
5. Ionisation and emission,
part I

● Ionisation
» Studying the temperature and density

dependent ionisation balance in more
detail

» Analysing the make-up of G(Te,Ne)
emission functions

» Setting up a personal collection of
G(Te,Ne)



Ionisation and emission,
part I (contd.)

● The ionisation balance is often a
weakness in the theoretical input.

● Code ADAS405 is provided for
examining and contrasting ionisation
balances as a function of Te and Ne.

● It has also capability for examining
radiated power and the ingredients of
G(Te(h),Ne(h)) functions



Ionisation and emission,
part I (contd.)

● Improved precision and study of
ionisation balance necessitates
consideration of the following issues:
» Relaxation time constants
» Metastable populations
» Density dependence

● Only an introduction is possible here



Ionisation and emission,
part I (contd.)

● The ingredients are stored in central
adas data classes adf11 and adf15
» adf11 contains collisional- radiative

coefficients (acd, scd, plt,prb etc.) stored
by year number and element.

» They may be stage to stage or metastable
resolved and are density dependent

» adf15 contains emissivity coefficients (pec)
(density dependent & metastable resolved)



Ionisation and emission,
part I (contd.)

● Start ADAS405 as follows
» Move to ADAS series 4
» Click button for ADAS405

● ADAS405 has the standard sequential
three screen structure, namely file
selection, processing options & output
options screens



Ionisation and emission,
part I (contd.)

● File selection
» This is more complex than usual.  The top

part selects the adf11 data for an element.
» The lower part identifies a ‘script’ file for an

element
» The script file spells out the way each line

emission function is to be assembled from
pec parts (excitation parts, different
metastables, recombination parts etc)



ADAS405 Input

D a t a  r oot

C e n t r a l  d a t a U s er  d a t a E d i t  P a t h  N a m e

B r ow s e  S e lect ion  F ileC om m e n t s D on e

   ..
N U L L
t e s t _c

/d is k 2 /a d a s /a d a s /scr ip t s40 5 /

D a t a  F i le

t e s t _c

C a n cel

e )

f)

93Ye a r  of d a t a      :

I so-e lect r on ic s eq u e n ce sym bol     :

E n t e r  d e t a i ls  of t h e is o-n u cle a r  m a s t e r  fi le s  t o b e a n a lys ed  :-

d )

AD AS 40 5  IN P U T

S e le ct  iso-n u cle a r  m a s t er  col l is ion a l -d ie lect r on ic cla ss es       :

D efa u l t  ye a r  (i f r eq u i r e d )          :

S e le ct  d ir e ct or y  b r a n ch             :

S p e ci fy  p a r t ia l  t yp e  cod e          :

R a d ia t ed  p ow e r  fil t e r   (b la n k  for  n on e )     :

M e m be r  p r e fix   (b la n k  for  n on e )   :

T yp e  of m a s t e r  fi le s        : P a r t ia l R e solve d

c

93

U s er

S e le ct

a )

b )

c)

I n p u t  L in e  a n d  A n a lys is  S e le ct ion  F i le   :-

D is p la y  d a t a  s et  a va i la b i li t y



ADAS405 Input (contd.)

OK

All requested files available from user data sets.

Class select ion and file availability :-

                                         Member  Power                        USER DATA            DEFAULT DATA (93)
Class   Year   Element     Prefix     Filter     Type       Selected  Availability        Used     Available
--------   ------   -----------       --------     -------      ------      ------------  ----------------        -------     -------------

acd       93          c                                       Rpart ial       YES           YES                 no             YES
scd       93          c                                       Rpart ial       YES           YES                 no             YES
ccd       93          c                                       Rpart ial         no              no                   no              no
prb       93          c                                       Rpart ial       YES           YES                 no             YES
prc       93          c                                       Rpart ial         no              no                   no              no
qcd       93          c                                       Rpart ial       YES           YES                 no             YES
xcd       93          c                                       Rpartial       YES           YES                 no             YES
plt        93          c                                       Rpartial       YES           YES                 no             YES



Ionisation and emission,
part I (contd.)

● Processing options
» Temperatures and densities are entered

for a model atmosphere.
» A choice may be made of which script line

to display.



ADAS405 Processing

D on eC a n ce l

f)

d )

AD AS 4 0 5  P R O C E S S IN G  O P T IO N S

E n t e r  e le m e n t  is ot op e m a s s  n u m b e r     (a m u )  : 1 2 .0

a )

b )
c)

E n t e r  h y d r oge n  is ot op e  m a s s  n u m b er   (a m u )  :

S e le ct e d  m a s t er  fi le  e le m en t   :  C

S e le ct e d  m a s t er  c la s s e s   :  AC D , S C D , P R B , Q C D , XC D , P L T

D a t a  fi le  in for m a t ion  :- E n t e r  is ot op e  in for m a t ion  :-

1 .0

T i t le  for  R u n

S cr ip t  fi le  :   /d is k 2 /a d a s /a d a s /s cr ip t s 4 0 5 /t e s t _c

B r ow s e  C om m e n t s

e )e )

S e le ct  s p e ct r a l l in e  for  a n a ly s is  :-

N u m b e r  o f l is t e d  l in e s  in  s cr ip t  f i le  :  2

/,1( 5$',$7 ,1* 180%(5 2) 7,7/( $1'

,1'(; ,21 &+$5*( &20321(176 :$9(/(1*7+

1                    0                                    4                                C I       1 5 6 1

1                    0                                    4                                C I       1 5 6 1

2                    1                                    2                                C I I        9 0 4

E n t er  Ou t pu t  Tem per a t u r e/ Den sit y d a t a

Index  Electron       Hydrogen      Electron      Hydrogen
       Output values  Output values Output values Output values
    1   1.000E+00      1.000E+00     1.000E+12     1.000E+11
   2   2.000E+00      2.000E+00     1.000E+12     2.000E+11     
   3   5.000E+00      5.000E+00     1.000E+12     5.000E+11     
   4   1.000E+01      1.000E+01     1.000E+12     1.000E+12     
           

  Tem p er a tu re U n it s   :  eV                        Den sit y U n it s   :  cm -3   

E dit  Ta ble

Defa u lt  Tem p era tu re/Den sit y  va lu es

Tem pera t u r es Den sit ies

E d i t  t h e  p r oce s s in g  op t ion s  d a t a  a n d  p r e s s  D on e  t o p r ocee d

C le a r  T a b le



Ionisation and emission,
part I (contd.)

● Output options
» Graphing of the ionisation balance, the

radiated power functions or the chosen
emission function may be selected.

» An output file of the G(Te(h), Ne(h))
functions identified in the script file  may be
produced.



ADAS405 Output
ADAS405 OUTPUT OPTIONS

Scr ipt  file  :  /disk2/a da s/adas/scr ipts405/test_c

Browse Comments

Graphica l Outpu t

Graph Tit le Figure 1

Explicit  Scaling

X-min  :

Y-min  :

X-max :

Y-max :

Enable Ha rd Copy Replace

File name  : graph.ps

Select   Device
Post -scr ipt

P os t -scr ip t
H P -P C L
H P -G L

Text Output Replace

File name  : paper .t xt

Defau lt  file name

Cancel Done

a )

b)

c)

d )

e )

Goft  Passing File Replace

File name  : goft .pass

Defau lt  file nameAppend

)UDFWLRQDO DEXQGDQFH SORW

3RZHU IXQFWLRQ SORW

&RQWULEXWLRQ IXQFWLRQ SORW

)UDFWLRQDO DEXQGDQFH SORW ��



ADAS405 graph



ADAS405 graph



G(Te, Ne) functions
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G(Te,Ne) functions (contd.)

● Two-dimensional G(Te,Ne) functions
and line ratios from different ionisation
stages are beyond the scope of this first
tutorial.
» Codes ADAS208 and ADAS409 will

provide a full capability



ADAS405 graph



Ionisation and emission,
part I (contd.)

● The most basic ADAS calculation of stage to
stage ADF11 datasets for an element uses
codes ADAS407 and ADAS408.

● ADAS407 processes mass produced ADF04
files for an element, extracting approximate
form parameters (ADF03).

● ADAS408 uses ADF03 parameters to
generate the ADF11 datasets.



Ionisation and emission,
part I (contd.)

● File selection
» This is a simple selection of an atomic

parameter file of type ADF03 for an
element.

» Martin O’Mullane (‘mm’) is our expert on
producing these for heavy elements.

» Data sets with the code ‘vm’ (Van Maanen)
come from the original JET baseline
production.



ADAS408 Input

Data root

ADAS408 INPUT

Input Dataset

Central data User data Edit Path Name

Browse Comments Cancel Done

atompars/atompars_vm#c.dat

/export/home/adas/adas/adf03/

a)

b)

c)

'DWD )LOH�

� � �

DWRPSDUVBPV�E�GDW

DWRPSDUVBPV�EH�GDW

� � �



Ionisation and emission,
part I (contd.)

● Processing options
» Te and Ne ranges must be set up.

ADAS408 forces an equally spaced
logarithmic grid.

» Radiated power coeffts. produced include
line power (‘plt’) and recom./Brems. power
(‘prb’).  The effect of filter can be imposed.

» Simple cut-off or Be/Si filters are allowed.
The output file naming includes the  filter
spec.



ADAS408 Processing

Cancel Done

a)

b)

c)

e)

f)

$'$6��� 352&(66,1* 237,216

3OHDVH HQWHU HOHFWURQ WHPSHUDWXUH DQG GHQVLW\ OLPLWV IRU VFDQV

H9

.HOYLQ

3OHDVH LQSXW PDVV LQIRUPDWLRQ ��

,QSXW HOHPHQW V\PERO � &

,QSXULW\ HOHPHQW LVRWRSLF PDVV �

1HXWUDO K\GURJHQ LVRWRSLF PDVV�

�1RWH � HTXDO ORJDULWKPLF VFDOLQJ RI WHPSHUDWXUHV DQG GHQVLWLHV LV XVHG�

7LWOH IRU 5XQ

'DWD )LOH 1DPH � �H[SRUW�KRPH�DGDV�DGDV�DGI���DWRPSDUV�DWRPSDUVBYP�F�GDW %URZVH &RPPHQWV

g)

7HPSHUDWXUH

8QLWV �
(OHFWURQ 'HQVLW\ �FP���

/RZHU OLPLW �

8SSHU OLPLW �

1R� RI GHQV� �

�����

����

���(���

���(���

��

3OHDVH LQSXW VRIW ;�UD\ ILOWHU LQIRUPDWLRQ ��

8VH D VLPSOH FXW�RII HQHUJ\ "

%HU\OOLXP WKLFNQHVV �PLFURQV�

6LOLFRQ WKLFNQHVV �FP�

&XUUHQW ILOWHU QDPH � IW����

��

�����

12

d)

(OHFWURQ 7HPSHUDWXUH �H9�

/RZHU OLPLW �

8SSHU OLPLW �

1R� RI WHPSV� �

���(���

���(���

��



Ionisation and emission,
part I (contd.)

● Output options
» ADF11 data are stored by ‘year number’.
» A year number tends to be used for an

approximation (eg. baseline unresolved
‘89’ ; advanced resolved ‘93’,’96’)

» ADAS consortium members are also
allocated decades (Garching ‘10’, JET ‘20’)

» A template file naming is built from the year
number and the power filter.



ADAS408 Output

a)

b)

c)5HSODFH 'HIDXOW�)LOH�1DPH

)LOH�1DPH��

7H[W�2XWSXW

$'$6����287387�237,216

'DWD�)LOH�1DPH����H[SRUW�KRPH�DGDV�DGDV�DGI���DWRPSDUV�DWRPSDUVBYP�F�GDW

%URZVH�&RPPHQWV

&DQFHO 'RQH

3DVVLQJ�ILOH�WHPSODWH��

3OHDVH�HQWHU�WKH�\HDU�QXPEHU�IRU

PDVWHU�SDVVLQJ�ILOHV��WZR�GLJLWV�

�KRPH�VXPPHUV�DGDV�SDVV�;;;���F�IW�����SDVV

��


