_oldihe?. dat Browse/hnm/

Receiver — Neutral donor -
Nuclear Imitial Final KNuclear Please 4fmiput following receiver i mmation: -
Sywbol char ion char ion char Symbol char "
9 9 i i/ Atomic mass number of receiver 4.0

HE 2 2 1 H 1
Input beam and spectrum line information:- Input plasma parameter infommation:-
_)Bean paraneter infnmatK Ton temp. (e¥) : |i5.0e+03 Elec temp. (e¥) : ‘5 0e+03
N ) observed spectrum lines 6 7
O P CReEGy pERetAmD Ion dens. {on-3) : |2, 5e+13 Elec dens. {cm-3): 5, 0e+13
Z effecti : ] . B Magn. (T :|] o
Required emissivity predictions shiective 2000 m 800

INDEX L =
11";{’:{ N lxi N Key J Select charge exchange theory : Use input data set |
4 3 1 8
feleat dover stabe
y ; Select emission measure model : Charge exchange |
T~ T
\ Edit Table Is rate table printing required? Ng, |
Note: maximm allowed N quantum mo. : 20

winimm allowed N quantum no. :

EKey: 1 = Graphical and tabular output (max. 2}
2 = Tabular output only (max. 5 non-blank entries)
Blank = Swmary only

\ Edit the processing options data and press Done to proceed

\
Cancel M

16. Enter the plasma environment parameters. These deterthie
collisional redistribution of the populations of theambined plasma
ion. For ADAS308,B Magn. has no effect, but a value should be
entered as a place holder.

17. The final sub-window allows model and theory choices.taleare
given in the ADAS Manual. For each type, clicking on thlection
window drops down a short menu of choices. Click oraffpgopriate
choice. The ADAS data base source numerical datgpef ADFO1 is
the most usual, that is thése input data set choice button. Note that



18.

19.

the Select emission measure model choice include&lectron impact
excitation as wellas Charge exchange.

Extended information on the rates used in the populaiton lfimgde
may be printed.

Clicking theDone button causes the next output options window to be
displayed. Remember th&ancel takes you back to the previous
window.

The Output options window is shown below. Note that two plots are produced if
required. ThePlot A is the stick diagram of component line-of-sight emissis.
The Plot B is of the Doppler broadened profile of the line at piasma ion
temperature.

1.

/l]it_;File Nawe: fafs/ecell/n/adas/adas/adfll/gexthl/gexthl_oldihe?2. dat |Bruwse l‘.:mmentsl

As in the previous window, the full pathway to the fieing analysed
is shown for information. Also th&rowse comments button is

available.

Graphical display is activated by ti&aphical Output button. This
will cause a graph to be displayed following completiothif window.

When graphical display is active, an arbitrary titl@ymbe entered
which appears on the top line of the displayed graph. Butegraph

scaling is adjusted to match the required outputs.

OUTFUT OFTIONS

% Graphical Output
/'

Select Device

L — Graph Title ‘v

Post-Script

_| Explicit Scaling

/' Plot A:

Plot B:

Post—Script

_| Enable Hard Copy _| Heplaos

HP-PCL
ol o " RevpmdiA 2 " HP 6L
Yewin ¢ (] Yewan o (1
Fewin o (] Sewan o (1
4
//

Feie Hame

4 _| Text Output _| Beplacs Defaadt Fils Naneg

File Nome |”

Done

‘ Cancel




3. Press thdéxplicit Scaling button to allow explicit minima and maxima
for the graph axes to be inserted. Activating thigdoumakes the
minimum and maximum boxes editable. Plot A axes lingtsrrto the
‘stick diagram and Plot B axes limits to the Doppleydatened profile.

4. Hard copy is activated by th&nable Hard Copy button. The File name
box then becomes editable A choice of output graph platiévices is
given in the Device list window. Clicking on the reeuair device
selects it. It appears in the selection window aboeeDhvice list
window.

5. TheText Output button activates writing to a text output file. Thie fi
name may be entered in the editable File name box iMa¢Output is
on. The default file name ‘paper.txt’ may be set by pngstie button
Default file name.

TheGraphical output window is shown below

3. Printing of the currently displayed graph is activated byPttet button.

RAPHICAL OUTPUT -

— B
INDEX  FRACTION

4
LENGTH {A

Extended CXS capabilities

The charge exchange spectroscopy modelling capabilfti®®AS are still extending. This is largely
motivated by the need to cope with heavier receiver ieiysnd argon, which may be partially ionized.
Attention is drawn to two new codes ADAS315 and ADAS316nywkubroutines have been added or
modified to accommodate the new capabilities. The siseuld check the detailed release notes in
item 4. A number of subroutines have modified paransetsr.

ADAS315: Preparation and extraction of universal ad  f49/adf01 CX cross-section data

This is a straightforward code which creates and ADH@Ifdr a specific ion of an element from a z-
scaleable universal dataset of format ADF49. There cmly two datasets of AD49 format



corresponding to H(n=1) and H(n=2) donor respectively. The sgeen is shown below followed by
the output screen. A choice is possible of output ergergié is to be noted that in the level of
approximation of the universal ADF49 data and the bundle-ficafipn models, only the residual
charge of the recombining ion is relevant. For thé migshells of importance, the Rydberg electron is
effectively in a hydrogenic state in the Coulomb fieldlwf residual charge. The ADF49 datasets are
subject to change as more fiducial data becomes avaitaiidethe opimising of the z-scaling
paramterisation is reworked. At this stage ADAS315 and ARI&Sare enabling a first look at the

heavy ion CXS.

pt ADASIS INPUT

Choose adf49 universal file:

Data Root I_}?a();za<>}m<><_;{exsixz afadfqld/

Central Datal User Datal -/ Edit Path Hame

=%

|_;-,urf0nh07n1. dat

arf07#h0_nl.dat

Data File

Browse Commentsl Cancell Done

Running ADAS315 (an IDL only) code, available also a¢bmmand line, in a script allows output

ADFO0L1 files to be generated rapidly for a set of ioharoelement.

) ADAS 315 OUTPUT = g%
Beam energy {(units: keVW/amu)
Receiver 20 : INDEX Beam cnergy A1
1 0.01
Receiver 21 : |10 g ggg
4 0.10
5 0.20
[ 0.50
7 1.00
. 8 2.00
Include L parameters : g c o0
~ 0 10.00
Lo 11 15.00 /
~ YES =
Edit Table |
Clear Table
Default Energies
Scaled Energies
7 adf0l file [” Replace Default File Namel
File Hame : I_}adasBlS_adfOl.pass
Choose output options
| Cancell Done




ADAS316: Charge exchange spectroscopy — process eff  ective coefficients: bundle-n

The code calculates charge exchange effective emissitiitiends of format ADF12 from and input
ADFOL1 file, probably created by ADAS315.

The code requires a driver data set and, for bundleADKS, these have historically been archived in
ADF25.




A new sub-directory /a25 p316 has been assigned and a temgidlesign of the driver has been
carried out. Also a new read routine exploits the nevedsifully. We would like to move to this type
of driver in the future, where there is substantial guiddandhe user in the fields and mnemonics used
in the driver. The driver allows scans over pararseterbe specified. In fact the driver is quite
versatile and appropriate to all type of bundle-n calamrdati We shall exploit it further for
Bremsstrahlung + free-bound continuum iand quasi-continuumRydhberg line contributions in the
future.

The output screen follows a usual pattern. Output ADF26bftinelle-n population solution), ADF12
(charge exchange effective emission coefficients) and Affedure emissivity coefficients) may be
produced. For heavy species CXS, because of the veryrangeer of transitions between highly
excited states, the ADF40 format becomes more useful AD&12. A graph of the bundle-n-
population solution, at the reference plasma paramétesally at the centroid of the scans) is
generated and shown with the free—electron capturelsudie exchange capture parts separated — as
illustrated below.

ADAS3I1E : Overview of reference case =a%

=11

ve n—ahell

{ 101.9, 0.09809)

Print | Cancel | Done |

Beam stopping and emission

For a neutral beam speciéd being stopped by fully stripped impurity species and elestimrthe
plasma, the stopping coefficient is the effective loge caefficient of electrons fromA . This
corresponds closely to the effective ionisation repefficient or collisional-radiative ionisation
coefficient from the ground state &k , where charge transfer losses as well as directaitmislosses



are included. It is usual to write the coefficientémts of the plasma electron dendily so that the
loss rate isN_ S

One can apply almost the same modellelling approachydrogen (or helium) atoms in a thermal
plasma or to hydrogen atoms in a beam. The practis@hation is made by the assignment of a
translational velocity for beam atoms. This velpé#t incorporated in the integrals of beam patrticle /
plasma particle cross-sections over the Maxwellianridigions in the thermal plasma. For hydrogen
forming part of the thermal plasma, the translationkdoity is set to zero. In the latter circumstance,
ion impact collision rates are very small compared velectron impact rates. Also recombination
(both free-electron capture and charge exchange capturejnbesignificant processes. For the
hydrogen atoms in a fast beam, recombination iselevant and although formally present is ignored
in the results. However the translational velocity o@ke ion impact collisions more important than
electron collisions.

For hydrogen or hydrogenic ions in a plasma, the larggksion cross-sections are those for which

n=n'and I=k1. For these cases the transition energy is neartyand the cross-sections are so large
for electron and ion densities of relevance for fudiwat it is very good approximation to assume

relative statistical population for the I-states. THas hydrogenic systems only populations of

complete n-shells need be evaluated,hilmale-n approximation. The equilibrium populations of the

n-shells, N, are the solution of the statistical balance equations

Z[A‘l'ﬂn + U(V) Bn'ﬂn + Ne r(1'eln + Neqr(1")3n] Nn'

+Z[U(V) Bn"ﬂn + N © n + Neqr(1pln] Nn"

evn"-
n"<n

+NN,a® +NZN,a® + NN, [u(v)B, _dx
:{Z[L( I& Bnﬂn' + Ne r(i)n' + Neqr(ﬂ)n']

n'>n

+ Z[Ahﬂn” + U(V) Bnﬂn" + Ne r(i)n” + Ne r(ﬂ)n"]
n"<n

+[u(V)B, ,dx + Ng¥?, + NP IN,

e in-¢& n-

N is the population of the stat¥ ™" and N, of the parent ionX . N, is the free electron

n
density ande the free proton density.A and B are the usual Einstein coefficienq;(,e) and q(")

denotes collisional rates due to electrons and promfﬁ%,and a,(f’ denote radiative and three-body
recombination andi( V) is the energy density of the radiation field. Thisrene such equation for

each value of n from 1 te. The equations may be extended by including reactiorater impurity
ions additional to the protons. The radiation fieldgance in the equations is not of direct relevance to
hydrogen population modelling in a fusion plasma, but it @exploited in a purely technical manner
to separate the influence of different driving populaionthe collisional-radiative sense.

Population results and preparing tabulations

ADAS 310 is the primary code for evaluating beam stopping amids@n coefficients for hydrogen
beams. Itis too slow in execution for a direct linkrtter-pulse experiment analysis and so it is used to
prepare tabulations of effective beam stopping and bedssiem coefficients for subsequent look-up.
The effective coefficients are most sensitive ®lteam particle energy and the plasma ion density and
less sensitive to plasma ion temperature and Z-eféectBuitable tabulations can therefore be built on
a reference set of plasma and beam conditions, ditwensional array of coefficients as functions of
beam energy and plasma density at the reference corsditfothe other parameters and then one-
dimensional vectors of the coefficients as functioneaath minor parameter at the reference condition
of all the other parameters. ADAS310 accepts as inputldfieition of these scans, establishes an
extended list of cases required to achieve these scanghandexecutes repeated population



calculations at each set of plasma conditions in e ADAS310 can compute the populations for any
mixture of light impurities (hydrogen to neon) in thagha. It is impractical to deal with all possible
mixtures of impurities. It is our usual practice to @ke ADAS310 in turn for each light impurity
from hydrogen to neon treated as a pure species. Thkednspecies effective coefficients are
constructed from these pure impurity solutions by thertteal data acquisition routines. The main
population output is very complete and in principle contafisinformation on possible emitted
spectrum lines up to very high n-shells together withh hohisation and recombination collisional-
radiative coefficients. It is archived as ADAS datanfat ADF26. ADAS310 can also produce
directly the final tabulations of beam stopping coeffitiaccording to ADAS data format ADF21,
however this is normally done using the post-processgram ADAS312.

ADAS304 is the interrogation code on the beam stoppingicieff data base ADF21. It also works
with the beam emission coefficient data base, wihéclof identical organisation to the stopping
coefficients, and is assigned to ADF22.

In creation of compact interpolable datasets of type AD&2d ADF22, some simplifications are
made. The stopping coefficient data sets for each inymp#cies are calculated as though that species

alone is present in the plasma. For spe#{e$, of nuclear charge,, of number densityN (Z"), the
electron density used in the stopping calculatioNis= ZON(Z") consistent with charge neutrality.

Let the stopping coefficient for the impurity speci¥s ® be Ség %) then the loss rate is

NeSéQ ,x)(EE}, N (%) ’T(Zo)) — Nest(;é ,e)(EB , N (%) ’T(Zo))
+N(20)Séé ’ZO)(EB1 N (z0) ’T(Zo))

distinguishing parts driven by excitation from the grountesiéA by electron collisions and b)X "%
ions respectively. The coefficient is

A X — A
SéR )(EB1 N (%) ’T(Zo)) - SéR e) (EB,N(ZO) ,T(ZO) )
+(L/2)Sp ) (Eg N T)
The density dependence of the collisional-radiativefimoerit is written in terms of the impurity ion
densityN #) sjince jon collisions primarily determine the cadiisal redistribution..

Consider a set of speci¢sX,™: i =1.., 1} with fractions{ f,:i =1,..,1}, in the plasma causing a
composite stopping. The loss rate may be written approiyras
N.S&'(Ea, N, T) = NSR 7 (BN, [T )+

|
2 NEISL (B N, T))
i=1

= 3 N [S49(Ey N, T+

(1/2;)SK™ (Eg N, [Tl

where

| | |
Ne :Z Ne,i :ZZOiN(ZOi) = I\II (qu f|)
i=1 i=1 i=1
defines the proportions of the electron density cbated by each impurity species.

|
From an ion collisional redistribution point of viewy & composite plasma thz ngNIEZ"k) z-
k=1
weighted density sum is meaningful so the equivalent dewsitthe single impurity Xi+ZOi to
correspond to the summed impurity ion density for thipee is

|
N oo = N, (Z z f) 17
k=1
and the equivalent electron density is



(201 )euiv _ N
NaZOI urv _( : e

YZg fe Kt
k=1

ADAS310 evaluates the stopping & emission coefficientsa asinction of electron density. The
approximate composite stopping coefficient is assembted the pure species coefficients as

| .
R (Bar N T) = 212 TSR ™ (Bg NG T)T(

i=1

)220 2

|
D 7 fy)
k=1

The prescription outlined is equally applicable for therage and handling of beam emission
coefficients.

ADF21

reference stoppir stopping
coefficien specie referenc
\ / temperatur
9 / SVREF=1. 798E- 07 / SPEC=F / DATE=19/ 03/ 97 S310
25 25 / TREF=2. 000E+03
-------------------------------------------------------------------------------- energ’
5.000E+03 1.000E+04 1.500E+04 2.000E+04 2.500E+04 3.000E+04 3.500E+04 4.000E+04 Scar
4.500E+04 5.000E+04 5.500E+04 6. 000E+04 6.500E+04 7.000E+04 7.500E+04 8. 000E+04,
8.500E+04 9. 000E+04 9.500E+04 1.000E+05 1.050E+05 1.100E+05 1.150E+05 1.200E+05
1. 250E+05
1.000E+12 2. 000E+12 3.000E+12 5.000E+12 6.000E+12 7.000E+12 8. 000E+12 9.000E+12 densit
1.000E+13 2. 000E+13 3.000E+13 5.000E+13 6.000E+13 7.000E+13 8. 000E+13 9.000E+13 €— -
1.000E+14 2. 000E+14 3.000E+14 5.000E+14 6.000E+14 7.000E+14 8.000E+14 9.000E+14 scar
1. 000E+15
1.036E- 07 1.228E-07 1.330E-07 1.404E-07 1.469E-07 1.521E-07 1.557E-07 1.593E- 07
1.622E- 07 1.641E-07 1.655E-07 1.657E-07 1.652E-07 1.654E-07 1.666E-07 1.683E- 07
1.698E- 07 1.697E-07 1.692E-07 1.691E-07 1.695E-07 1.703E-07 1.718E-07 1.739E- 07
1. 766E- 07
1.043E- 07 1.236E-07 1.339E-07 1.413E-07 1.478E 07 1.530E-07 1.566E-07 1.602E- 07
1.631E- 07 1.650E-07 1.664E-07 1.667E-07 1.663E-07 1.666E-07 1.678E-07 1.696E- 07
1.712E 07 1.712E-07 1.707E-07 1.708E-07 1.712E 07 1.721E- 07 1.737E-07 1.759E- 07 2-D stoppin
1.787E- 07 L
i ) ) <«— coefficient
1.214E- 07 1.429E-07 1.542E-07 1.622E-07 1.689E- 07 1.743E-07 1.781E-07 1.821E- 07 array
1.856E-07 1.886E-07 1.915E-07 1.936E-07 1.953E-07 1.977E-07 2. 009E-07 2. 049E- 07
2.087E- 07 2.110E-07 2.128E-07 2.150E-07 2.178E-07 2.211E- 07 2.249E-07 2.293E- 07
2. 343E- 07
1.218E- 07 1.431E-07 1.544E-07 1.624E-07 1.691E 07 1.745E-07 1.783E-07 1.824E- 07
1.859E- 07 1.889E-07 1.918E-07 1.939E-07 1.957E-07 1.981E-07 2.013E-07 2.053E- 07
2.091E- 07 2.115E-07 2.133E-07 2.156E-07 2.184E- 07 2.217E- 07 2.256E-07 2.300E- 07
2. 350E- 07
1.222E- 07 1.434E-07 1.546E-07 1.625E-07 1.693E-07 1.747E-07 1.785E-07 1.826E- 07
1.861E- 07 1.891E-07 1.921E-07 1.942E-07 1.960E-07 1.984E-07 2.017E-07 2.057E- 07
2.095E- 07 2.119E-07 2.138E-07 2.161E-07 2.189E- 07 2.222E- 07 2.261E-07 2.306E- 07
2. 356E- 07
20 / EREF=6. 500E+04 / NREF=6. 000E+13 < referenc
-------------------------------------------------------------------------------- condition:
1. 000E+02 2. 000E+02 3.000E+02 5.000E+02 6.000E+02 7.000E+02 8. 000E+02 8.966E+02
1. 000E+03 2. 000E+03 3.000E+03 5. 000E+03 6.000E+03 7.000E+03 8.000E+03 8. 966E+0 |
1.000E+04 2. 000E+04 3.000E+04 5. 000E+04 3‘\\\\\\\\\\
““““““““““““““““““““““““““““““““““““““““ temperatur
2.021E- 07 2.017E-07 1.992E-07 1.945E-07 1.926E-07 1.909E-07 1.894E-07 1.881E- 07
1.869E-07 1.798E-07 1.761E-07 1.719E-07 1.706E-07 1.695E-07 1.687E-07 1.680E- 07 scar
1.673E- 07 1.638E-07 1.623E 07 1.608E- 07




ADAS304

The code interrogates beam stopping or beam emissidiicieve files of type ADF21 or ADF22.
Data is extracted for stopping by a composite plasma storgsiof a mixture of protons (deuterons)
and fully ionised impurities. The data is interpolatechgsiubic splines at selected beam energy,
target density and target temperature triplets. Minimdynpmial fits are made to the interpolated
data. The total stopping and partial stopping by eacdtiespare given. The beam emission coefficients
are handled in a similar manner. The interpolated datdisptayed and a tabulation prepared. The
tabular and graphical output may be printed and includes thegmolghapproximations.

The file selection window is shown below. Its operation is a little differermnfr
usual.

1. ADF21 is the appropriate format for use by the programAS804
(ADAS User Manualappxb-21). A root path to the correct data type
ADF21 appears automatically. Your personal data of this sijoeld
be held in a similar file structure to central ADARyt with your
identifier replacing the firshdas.

ADAS 304 (NPUT -

Input Stopping Ion File Details:-

Data Root

>
central DatalUser Data| _|Edit Path Hame® 2

?a?s{&caiEfafaéaﬁj&ﬁﬁs{aéf2Ef

Group name for input files : | bms97+h { Usually - bms97#<beam> )}

Class prefix for input member : ! { Up to 3 characters - Blank=none )

Stopping Ion List : Bed C¢6 H1 ‘\\\\\\\\\\\\\\\\\ 4

(maximum of 10) My

N Edit the processiqg/6%tions data and press Done to proce 9
Browse Commentiseselect Ion List|Cance1|Don

2. Buttons are present to set the data root to thdteo€eéntral data or to
your personalUser data (provided it is in ADAS organisation.
Alternatively the ‘data root’ may be edit explicitly.




T | Hake a Haximum of 10 selections

Cancel|D0ne|

3. A group name for the input files is entered. This isrthme of a sub-
directory of ADF21 for a particular beam species (usuallgrHe).
The sub-directory contains individual data sets forheaopurity
contributing to stopping , identified by the element syinbo

4. To increase flexibility in naming a three letter clasefix may be
added to the data set name. The primary data in ceriBAas no
prefix and so a typical data set name would be
/..Jladag/adas/adf21/bms#h/bmsih_be.dat.

5. ADAS304 allows you to select all the impurity files youshvieasily.
Click theResdlect lon List button.

6. The small pop up selection widget appears showing avasalgees.
Click the toggle buttons of those you wish to include

7. Click Doneto restore the main input widget. Your choices amve at
the Stopping lon List.

8. Clicking on theBrowse Comments button displays any information
stored with the selected data-files. It is importanige this facility to
find out what has gone into the data-set and the attribofitime data-
set.

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

The processing options window has the appearance shown below

1. The Stopping ion list is repeated for information. TBeOwse
Comments button is also provided.



_IDensity TNDEX  Ton I
Symbol ge Fraction

(TSN N

\ m | Clear Table |

°RC NG OPTIONS

Title for run: |I

Stopping ion list: Bed C6 H1
Polynomial Fittin
ol 7 2 6
] it Bolynomial wamiue %o
Select co-ordinate type for output graph:-
Stopping ion fractions:

_ Temperature

1 Be 4 0.100
2 C 3 0.100
output walues: 3 H 1 0.800
= 4
ANDEX  Output Input Dutput Input |
Beam Beam Electron Elect J [l
Energies Energies Densities Densi 5
_—— {Units : e¥) (Units : e¥) (Units : cn-3) (Unit BElE Arelile |
5.000E+03 6.00DE+13
1_0001;04 MIN RANGE G.I]I]I]E:B MIN Hote: Total fraction should = 1.00
1.500E+04 6.000E+13 Tk {Otherwise values will be renormalised)

T~ Edit Table |

Cancel E

2. The extracted data for a selected ion is interpolateddupi spline at
user selected plasma parameters for graphical display amdait
output. Additionally a polynomial approximation may obtdinay
making the appropriate selections.

3. The selection of beam energy, density and temperatusef@etata
output must be made. The source values are held as onesubad
scans relative to reference values for each impséfyarately. The
minimum and maximum for each impurity is shown in thguit
columns. The table may be edited by clicking onBti¢ Table button.

4.  Default Output Values andClear Table buttons are provided.

5. A choice of which parameter of the input model set toassthe x co-
ordinate of graphs is given. Click on the required button.

6. The mixture of species contributing to the stopping seabled at d).
This again is an editable table. Cligklit Table to pop up the ADAS
Table Editor. The required fractions may then be edter
Normalisation to unity takes place.

7. The Exit to Menu icon is present in ADAS304. Clicking th2one
button causes the output options window to be displayed. eRésr
that Cancel takes you back to the previous window.

TheOutput options window is shown below.

12. Graphical display is activated by ti@&aphical Output button. This
will cause a graph to be displayed following completiothidf window.
When graphical display is active, an arbitrary titl@ymbe entered
which appears on the top line of the displayed graph.

13. By default, graph scaling is adjusted to match the requitgduts.
Press théxplicit Scaling button to allow explicit minima and maxima
for the graph axes to be inserted. Activating thigdoumakes the
minimum and maximum boxes editable.



4 OUTPUT OPTIONS

IIT Graphical output

Graph Title |}

Beam enerqgy plot:-

| Explicit sealing | . . [7 o
R T 1 SRR D

3 .
W Enable Hard [:W_ \ Select Device

Post-Script

File Mame : |?adasi}l]4_pri1metun_plut2.ps _—
Post-Scrapt

HP-PCL
HP-GL

| Text Output | Zapizoe Deiaali Fils Hame

»

Fita Hawme ‘

| Cancel ‘ Done ‘

14. Hard copy is activated by tlenable Hard Copy button. The File name
box then becomes editable. A choice of output graph motkevices is
given in the Device list window. Clicking on the reeuair device
selects it. It appears in the selection window aboveDi&éce list
window.

15. The Text Output button activates writing to a text output file. Thie fi
name may be entered in the editable File name box iMa¢Output is
on. The default file name ‘paper.txt’ may be set by pngstie button
Default file name.

TheGraphical output window is shown below

4. Printing of the currently displayed graph is activated byPitet button.



GRAFHICAL QUTPUT

> COEFFICIENT BE&K ENEI
AD PR

ULL LINE — SPLINE]

BEAM EMER

ADAS310

The code calculates the excited population structure, tieedgonisation and recombination
coefficients of hydrogen atoms or hydrogenic ions iimgpure plasma. A very many n-shell bundle-n
approximation is used. The hydrogen atoms may be p#nedhermal plasma or may be in a beam.
The latter case is the only one of relevance forrtraaual, however the full flexibility of the program
has been retained.
Thefile selection window appears first as illustrated below.
1. Enter the beam species (H for hydrogen and its isotages the atomic
charge of the beam species. Only data for neutral kpanies is present in
the central ADAS database at this time.

2. There are two data files to be selected, the expansgemrfd the charge
exchange file. The procedure is the same in both cases.
3. A special ADAS data typedf18 is used for such ‘expansion’ and ‘cross-

referencing’ files. They fall into various categori&spt in sub-directories,
according to where they map from and to. Thus the s@éotdiya09 a04
contains data sets mapping from #w#09 data type into thedf04 data
type. We shall deal with the purposes of these imithaission of advanced
population modelling in the next release. For the mommie that
bndlen_exp#h0.dat is the one needed here and it sits alone as shotirein
illustration. Always select it.

4. The charge exchange file is not of importance for nebgam stopping.
The charge exchange data set is required when hydrogen rarclactas
electron receivers from other species. You will seeeffect of your
selection here on the beam stopping coefficient butséhection is kept in
for the future. Once a charge exchange data file istedlethe set of
buttons at the bottom of the main window become active



1 Expansion File Details:-

S0O85 310 INPUT

Please enter beam species details:-—

Beanm SPECWDI ; | H  Beam species ion charge : |10.0

Data Root |_§;§ae;a:§mf_.g{m; adarsd adass adilEys

Central ]]ata| User ]]ata| _| Edit Path Name

p310_al7/bndlen_expiHi dat

Data File bndlen exp#hO.dat

/'

Charge Exchange File Details:-

Data Root |_§;§§aa:§<{§;_.g&$j adand aduss By

Central ]]ata| User Data _| Edit Path Name 4

iqex#h0/qexthl_eZp#hl 4Tat

=

Data File |gox#th0 eZpihl.dat
gexthi_e2sthl . dat
gexihl_en2 lorithb. dat
goxthl_en2 loritthed . dat

Edit the processing options data and press Done to proceed

Browse Comments Cancel| Done|

The processing options window has the appearance shown below
1. The various control parameters of the collisiondiative population
calculation are organised into three groups selected inhyrthe buttons
General, Snitches (1) and Saitches (II). These cause the appropriate set of
parameters to be displayed in the sub-window immediatelgwbéhe
switches. The default settings for these are reatoraid they can be
ignored as long as only beam stopping is the int&nttches (I) allow some



choices to do with electron collision cross-sectiand Swnitches (I1) allow
some choices to do with ion collision cross-sections.

Select which parameters to display (s General ) Switches Switches{II}
Please enter the following parameters:-—
Radiation field temperature {e¥}) : |1 8.617E+03 [Blank for default] 1
General radiatiom field dilution : |1 D.0D0E+00 [Blank for default] “/
Multiplier for ionisation cross-sections : || 1.000E+00 [Blank for default]
Multiplier for Regemorter cross-sections : |! 1.000E+00 [Blank for default]
Ionising radiation field dilution : |1 1.000E+08 [Blank for default]
Beam species isotope mass :|11.0 [Blank for default]

Select table for display:-—

Select tabhle for display:-

) Impurity information
(& Representative N-shells

P~
<X

(s Electron/proton density scan

1 Electron/proton temperature scan

Enter limits on N-shells:

Minimm N-shell:

Maximom N-shell:

Note:
The first representative
N-shell is set equal to
the minimm N-shell

L INDEX N Shell
1 1
1 2 2
U 3 3 \

_Beam energy scan
Representative H-shells

INDEX Electron density Proton density

Electron/proton densities (units: cm-3)
1 L .D00DE+12 5.000E+12
2 7 .000E+12 7.000E+12

Edit Table |

E \
| \Edit Tabl\Q |

Clea Tahl& |

Clear Table |

Enter index of reference densities :

w

Cancel M

Impurity and representative N-shell information is fieegh Click the
Representative N-shell buttons to display the appropriate sub-

The representative N-shells requires specification hef lowest N-shell,
Highest N-shell and a set of sensibly spaced ‘represezitdil-shells
spanning the range. Make sure the lowest is 1 for hydroddake the
highest around 110 and use about 20 representative levelsall Usesls up
to N=10 and then start to space more widely.

A choice of plasma and beam parameters for the scanshmusade Click
on the appropriate button to work on each scan in thiote that you edit in
a set of values and then choose one to be the refenarioe of that
parameter. The table may be edited by clicking onEtlie Table button..
The ADAS Table Editor window is then presented wite game set of
editing operations available as are described in bulteii8-94. Values
should be monotonic increasing. It has proved helpfaldoh aClear Table
button to remove all entries in the output field. Wispecifyingthe Beam
energy scan, note that a neutral hydrogen density in the bearagsested.
This is necessary to allow a mathematical separadion the various
influences on the neutral hydrogen population structure iandot an
experimental beam density. A value of ordet diOgreater is suitable for the
program operation.

Details of the switches | and Il sub-windows are showdake sure that
Access to low level data is chosen andUse beam energy informing cross-
sections. It is this latter piece of information that inforrie calculation that
the neutral hydrogen is in the beam and not in the plasma.

In the impurity information sub-window, there are twwdes of operation.
Single impurity or Multiple impurities. Click the drop-dowist button to
make your choice.



Please enter the following parameter switches:-—

Delta N range for impact parameter cross—sectioms : |2 [Max. wvalue of 4]

Inteqral order of impact parameter cross-—sections @ [Max. walue of 3]

Use Percival-Richards cross-sections MO | [WO defanlts to van Regemorter ¥X-sections]
Access special low-level cross-section data : YES
5

Please enter the following parameter switches;

Activate ion impact cross-sections T YES

Delta N range for iom impact cross-sections B IT

Use Lodge ion impact cross-sections T YES defanlts to Vainshtein X-sections]
Use beam energy in forming ion cross-sections T YES ‘

7. The multiple impurity choice enables us to investigae influence of an
impurity mixture on the stopping with greater precisi@dit in the fractions
you wish in the usual manner. Note that the impurity itherects non-
linearly in the stopping coefficient and so the linagsesposition implied by
the use of ADAS304 is imprecise. It is however very fasch is necessary
in large scale experimental data analysis.

The single impurity case has only one impurity nucleuaddition to protons present in the
plasma. The single impurity case is used to build up suehsgés iradf21. Note how the

impurity and protons fit together (equations 4.10.16 an@.%71in the ADAS User Manual).
The proton and electron density choices to be madenflignce this.

Select mode of operatiom: [Multiple impuritiesL/‘

Hultiple impurities (total fraction must be <= 1.0)

INDEX  Symbol Atowic Fraction —
HMass no. < _J
1
0
3
ol [
Edit Table |

Theoutput options window is shown below. It follows the usual pattern except tinertet is
no graphical output.

1. The Run Summary Output button activates writing to a text output file. The

file name may be entered in the editable File namewlen Run Summary

QOutput is on. If the file already exits a choiceReplace or Append may be

made. The default file name ‘paper.txt’ may be set by prgstie button




/ File Name : | aﬂaS31l]_£'paper.txt

Default file name. A ‘pop-up’ window issues a warning if the file already
exists and théppend or Replace button has not been activated.

ADAS310 OUTPUT OPTIONS

Title for rum: |.i|.]]}|.5 User manual example

W B Suwmmary Output _| Replace Defanlt File Narne|
=

W First Passing File _| Replace Defanlt File Name

File Name : | adas310_data.passl

_| Second Passing File | Heplass fedssdt ¥ils MHaes

Fiie Hame

»
|

_| Third Passing File | Beplass Befandt Fils Maes

N
\Qféz Maes o |

& Fourth Passing File _| Replace Defanlt File Nawe

I

File Name : | adas310 [data.passd

| Cancel‘ Bun HOM 4

Four additional passing files may be produced which aregblacyour pass
directory. The first passing file is of ADAS data forn#ddF26 and contains
line printer formatted pages of data, one page for eadvidndl population
structure case run. The data held on these sheetyisoraprehensive. By
appropriate choice of the parameters mentioned in theeggmg section
above and choice of input files, hydrogen in all its gaestonditions in a
fusion plasma can be obtained (beam and non-beam).

Click the Run Now button to initiate the calculations. These areirufore-
ground since they are of fairly modest duration. A thlwneter widget
keeps you informed of the progress of the calculations.




