ADAS304. Effective beam emission
spectroscopy stopping data - graph and fit
coefficient

The program interrogates beam stopping or beam emission coefficient files of type
ADF21 or ADF22. Data is extracted for stopping by a composite plasma consisting
of a mixture of protons (deuterons) and fully ionised impurities. The data is
interpolated using cubic splines at selected beam energy, target density and target
temperature triplets. Minimax polynomial fits are made to the interpolated data. The
total stopping and partial stopping by each species are given. The beam emission
coefficients are handled in a similar manner. The interpolated data are displayed and
a tabulation prepared. The tabular and graphical output may be printed and includes
the polynomial approximations.

Background theory:

For a neutral beam specieg being stopped by fully stripped impurity species and
electrons in the plasma, the stopping coefficient is the effective loss rate coefficient
of electrons from.«Z . This corresponds closely to the effective ionisation rate
coefficient or collisional-radiative ionisation coefficient from the ground state of

- , where charge transfer losses as well as direct ionisation losses are included. It is
usual to write the coefficient in terms of the plasma electron dehjtgo that the

loss rate isN_S2.

In creation of compact interpolable datasets of tiie-21 and ADF22, some
simplifications are made. The stopping coefficient data sets for each impurity species
are calculated as though that species alone is present in the plasma. For species

X% of nuclear charg&,, of number densityN ', the electron density used in
the stopping calculation iN, = Z, N®) consistent with charge neutrality. Let the

stopping coefficient for the impurity speci®’* be Sé‘ﬁ'x) then the loss rate is
N.SR™(Es N¥, T9)= NSP( & W, T)
+N@ LD (E, N9, T9)

distinguishing parts driven by excitation from the ground staté\dby electron
collisions and byX "™ ions respectively. The coefficient is

SEMI(E, N9, T9) = 829§ NP, 1)
+1/2) %% (B, N, T9)

The density dependence of the collisional-radiative coefficient is written in terms of
the impurity ion density N since ion collisions primarily determine the
collisional 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 approximately

as
NS (B N, )= NSO( B N P+
S NS H(R N T)
- 443
= Z N [S5H2(Es N, D+
(1/2,) S (&, N, T)]
where
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Ne=IZNei=|Zza N®) = N(i ) 4.4.4

defines the proportions of the electron density contributed by each impurity species.

From an ion collisional redistribution point of view, in a composite plasma the
|

Z ng N,((ZOk) z-weighted density sum is meaningful so the equivalent density of the
=1

single impurity X."® to correspond to the summed impurity ion density for this
I

purpose is

NN (S 2 )] 445
and the equivalent eIectror?ldensity is

NéiZOi)’eqUiV — ( | Ne )( i ng fk)/ Z 4.4.6

Sz fe
=

ADAS310 evaluates the stopping & emission coefficients as a function of electron
density. The approximate composite stopping coefficient is assembled from the pure
species coefficients as

L(E, N, T.)='Z[;i P& E e .'ﬂ/('g1 a

4.4.7
The prescription outlined is equally applicable for the storage and handling of beam
emission coefficients.
Program steps:
These are summarised in the figure below.

Figure 4.4
ter beam
begin zg)ppin g or select ions establish
b - contributing ranges of
eam emission .
file library to stopping data
repeat
repeat input ion fracts.
P (beam energy,
target density &
temp.) triplets
Output tables displa}y beam form spline interpolate
and graphs stopping i and minimax in one and two
end beam emission fits & >
graphs imensions

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 progpape(.txt

is the default) and the graphic file if saved (gugph.ps if a postscript file). Initiate
ADAS and move to the series 3 menu. Select ADAS304.

The file selection windowis shown below. Its operation is a little different from
usual.
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1. ADF21 is the appropriate format for use by the program ADAS304
(ADAS User Manualappxb-2). A root path to the correct data type
ADF21 appears automatically. Your personal data of this type should

be held in a similar file structure to central ADAS, but with your
identifier replacing the firsadas.

14 INPUT

Input Stopping Ion File Details: -

Data Root j‘z Fafboall S adossadusfadidiys
N
T _
central Datal User Data| _|Edit Path Name ¢—— >
3
Group name for input files ! | bms97+h { Usually - lms97#<heam> )

Class prefix for input memher : { Up to 3 characters - Blank-none )
Stopping Ion List : Bed €6 H1 v\ \ 4

(maximm of 10)

\ Edit the processing ﬂr‘(ions data and press Done to proceed

9
Browse Commentsl Reselect Ion Listl Cancel| Done| 4"”'//

2. Buttons are present to set the data root to that cEémtral dataor to
your personalUser data (provided it is in ADAS organisation.
Alternatively the ‘data root’ may be edit explicitly.

elaect Stopping lons

6
7 " "
| HMake a Haximum of 10 selections
Cancell Donel
3. A group name for the input files is entered. This is the name of a sub-
directory of ADF21 for a particular beam species (usually H or He).
ADAS User manual Chap4-04 17 March 2003



The sub-directory contains individual data sets for each impurity
contributing to stopping , identified by the element symbol.

To increase flexibility in naming a three letter class prefix may be
added to the data set name. The primary data in central ADAS has no
prefix and so a typical data set name would be
/..Jadas/adas/adf21/bms#h/bms#h_be.dat

ADAS304 allows you to seleall the impurity files you wish easily.
Click theReselect lon Lidbutton.

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

Click Doneto restore the main input widget. Your choices are shown at
the Stopping lon List.

Clicking on theBrowse Commentbutton displays any information
stored with the selected data-files. It is important to use this facility to
find out what has gone into the data-set and the attribution of the data-
set.

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

Theprocessing options windowhas the appearance shown below

1.

The Stopping ion list is repeated for information. TBeOwse
Comment$utton is also provided.

Title for rum: ||

/‘,!L-u-pr-:lnu ien lisk: Bed CE Hi

1AL By s ]

Polynomial FLELing 2 6

Salack eo-ordinata Lypa for sutpul graph:-

ADATH0E PEAOCESSING OPTIONS

walina A | B /

Stopping dom frscki A
/7 Bessity B L Tuw
S Fprbnl EHergs Fraotiom
1 5] 4 .1
z o [ 0. v
Cutput waloas: ] H 1 . 800
i
TR Oetput Tejrat: gt Tmpust
Boam B Elmcrom Elmck
LEn ] Denwitimw Denwa
3 /'/" {Wniks @ 6} (Pnits : &} (Paits : &==3) (Wait Edit Tabla
\ ;- gﬁ:ﬂ; HIN RAHEE gm:.i= I Hots: Total fraction should = 1.8
""""" LRI LR —— (DLlarwinoe valuns will b ramsrmal {osd)

4 —

7 I
Hﬁnﬂ'l Dzaus

Edit Tahla

\\‘I:Herl'nlalt Datput Valwes Clear Tahle

ADAS User manual

The extracted data for a selected ion is interpolated by a cubic spline at
user selected plasma parameters for graphical display and tabular
output. Additionally a polynomial approximation may obtained by
making the appropriate selections.

The selection of beam energy, density and temperature sets for data
output must be made. The source values are held as one-dimensional
scans relative to reference values for each impurity separately. The
minimum and maximum for each impurity is shown in the Input
columns. The table may be edited by clicking onBHi Tablebutton.
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Default Output ValueandClear Tablebuttons are provided.

A choice of which parameter of the input model set to use as the x co-

ordinate of graphs is given. Click on the required button.

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

7. The Exit to Menuicon is present in ADAS304. Clicking thBone

button causes the output options window to be displayed. Remember

thatCanceltakes you back to the previous window.

S

TheOutput options window is shown below.

1. 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
which appears on the top line of the displayed graph.

2. By default, graph scaling is adjusted to match the required outputs.
Press thé&xplicit Scalingbutton to allow explicit minima and maxima
for the graph axes to be inserted. Activating this button makes the
minimum and maximum boxes editable.

£DA5304 OUTPUT OPTIONS

||? Graphical output

Graph Title |}

Beaw energy plot:-

_| Explicit scaling
2 -

Bewinr L Ferwdii

Yemive: |} ey

3 ;
W Enable Hard Copy jRelmx:e/ \ Select Device

Post-Script

File Name : |§aﬂasiil]4_pri11cetun_plut2.ps _—
Post—Scrapt

HP-PCL
HP-GL

_| Text Output | Bapizoe Dodfsalld Fils Hame

4 >

File Home o |

‘ Cancel‘ Done‘

3. Hard copy is activated by tlenable Hard Copyutton. The File name
box then becomes editable. A choice of output graph plotting devices is
given in the Device list window. Clicking on the required device

ADAS User manual Chap4-04 17 March 2003



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 WaenOutpuis
on. The default file name ‘paper.txt' may be set by pressing the button
Default file name
The Graphical output window is shown below

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

AQASI0E GRAPHICAL CRITPUT

|E| Frint Dt

lllustration:

The output from the programme for hydrogen beam stopping in a composite plasﬁﬁal—ta"’ﬁ and

B*S is illustrated in figure 4.4a. The total stopping rate coefficient is given as well as the individual
species contributions to the stopping. The solid lines are spline fits and the dotted lines give the
minimax polynomial fits. The tabulated output is shown in table 4.4a.

Figure 4.4a
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BEAM STOPPING COEFFICIENT vs BEAM ENERGY:

ADAS : ADAS RELEASE: ADAS93 V1.13 PROGRAM: ADAS304 V1.6 DATE: 15/04 /98 TIME: 14:20
FILE : bms97#h
IONS ¢ B5 H1 HE2
KEY : (CROSSES/FULL LINE — SPLINE) (DASH LINE — MINIMAX)
T USER INPUT DATA ——————————
1078 T T T T T T T T T TTT L L L = R STOPPING ION FRACTIONS —————__
— — INDEX  ION  CHARGE FRACTION
- ] 5 0.050
— — 2 H i 0.900
L | 3 HE 2 0.050
[ ] ———— ENERGY/DENSITY/TEMP TRIPLETS ————
L - INDEX ~ BEAM TARGET TARGET
ENERGY ~ DENSITY TEMP.
= (V) (em™) (V)
» ] - - -
%/”"‘_4""‘4"\0‘0\04% LL 1 5.000E+03 6.0D0E+13 2.000E+03
CRCR — i Sl e dm
+ + E E+ . E+
o = ! ' W — 1 2.000E+04 6.0 3 2.000E+03
HHHHH 1 5 2.500E+04 6.0 3 2.000E+03
= O | 6 3.000E+04 6.0 3 2.000E+03
[} - - 7 3500E+04 6.000E+13  2.000E+03
o — — 8 2.000E+04 6.000E+13 2.000E+03
= 9 4.500E+04 6.000E+13 2.000E+03
[ — LS - 10 5.000E+04 6.000E+13 2.000E+03
0 o 11 5.500E+04 6.000E+13 2.000E+03
3 [ W — 12 6.000E+04 6.QDOE+13 2.0DOE+03
O - 13 6.500E+04 6.000E+13 2.000E+03
o / 14 7.000E+04 6.0D0E+13 2.000E+03
= — — 15 7.500E+04 6.000E+13  2.000E+03
T 16 8.000E+04 6.000E+13  2.000E+03
o 17 8.500E+04 6.000E+13  2.000E+03
S 18 9.000E+04 6.000E+13 2.000E+03
= _ W’_H‘H#H"'FH- HE2 19  9.500E+04 ODQE+13 ODOE+03
n 498 - 20 1.000E+05 6.0D0E+13 2.000E+03
= - / — 21 1.050E+05 6.000E+13 2.000E+03
= C * 22 1.J00E+05 6.000E+13 2.000E+03
ol - — 23 1.150E+05 6.000E+13 2.000E+03
o — — 24 1.200E+05 6.000E+13 2.000E+03
L - 25 1.250E+05 6.000E+13  2.000E+03
L e FITTING INFORMATION ——————————
ION TYPE DEG AGCRCY END GRADIENT
L | (%) LOWER  UPPER
BS LOGFT 3 235 0.65 0.32
Hi_ LOGFT 2 133 010 -0.29
HE2 LOGFT 2 146 054 -026
1079 L T B T ALL  LOGFIT 2 2550 013  -0.17
103 10% 10° 105

BEAM ENERGY (eV)

Table 4.4a

ADAS RELEASE: ADAS93 V1.13 PROGRAM: ADAS304 V1.6 DATE: 15/04/98 TIME: 14:32
wrexek TABULAR OUTPUT FROM BEAM STOPPING COEFFICIENT INTERROGATION PROGRAM: ADAS304 - DATE: 15/04/98 *****

BEAM STOPPING COEFFICIENTS AS A FUNCTION OF BEAM ENERGY AND TARGET DENSITY AND TEMPERATURE

DATA GENERATED USING PROGRAM: ADAS304

INPUT DATA SET: bms97#h
MEMBERS: B5 H1 HE2

BEAM TARGET TARGET BEAM STOPPING
ENERGY DENSITY TEMP. COEFFICIENT
(EV) (CM-3) (EV) (CM3S-1)

5.00D+03 6.00D+13 2.00D+03 1.22D-07
1.00D+04 6.00D+13 2.00D+03 1.35D-07
1.50D+04 6.00D+13 2.00D+03 1.39D-07
2.00D+04 6.00D+13 2.00D+03 1.41D-07
2.50D+04 6.00D+13 2.00D+03 1.41D-07

NOTE: * => BEAM STOPPING COEFFICIENT EXTRAPOLATED FOR ENERGY/DENSITY/TEMPERATURE TRIPLET.

BEAM TARGET TARGET ---- BEAM STOPPING COEFFICIENT (CM3 S-1) ---eerrrecmecrceeee
ENERGY DENSITY TEMP. B5 H1  HE2
(EV) (CM-3) (EV) (0.05) (0.90) (0.05)

5.00D+03 6.00D+13 2.00D+03 1.98D-08 9.59D-08 6.76D-09
1.00D+04 6.00D+13 2.00D+03 2.60D-08 9.92D-08 9.39D-09
1.50D+04 6.00D+13 2.00D+03 2.90D-08 9.97D-08 1.08D-08
2.00D+04 6.00D+13 2.00D+03 3.07D-08 9.92D-08 1.15D-08
2.50D+04 6.00D+13 2.00D+03 3.11D-08 9.79D-08 1.19D-08

NOTE: 1) * => BEAM STOPPING COEFFICIENT EXTRAPOLATED FOR ENERGY/DENSITY/TEMPERATURE TRIPLET.
2) ION FRACTIONS GIVEN IN BRACKETS BELOW ION SYMBOLS.
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The output from the programme for hydrogen beam emission coefficients for a

composite plasma of { Het2 and B is illustrated in figure 4.4b and the tabulated
output in table 4.4b.

Figure 4.4b

BEAM EMISSION COEFFICIENT vs BEAM ENERGY:

ADAS : ADAS RELEASE: ADAS93 V1.13 PROGRAM: ADAS304 V1.6 DATE: 15/04/98 TIME: 14:22

FILE : bme97#h

IONS : B5 H1 HE2

KEY : (CROSSES/FULL LINE — SPLINE)
I —————————— USER INPUT DATA ——————————

T LA A T LA L e e e O STOPPING 10N FRACTIONS ———————

INDEX ~ ION  CHARGE  FRACTION

1 B 5 0.050

2 H 1 0'900

3 HE 2 0.050

[

———— ENERGY/DENSITY/TEMP TRIPLETS ————

- — INDEX ~ BEAM TARGET TARGET
ENERGY ~ DENSITY TEMP.
(em™)

MLL 8% < eV)
5.000E+03  6.000E+13  2.000E+03

’EFF'# TQ00E+04 6.000E+13  2.00QE+03
L1
FE— /WES
I / ,

1.500E+04 6.000E+13  2.000E+03
MHEZ

10 | | | I I | I I I
10 10° 10

3.500E+04 6.000E+13  2.000E+03
4.000E+04 6.000E+13  2.000E+03
4.500E+04 6.000E+13  2.000E+03
5.000E+04 6.000E+13  2.000E+03
5.500E+04 6.000E+13  2.000E+03

7.500E+04  6.000E+13  2.000E+03
8.000E+04 6.000E+13  2.000E+03
B.500E+04 6.000E+13 2.000E+03
9.000E+04  6.000E+13  2.000E+03
9.500E+04 6.000E+13  2.000E+03
1.000E+05 6.000E+13 2.000E+03

N

QORADO R LoD ORNDU RGN

10710 4

BEAM EMISSION COEFFICIENT (cm® s™)
~
5
@
I
m
T
I
5
o
o
151
IS1
™
T
I
o
o
8
™
T
o
I

1.150E+05 6.000E+13  2.000E+03
1.200E+05 6.000E+13  2.000E+03
1.250E+05 6.000E+13 2.000E+03

Ll
NINRNI RN
GRAN

BEAM ENERGY (eV)

Table 4.4b

ADAS RELEASE: ADAS93 V1.13 PROGRAM: ADAS304 V1.6 DATE: 15/04/98 TIME: 14:34
*eek TABULAR OUTPUT FROM BEAM EMISSION COEFFICIENT INTERROGATION PROGRAM: ADAS304 - DATE: 15/04/98 *****

BEAM EMISSION COEFFICIENTS AS A FUNCTION OF BEAM ENERGY AND TARGET DENSITY AND TEMPERATURE

DATA GENERATED USING PROGRAM: ADAS304

INPUT DATA SET: bme97#h
MEMBERS: B5 H1 HE2

B 5 0.050
H 1 0.900
HE 2 0.050

BEAM TARGET TARGET BEAM EMISSION
ENERGY DENSITY TEMP. COEFFICIENT
(EV) (CM-3) (EV) (CM3S-1)

5.00D+03 6.00D+13 2.00D+03 3.13D-10
1.00D+04 6.00D+13 2.00D+03 3.10D-10
1.50D+04 6.00D+13 2.00D+03 3.41D-10
2.00D+04 6.00D+13 2.00D+03 3.81D-10
2.50D+04 6.00D+13 2.00D+03 4.32D-10

NOTE: * => BEAM EMISSION COEFFICIENT EXTRAPOLATED FOR ENERGY/DENSITY/TEMPERATURE TRIPLET.
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BEAM TARGET TARGET - BEAM EMISSION COEFFICIENT (CM3 S-1) --rcrememeeeece
ENERGY DENSITY TEMP. B5 H1  HE2
(EV) (CM-3) (EV) (0.05) (0.90) (0.05)

5.00D+03 6.00D+13 2.00D+03 1.03D-10 1.74D-10 3.56D-11
1.00D+04 6.00D+13 2.00D+03 9.86D-11 1.73D-10 3.80D-11
1.50D+04 6.00D+13 2.00D+03 1.09D-10 1.90D-10 4.19D-11
2.00D+04 6.00D+13 2.00D+03 1.18D-10 2.16D-10 4.66D-11
2.50D+04 6.00D+13 2.00D+03 1.30D-10 2.50D-10 5.24D-11

NOTE: 1) * => BEAM EMISSION COEFFICIENT EXTRAPOLATED FOR ENERGY/DENSITY/TEMPERATURE TRIPLET.
2) ION FRACTIONS GIVEN IN BRACKETS BELOW ION SYMBOLS.

Notes:
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