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ABSTRACT 

A description of a simple interactive fitting procedure is given 
which uses line profiles calculated for highly stripped ions, i.e., 
hydrogenic, helium-like and lithium-iike species. Information on the 
calculation of these profiles is provided. The experimental data is read 
from disk, so any appropriately formatted data can be referenced. 
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I. Introduction 

The use of spectral-line profiles as a diagnostic tool for plasma 
electron density has been well-documented since the hydrogen n = 2 to n = 
A transition, H 6, was first used as a measure of stellar atmospheric 
electron density. In our case we are interested in more than the 
hydrogen-line profiles. We attempt to use certain hydrogenic, helium-like 
and lithium-like profiles that are emitted by ions in various plasma 
sources. Our attention is focussed on the line shape as a function nf 
plasma electron density, n , since jrf the line emission is optically 
thin, the fit between the emitted profile and the theoretical curve 
should yield a measure of the plasma density. Unfortunately, in 
practice, there are many assumptions which must be proved valid before we 
can give any clear indication of the accuracy of the n determination. 
These assumptions are: 

A) The line shape is not dominated by instrument function, i.e., the 
instrument width << intrinsic line width. 

B} The temperature of the ptasma can be ascertained to a degree of 
accuracy to ensure that: 

1) The temperature variation of the collisional broadening does 
not modify the profile, so the same fit is obtained for a wide 
range of n within the temperature range, and 

2) The thermal Doppler effect should be small compared to the 
intrinsic width of the line profile. If this is not true, the 
line is a temperature diagnostic. 
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C) The line is optica.'ly thin, so the width, and shape, are 
functions of local plasma conditions, not the radiation 
transfer. (For methods where optically thick lines can be used 
as a diagnostic, see Appendices). 

D) The quality of the data and theory justify the degree of accuracy 
derivable in the fitting procedure. (For a method of analyzing 
noisy data see Appendix 1). 

If these constraints have been met, the line shape with its various 
features, e.g., slope, width and adjacent components can be an accurate 
diagnostic. However, in reality, only in experiments specifically 
designed to do line-shape studies are all these requirements met. 
Therefore, the nature of this fitting procedure is to facilitate 
line-shape diagnostics in both the ideal and normal cases. 

II. General Comments on the Program 

The program, called FIT, and the controlee RUNFIT can be found on 
.575314:RWLE£. It is an FTN program and runs compatibly with the line 
profile programs described in document UC1D =18876. The basic 
requirements are to have an experimental data set wit,;; two header lines 
and spectral data, one energy and intensity per line (energy in Ev), ana 
some theoretically calculated profilas (the calculation of which are 
described in UCID-18876) both on disk. One starts the program, inputs 
the data interactively, initiates the fitting by lining up the two sets 
of data, and proceeds to fit the profiles by monitoring TMDS frames. 
This procedure can be repeated fjr new data, either experimental arid/or 
theoretical. The output is a picture file of the fits, which can be 
viewed using UXTV, and a print file TOUT, which contains hardcopy of all 
the fitting performed in a run. 

III. Running the Program 

Note that FTN produces prompts, i.e., a "?", when it wants data; and 
further, it accepts free format input either space, or comma delimited. 
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However, if H items are asked for, n entries must be maoe, except when 
carriage return (denoted CR below), whicti implies a default is acceptaQle 
for tne entire input string. 

Tile program is most easily discussed in three sections: 

A) input 

1) Experimental Data Set (ii'i Default) 

Hnen the progrd::- surtb, the first input is the experimental 
data set name, which must i>e nc greater than 10 characters. Th ;s 
raust be entered; there is no default. 

2) Instrumental tine Shape (Default Allowed) 

The ne/.i input is tne in- tnjment nalf-nalf wiutn, in tV, and 
m e type of instrument function 1 = Lorenizicn, 0 = Gaussian. 
Tne default, i.*_-., a Cf< response, yielus a Loreniztian with a 
nalf-iiulf wioth of .0i;S tV. 

3) Profile Information (No Defaults) 

lne request for input profile information requires tnree 
numoers: 

a) input Profile Number: 

fnis is tne number aenoting wiiicii transition of a 
particular element is required. See Table I for the full 
1ist of numbers. 

b) Element: 

fnis is request for tne ion species type; 
1 - ryurogenic, <L = ne1ium-1 ike, J = lithium-like. 



Note: tne numuer must correlate correctly with the 
tneoretical data set (see II.A.4 below), or the 
input data will be read incorr&ctly. 

c) Energy: 

T i i i s i s t u t l i n e c e n t e r energy of t l ie t r a n s i t i o n o f 

i n t e r e s t 11 yui. -.now Luat t h e r e i s an o f f s e t in tr.e 

Hu tu . r i r s t LULL- tn ruuyn p u i u . u , t n e r e a f t e r hav ing seen 

U u t j , dn u i l s i . t can LiL- i np i i t isee J i . i i . u e l o w j . Th is can 

Speed up pruyrai. i execut : o n . 

4) Theon. ' - i f a', u-i'-u i e t ; •'.' " c f a u l t , 

T n i i i s me ncii.t- or mi? aiSK f i I t m a t c o n t a i n s tne o m a to 

be t i L. ! i irn.it L>X ;CSS i i . j i i , o r equal t o , iu c u a r a c t e r s . 

8) i n i t i a l i z a t i u ; 

In t i n s pai t j t Liii.- code, : p i c t u r e o( oot i i t i le expe r imen ta l and 

t n e o r e t i c i l p ro f I u-s or-; s<;;wn. in._- o b j e c t i s to v e r i f y t n a t tne 

p r o f i l e s an i t . i t : . ' i . .r>--M p j s i t i j . n i-. iuicu". hav ing t o f i t mem, and 

p rov ides a <J - I I L \ '-vc.r. ; ' i i- '.a'. : . TIN.- r ie l 'KC is to snow tne 

expe r imen ta l a-jt,-. r j i ' f i v . r i • • tv._- :< j ta i t n e o r e t i c a l energy range , 

or less I I i t J.J i !i-;t e . ' . - L . ' I .L m t c - n ' i t y nun.-iai i za t ion i s done t o 

peak H e i g h t s , so a view of t io tn p re : I les snould tie o b t a i n e d . Tne 

program then .- j r i t i rs m e j i r s c i . i . . . tue aatd s n i r t tvincn i s a p p l i e d 

to t l ie t h e o r e t i c a l energy seek- t u o b t a i n t o e i t f i r s t - p a s s 

Correspondence tit-L.-..:eri me m o p r o f i l e s ) ana requests an i npu t 

o f f s e t . Tne v a l i d responses a r c : 

}) Kuiiiuer ( T , o , - J l r u i L j - . e i . a i iu tner pass i s t o De made t o S i l i f t 

tne wnolp t n e o r e t i c d i da te se t , k + numuer moves tne t neo ry t o 

n i y t i e r energy u j * imiiiLer t V . Trie .'.ext response w i l l be a 

reques t f o r a new o f f s e t . 

http://irn.it
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2) Q< indicates that tne data are lined up close enough to fit. 
Trie next response will ue for fitting information (see III. C 
Delow). 

3) -j)̂ »9a. indicates a restart with a new tneoretical data set. 
Tnis can occu r when the present data set is uuviously not going 
to fit (e.y. it is mucn too wiue when optically tnin). Tne next 
response will ue a request fur profile name ;bee II. A. 4). 

Note: Tiit offset can ue used in subsequent fits in trie energy 
input (see II. «. 3) if a conuiiun bias is founu. 

I) Fitting 

Once the offset has been determine'.;, tne energy of the 
theoretical uata is considered fixed. Now the program requires 
information on the uetai led fitting of the profiles. The 
requests in tne order of trieir occurrence aucJ the appropriate 
responses are listed belo:;: 

1) Request fur I and n/cc 

Tut information requested here is tne gtrumetrical path 
length in cm ana the ground state ion numuer density of the 
transition in numoer/cc. Tnis is used in a simple 
slab-geometry optical ueptn mooel. I = B ( l-e~ ) 
where B is tne olacK uody source function at the plasma 
temperature and t=CK.n with 9 tne line profile. 

a) CR inaicates trie values snown are acceptable. 

b) Input i. ana n/cc. 

Note: Uo not allow 1 = 0 , n/cc = 0 to be used. The 
program will fail. 



- 7 -

2) Kequest for Shift 

This is attempting to "fine tune" the relative positi u ns 
of the two profiles. Note carefully that these shifts do n o t 
permanently shift the data (unlike OFFSET-see 11. B.). T n e 

responses are: 

a) +,U,-numbers moves the experimental profile such tnat 
+ numbers move experimental uata to lower energy. 

L) ~wiH. inuical.es JL-sirc tn i i c p program. 

0) •J\>^'i. l nu icd te i desire tu input ne;•. njnoer ri,r 
theoret ica l dcto me next response v . i i l ae rur p r o f i t 
UiToriiioLiori (Set section l i . A. s.). 

3J Kequest fur infurination on Type oi f i t t i n g 

Tnere are four p o s s i b i l i t i e s with tne present program; 

s. Scaling tu i given uata po in t , 

h , . i r ' - i i nur'iila i l i a l i un, 

c. iiu iiioaii ua t i& r i s , i . e . , jus t p l o t t i ng ant), 

u. M least squares f i t . 

A) * ivumbcr indicates tiiat tne n ' experimental po in t , 
(ar r ived aL by s ta r t ing irum the f i r s t experimental puint 
fthicn overlaps tne uieuiv at low energy) w i l l De usea to 
scale the p r o f i l e s , un the p lo t an " A " w i l l appear at tn)s 
point . 

http://inuical.es
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8) 0 indicates ihat tne curves will be area normalized by 
taking only the points of overlap. 

C) - Number indicates that nothing will be done to the data 
Defore plotting. This is only useful if you believe you have 
an LTE radiator of Hxed and n/cc and nave absolute 
experimental oata since T = BI i-e_ ). 

±UL)T 
U) C£ inuicates that a least squares tit is desirtd. In 
this case the program requests information concerning wnicn 
overlapped points are to oe used. Che proyram returns tne 
first anu last point initially, fne valid responses are: 

i) II, N : (where U, N are two numbers within the 
range specified) indicates tiie fit occurs between points 
N and N . 

ii) CR: indicates the points already printed are 
satisfactory, in tnis case, the plot Mill have two "X"s 
to denote the boundaries of the fit. 

4) Kequest fur next Step 

Ine program prtnn out tiie temperature, density Jt and n/cc 
and requests information on the next step. Tne responses are: 

a) "1": inuicates stop program. 

b) "i": indicates another fit with the same aata is 
desired; the next request will be for shift (see 111. C. Z.). 

c) "3": indicates a desire to change optical depth; the 
next request will be for t and n/cc (see III. C. ~ \ . ) . 
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d) "4": indicates a desire to change theoretical data? t h e 

next request will oe for profile information (see 111.A-3-)-

e) "t>": indicates auesire to cnarigt experimental dat a set; 
tue next request mill be for experiments1 prufilt name (see 
lll.A.l.j. 

f) trt: indicates the sawe as input " L " , 

IV. Uutputs 

The outputs of the program .jr.- in t.-.o forms, Tui'b yrapns (sec F'9' ' J1 

and p r i n tou t . Jn aou i t i yn , at nit enci of a par t i cu la r run, trie ^raphi ts 
f i l e is present as a o iutli f i i u .-,ni:ii C<JM oe proceiSej oy using U/Tl'> 

AJ Pictures 

Tnere are two types of pu tu res , one for tne i n i t i a l i z a t i o n 
sequence (see i i i . K . j mo one for the f i t t i n q sequence (see I 1 I - C - ) . 

I J LOIIUH-JM P l o t Fvs to res 

nib co in .or. i s- •: I -1>- i or Hit. ti-iu p l o t s »re tne l a o e l l i n j a l l l ] t i l e 

a*eS. f i r s t , v . H,-.- li.v's'i" i e i l i.onu c j>* i i c r IS a tWO- i l i ' e 

infori.iut isii : lour, -ju . ^ p:"or i ; t - . j : : t or<c contains t " e , l j n 

type, atoiirU iui!:Lei" oiy tne i r n i ' i i u w i minSer. Line LVJP ' ^ 
temperature, ueiibiiy «no JUI/C< product for tne f i t . riupve 
the p lo t is one l ine containing information to assist i f 
est imating tne qua l i t j of f i t , tne s h i f t , tne normalized sum 
of the squares for ce ' ia t ion Detween t n c p r o f i l e s , tne 
experimental naif vi iul i and tne tneoret ica l nai f w id th . 

Further, the aDscissa is in tV ana the ordinate is in 

re la t i ve in tens i ty un i t s . 
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2) Differences in iwu Plots 

The differences in trie two p ro f i l es are the fo l low ing : 

a) Trie i n i t i a l i z a t i o n p lot nas the experimental data points 
marked by " * " and connected oy sol i d - l i ne segments. Tn$ 
t i i t ioret icu l uatd is ucuotiiu ^y a dotted l i n e . 

bj fnt t i t t in -g pluts NdVtf tuc experimental points labeled 
with an "* " ai:u tne tneoret ica l curve is a continuous l i ne , 
in add i t lu i i , i f the scal ing or least squares f i t t i n y options 
are chusen one or t,%u " A " I w i l l appear to denote tne points 
of in terest (see i l i . L . j . J . 

B) Hardcopy 

Tne file TOUT is created fur each run. it is rewound and then 
written over, so it must he dealt with oefore rerunning to oe saved. 
Trie information on the file contains the data set names, tne 
temperature and density of tne theoretical data, the type of fit and 
its parameters. Tnat is, the generalized fit is given an input 
profile I(w) and energies w. Tne final fitted oata is 

I = a * 1 { ti-ti) + B 

where 

A = scsle factor 
B = continuum level 
A = shift. 

Then the experimental data, original tneory, the new theoretical data 
and tne energy are printed. Finally, the half widths are printeg. 
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Appendix 1: Procedure fcr ODtainir/g n from tne kings of a Line. 

In certain coses, tne line cures are not reliaole either oscause the 
opacity onu n oensity are not Known or because the line core nas 
saturated the detecti' ' system. (See Appendix 2 for cases where the 
signal-to-noise ratiu is low, but a series of lines are present.) 

Smith and Peacock (J. Phys 6, JM, t U \ ) , (1979)) have pointed out that 
if one can ascertain a po'nt in the line wing, winch is known absolutely, 
then the region slightly beyond the half width can be fit and an electron 
density determined. Essentially, the method would oe to pick a point in 
the wing by using the scaling option for a series of different 
theoretical profiles. Tins requires a reasonable knowledge of the plasma 
Z, i>ut this is not crucial, (bee R. w. Lee ana A. J. Freeman, JQSRT, _24, 
4i (ii>bU) tur tne sensitivity of the rciicrofielc, which, is at question 
here, to the perturuer charge. Tnt fact m a t one can use tne full 
calculations to generate the proiile into tne near line wing is a useful 
extension of the technique. Trie fits snould oe accurate tu i!u*> j_r one 
can outain an aasolute intensity. 
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Appendix <L: Procedures for Obtaining Plasma Parameter From Series of 
Lines 

In the case wnere a series of low-signal-to-noise ratio is present, 
some optically thick and at least one optically thin, the program can be 
used to find not only the electron density but also the ground state 
number density, n,. The basic concept is to use equal area 
normalization and ascertain the best fits consistently for all lines. 

Although other fitting proceaures such as a least squares fit were 
tested, it was felt that area normalization maintained the most objective 
fitting procedure. To characterize the quality of the fit, a normalized 
sum of the squares parameter S was used. This S is defined by: 

S * £< Ve*p - Yth >Z i V w * 

and is printed out on the top of each plot. Here y and t.h are 
the experimental and theoretical points at the same wavelength, anti the 
sum is over all of the digitized experimental points. In general, a fit 
with Q = .01 is good, whereas a fit with U. = 0.1 is poor. 

The two major variables in determining the width of the observed 
emission line are n and n, for a given I. Tne gross width of any 
line is not a unique function of n and n^. The details of a line 
shape, e.g. the height of shoulders, may be a unique function of n and 
n,, but it is only the coarse features that are observable. If the 
tneory is compared with a given experimental profile, then for small 
optical depth the line width will be a function of n only, and if the 
line of best fit is plotted on graph of n versus n,«, as in Fig. d, 
it will be a horizontal line. As the line becomes optically thick, the 
same total theoretical width can be obtained with a smaller n . Thus, 
the line of best fit curves downwards as in Fig. 2. Ideally, a line of 
oest fit could be obtained for several transitions, ana they woula 
intersect at one point in the n n^i. plot, characterizing n and 
n, in the slab. 
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In fact, the line of fit is an area, determined by the constaint on y 
wnien can be taken as q < 2 u . where t| • is tne quality of the 
best fit. Thus, instead of a point in n n,£ space, an area 
should ue defined by the coninon overlapping area of several transitions. 

The maximum number density of ionization tne stage of interest can 
also be representee] on the n n. plot. If, for example, tne plasma 
is of one element of atomic density « a, ana average charge I 

h a -jr- d 

thus describing an allowed region in the n , n, parameter space. The 
end result is fit with a set of error bounds indicating the quality of 
the data and the sensitivity of the theory. 

Tne outputs of the program, ooth graphical and hardcopy, can oe used 
as aids in fitting line profiles witn this metnoa. 
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Appendix 3: Running Job From Source 

To obtain the program FIT from storage and run it, one needs to get 
it from .575314.RWLEE. Then, since it is an FTN program that uses 
graphic, the graphic file FTNTV80 must be used. To get this use 

EXE LASLFTN FTNTVSu DR. / T V 

To run the program, use the following: 

FTN (I=FIT,L=0,CNAME=RUNFJT,SW=S. GLlB=FTNTV<lO,Gu) / T V 

This will create the controllee riUUFIT ana start execution of tne jou. 
The compilation listiny is on "0". 
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Appendix 4: Obtaining Hardcopy of Plots 

In general, tne p lot f i l e s w i l 1 be UX f i l e s with names lu .J 
uALFTNUOciU. The f i l e s can oe processed in any manner, nowever, the 
ent i re UX f i l e processing system is not well-cLcunientea. Here are two 
simple rhoices: 

1) UXTV w i l l Snow trie pictures again. 

it) UXKJ w i l l jerd tiiu.ii to aci Ku t l . Tne- .'iiput hue Here i s : 

UXHJ 27(KJET 3 ) , UMRW, FAMILY., UALFTNb08li{DUtS'-J F i l e ) , 

NORM, V.UUI. . / 3 b t-il. 

Tne graphs will then t it on one versatec page. 
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Taule 1 - Key to Input 

TKKftSiTitM HUntiiK tUHtHT NUMBER 

I = Lyman (i 

Z = Lyraan f- 1 = Hydrogen ic 

i = Lyman "i 

<J - Lyman o 

b - Balmer u 

6 = iia!mei" ? 

1 = I s 2 ] S - ls?p ]P o 

I = lsd *S - I S J P ' P i- = Hel ium-l ike 

j = i s 2 's - ls4p'P 



i = ZS-~? 

2 - c°y/i 3i 

3 = *3/.r2\ 

4 = iP ]/f-' 

*#m-s\> 

' = *itr 

> - • » > , < * * 

/v\n--> 
ll) = ^Pj , - i l 

-Y? -

NulMitrt CLti-iti.T hUhBER 

o - £•$-•,*• ) t n i um- ) i»ce 
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SAMPLE EXPERIMENT INPUT FILE 

538 LIME s. CSOfl.J 
1 SHOT 80090504 sues 
a £VW£W> ?r rcvx 
3 iZ. t . 02650750E+00 1. , 02992399E+07 
4 c • , 0267197t'i+00 9. 09302601E+06 
5 (Z a ,02693207E+00 8. 40534554E+U6 
6 c • ,02714444E+00 8. 17915467E+06 
"7 £-, 0 2 7 3 5 6 8 7 E + 0 0 8. 59371253E+06 
8 •z, • , 02756936E+00 8-51728462E+06 
9 iZ. 1 ,02778191E+00 1 • , 89837018E+06 
10 iH « , I.I£799452E+00 y • 27759559E+06 
11 iZ. * , 0 2 8 2 0 7 I 9 E + 0 0 8- 1749714t.E+0fc. 
IS iZ. • , 028Jt992E+00 -7 17470955E+U* 
13 •z. • , 028*3270E+00 5. 99938549E+0* 
14 jZ> • , 02884555E+00 5. ,38121753E+06 
15 iZ. • , 02905845E+00 4. 92032303E+06 
14 c • , 02927142E+00 4. 74637518E+06 
17 iZ. • . 02948444E+00 4. 40869623E+06 
18 iZ. a , 0 2 9 6 9 7 5 2 E + 0 0 4. 35621792E+06 
19 •z. • 02991067E+00 4- ori7Z96iE+ae 
2 0 C m 03012387E+00 3. 41025551E+06 
•..ETL 



SAMPLE PROGRAM EXECUTION 
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RUMF IT 1 0 £ U 
TYPE TMI'S M P N I T O R NUMIEP! 7 3 £ 
INPUT E X P E R I M E N T A L T'ATRI SET NAME 

'• E F 0 5 0 4 M 
I N P U T INSTRUMENT U I I ' T H I N E " «Nt ' TYPE " l = L O P £ = 5 f l U i S ' 

• . £ 5 - 1 
I N P U T P R O F I L E NUMfER • ELEMENT liNI" E N E P S i ' P ' 1 

" 1 1 0 
I N P U T MANE DF TMEQRETICf tL I 'ftTfl =ET 

" S I 1 1 T 1 F £ 3 
INPUT MEM JHIFT '+ MDI'EJ THEDP . TO HIGHER ENEPSI ' OP CR IF PEPII' 

Q F F ; E T = 0 . 0 U 0 f I 

I N P U T NEW £ H 1 P T ' f MOCEs THEQP . TO HIGHER ENEB'S. ' DR CB I F REFtD 
DFF-CT = 3 . 5 0 0 0 

L ' ftWP N ' C C NOW = 0 . I'l. I N F U T I ' F I L U E ; DP CR 
" 1 E ~ 3 - lEc'O 

I N P U T S H I F T '"+ MOl'Er E FT LDUER' I T 1= NOtJ 0 . 0 0 0 0 

I N P U T +N S C A L I N G * 0 l iPEft" - N NO J C f l L I M S " CR L S P 
: 0 
T> N E « L « Hrjii N o : = . ? 5 E + 0 3 . 1 0 E + £ 4 . 1 H E - 0 £ . 1 0 E + £ 1 

l = i T O F £ = F I T ;!=N • CC 4 = T H E O R . J = H L L 

L« PiND N CC NOW = 1 . 0 O E - 0 3 2 . 0 0 E + £ 0 !HFLiT I - M L U E = DP LP 
• 1 E - 3 . 1 E £ 1 

I N P U T £ H I F T • + MD' E S E F T L O N E R 1 I T I S IJD1I 0 . 0 0 0 0 

I N P U T +M S C f l L l M t ' 0 (=iREF)« - N l id SCPiL It.<5« CR LSC" 
7 0 
T< H E ' L« PlNE N CC = . , ! i 5 E + t ' 3 . l U E + £ 4 . 1 0 E ~ 0 £ ,.1 0 E + £ £ 

1=STDF i - F I T 3=N CC 4 = T H E D P l 5 = M L L 
" 4 

I N P U T F P D F I L E H U f l l E P • ELEMENT PiNI' EI1EP'? . < Ei • 
• 1 1 £ 0 0 3 

I N P U T NRME DF THEDPE T I CPiL I ' l iTt i JET 
" S I H T 3 F £ 4 

I N F U T NEW S H I F T ' + ( I C E ? T H E D P I TD H I 5 H E P E H E P S . ' D R CP I F P E W I 
• F F = E T = 0 , onri f i 

!_' MNIi N C C NOW = l . U U E - 0 3 1 . 0 U E + £ 1 I N F U T I M L U E S DP CR 

I N P U T S H I F T ' + H D l ' E I E FT LOWER" I T I S NOW 0 . 0 0 0 0 
: 0 

I N F U T +N SCPiLIN.J.' 0 f iPEf t ' - N ND S C A L I N G " CB L EC 
'• 0 
T ' ME' L ' fiNii N c c = . 1 0 E + 0 4 . 3 £ E + £ 5 . 1 0 E - 0 £ . 1 0 E + £ £ 
1=STDP £=FIT 3=N-CC 4=THEDPi 5=RLL 
• 1 
STOP FTN 

RUNFIT LTSS TIME 5.3~£ SECONI'S 
CFU= £.44'? s,s= .033 I • D= £.:3'?0 

ALL I'DME 


