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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, sa any appropriately formatted data can be referenced.
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1. 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 =
4 trans%tion, H B, 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-1ike
and Tithium-Tike profiles that are emitted by ions in various plasma
sources., QOur attention is focussed on the line shape as a function ~f
plasma electron density, Nas since if 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 g 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 plasma 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 Ne 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.



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.q9., slope, width and adjacent components can be an accurate
diagnostic. However, in reality, only in experiments spucifically
designed to do line-shape studies are all these requirements met.
Therefore, the nature of this fitting procedure is to facilitate
}ine-shape diagnostics in both the ideal and normal cases.

11. General Comments on the Program

The program, called FIT, and the controlee RUNFIT can be found on
LB75314:RWLEE. It is an FTN program and runs compatibly with the line
profile programs described in document YCID =18876. The basic
requirements are to have an experimental data set witii two header lines
and spectral data, one energy and intensity per line {energy in EV), ana
some theareticelly 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 far new data, either experimental and/or
theoretical. The output is a picture file of the fits, which can be
viewed using UXTV, and a print file TOUT, whicn contains hardcopy of all
the fitting performed in a run.

I1I. Running the Program

Wote that FTN produces prompts, i.e., a "?%, when it wants data; and
further, it accepts free format input either space, or comma delimited.



However, if o items ore asked for, n eatries must be maue, except when
carriage return (denoted CR celow), which implies a default is acceptable

for tne entire input string.

Tne proygram is most easily discussed in three sections:

A)

input
1) Experimental Data Set (ko Detault)
Wnen tie progres: starts, tie first input is the experimental

data set name, which must ve nc greeter tnon 10 characters. This

nust be untered; ilhere is no default.
2) Instrumental Line Shape (Default Alloweo)

The next nput 1s tne in truyment nglf-nalf wivtn, in tV, and
the Lype of instrument function 1 = Lorenizien, 0 = Gaussian.

Tne default, it.4., & CR respunse, yielus a Loreniztian with a
J

nalf-nalf wiagtn ot .Uz5 V.
3) Profiie Information (No Defauits)

lne request fur input protaile information requires taree

aumDErs:
a) Input Profile Number:

Inis is tfie number denuting whicst transition of a
particular element is required, See Tavle [ for the full

Tist of numbers,
b} Element:

Iuis is regquest for tne ion species type;
1 = pyurogenic, ¢ = nelium-like, 3 = lithium-like.



R Note: tue numuer must correlate correctly with the
tneoretical data set {(see 11.A.4 below), or the

input data will be read incorrectly.
c) Energy:

Tuis is tne i1ine center enerqy of the transition of
1lerest 11 yuu wnow Lhat there is an offsel in tne
Jula, Firsel Lnie tnruuyn pul V.U, tnereafter having seen
Uutu, dn OHESet €an Lo npul (see J1.d. velow). This can

Spred up prudra.s execut:on.
4) Theorvtira) vdle Set il liefauit,

Tnis is Lne neaie o1 thee 915 §ile tnet cuntelns tne duta to

be til, 10 musl Le iess iran, ur eQuéel Lo, 1V LDaracters.
8) Initializetio:

In thls part or Lhc Cudg, 5 giClare of Doln Lhe eaperunentdl and
theoreticil profiied ars suown.  ine object 1s to verify tnat Lne
profiles ar: dn e “o¥vet posilion watngut higving to it tnem, @nd
Prov1ges ¢ Galta foCa 37 Ll Lali,  ine GSelnwo¢ 15 Lo sAcw tne
expurimental dala 11 free Liies Low Total tneoretice! energy ronge,
or less 11 iU Lo s ool errl. Tru antencily nermaiization is done to
prak neights, su & view of Luln protvies suould be obtained. Tne
prograit then weites tne L1isci (.ol the dela sulit waicn is applied
tu the theorwiical energy scele tu gblain @ vest first-pass
curregspondency Selacefl lLoe Luu prefirles) sng requests anoinput

otfset. Tz vallu responses ére:

1y humoer (r,v,-) 1ndicsies anuluer pass 19 to DE hiage to snift
tne wnule tneoretlicel Qdic Set, A + nunuer maves tne tneary 1o
nigher energy oy + uuiber tv,  Tne (Xt respense will be &

request for a new offset.
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L)

2) CR iudicates that tne data are Tined up close enough to fit.
Thne next respunse wiill ve for fitting information (see I1II. C

pelow).

3) -9v9Y, invicates a restart with a new tneoretical gata set.
Tnis can occur when tie present data set is wovicusly not going
to fit (e.g. 1t is mucn too wive when optically tnin). Tne next
response will ue a request fur profile name 1see 11. A. 4).

Note: Toe offset can e used in subseguent fits in tne eneryy
input (see 11. A, 3) if & coummun bias is fuuna,

Fitting

Once the offset has been deterwine¢, tne energy of the
theoretical uvata 1s consiaered fixed. Now the program requires
information on the uetaiied fitting of the profiles. The
requests in tne order ot tneir occurrence and the appropriate

responses are listed belou:

1) Request fur & and nfcc

Tae intoruation requested nere is tne geumetrical patn
length in cin aug the ground stale 1on numuer density of the
transition in numner/cc. Tnis is used in a sinple

- -1
kOut =B (l-e ')

where & is tue vleck body source tumctiom at the plasma

slab~gecuietry optical deptu mgoel.
temperaturce and 1=¢kn with ¢ tne line profile.
a) CR inaicates tne values snown are acceptable.
b) Input & ana n/cc.

Note: Do not allow £ = 0, n/cc = 0 to be used. The

program will teail,

-



2) Reguest for Snhift

This is attempting to "fine tune" the relative pusitiyng
of the two profiles. Note carefully that these shifts do pot
permanently shift the data (unlike OFFSET-see 11. 8.). Tpe

responses are:

a) +,0,-numbers moves the experimental profile such gpat
+ numbers move cxperimental gala to lower energy,

@f I matieades prufend Seifr wdll be used.

C) o =99dY. inuicalas Jesire €0 SiGp pragran,

) dvvy, Inuicates desire tu inpul new ngtper Tur
theoretical data ihe next responsc will 2e rur profii.

10i0rkelion {Sce Section li. A. o.).

3) Reguest for Infurmation on Type of Fitting

Tnere are four possibilities with tne present program:

& Scalirg tu & given cata point,

G
. Ared nurilgrization,
C. o mOGitications, i.e., Just plutting and,

d. A least squares fit.

A) * Number indicates insl tne uth experimental point,
{arriveu oL by starting from the first experinental puint
whicn overlaps itne Lneory at low enerygy) will pe used to
scale the prufiless un the plul an “A" will appear al tagg

point.
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and

B} 0 indicates that tne curves will be area normalized by
taking only the pvints of averlap.

C) - Wumber indicates that nothing will be aone to the data
pefure plotting., This is only useful if you believe you have
an LTE ragiator of tixed and nfce and nave absolute

THEORY
uuT

= Bli-e .

experimenial ¢ata since :[
D) CR inuicates tnet a least squares fit is desired. In
tnis case the program requests information coucerning wnicn
vverlapped points are to Le used. [ie proyram returns tne
first ang last point initially. Ine valid responses are:

i) W, N]: {whiere N, N] are two numbers within the
range specified) indicates the fit occurs betwezn points
N and N].

ji} CR: indicates the points already printed are

satisfactory, In tnis case, the plot will have two “X"s
to denote the bgundaries of the fit.

Request for iext Step.

Tie progran priats gut the temperdature, demsily & and a/cc
requests information on the next step. Tne responses are:

a) "I": indicates siop program.

b} "¢“: ingicates another fit with tne same gata is
desired; the next request will be for shift (see Iil. (. z.).

c} "3": inoicates a desire to change optical depth; tne
next request will be for £ and n/cc (see III. C. 1.).



d) "4": indicates &desire to change theoretical datss the
next request will pe for profile information (see 111.A.3.).

e} “"5": indicales auesire tu Change experimental dat@ Sei;

tne next reyuest will be for experinental profile name (Se€

LA,

£) LR: indicates tie seme a5 input "¢",

V. Qutputs

The outputs of the progran are io tao forms, Tudy grepns {see F19. 1)
and printoct, In awgilion, at e enc uf @ peruicolar run, the yrabhics

file is present as @ UisU Fide amlin Con e Grotesded Uy using UATV.

4) Pictures

Tnere are two types of piltures, one for the initialization

sequence {see jii.Y.; anu vne for the fitting sequence (see [11.C.).

1) tormon Fiol Features

b Lol Teslures 08 Lie e piols efe Lug Tabeiing ghd Ene

aieS.  FIrsl, 10 i gt eTl hend Ccoflier 15 @ Two-11iie

inforialicn 2 ioen ofr _he prufiies.  Cife gne contains thie ion

type, aluinle falbier 19 LNE Lrersition nuaoer. cine twd 15
tenperature, denhsily &0 L0/CC proguct fur the fit, ApAVe
the plot 15 gne line tentaining information to assist if!
estimating tne quality of Tit, tne snift, tne normalize@ Ssuin
of the squerss for ceriatien petween tne profiles, the

experimental nalf wiol: end tne tneoretical nalf width,

Further, the apscissa 15 in tY ang the ordinate is in

relative intensity units.
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¢) Differences in jwo Plots
The differenies in tne two profiles are the following:

a) Tne wmitialization plot nas the experimental data points
marked by "*" and connecteg by solrg~line seyments. Tng

tnegretical date 1s Gennteo 0y a dotteg line,

b) Ine fitting plols ndve the experitiental puints labeleg
with an "*" and tne tnecretical curve is o continuous lipe.
In aggityun, 1f the scaling or Jedst squdres fitting options
are cilusen one or two "a"s will appeer (o denote the points

of interest (see jli.L.3.).

£) Hardcopy

The file TOUT is created fur eacn run. It is rewouna and then
written over, so it must be dealt with pefore rerunning to bDe saved.
Tne information on the file centains the data set names, tne
temperature and density of tne thenretical data, the type of fit and
its parameters. Tnat is, the generalized fit is given an input
profile [{w) and energies w. Tne final fitted cata is

[FlT = A * 1 { W-n)+B

where
A = scele factor
B = continuum level
4 = shift.,

Then the experimental gata, original thneory, the new theoretical data
and tne energy are printeg. Finally, the half widths are printeq,
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Appendix 1: Proceaure for (Optaininrg Na fros tne Wings of a Line.

In certain coses, tne line cores dre wot relravle either pacause the
opacily uny ", aensity are not known or because the line core nas
saturated the detecti- « system. (See Appendix 2 for cases where the
signal-to-noise rativ is iow, but a series of lines are present.)

Smith and Peecock {(J. Phys o, ll, 21449, (1979)) have pointed out that
if one can ascertain a point in the line wing, wnich is known absolutely,
then the regiun slightly beyond the half wiuth can pe fit and an electron
density determined. tssentially, the method would pe to pick a point in
the wing by using the scaling option for a series of different
theoretical profiles. Tnis requires a reascnable knowledge of the plasma
Z, but this is not crucial. (>ee R. «. Lee ana A. J. Freeman, JQSRT, 24,
43 {19oV) tor tne sensilivity of the microfiele, whick is at guestion
here, to the perturver cherge. Tne Tect tnat one cen use the full
caelculatiuns 10 venerale the protile nto tne near line wing is a usevul
eatension of the techniyue, Tne fits snould pe accurate tu Zue i1 pue

can outlain an asselute intensity.
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Appenaix 2: Procedures for Ubtaining Plasma Parameter From Series of

Lines

In the case where a series of low-signal-to-noise ratio is present,
some optically thick and at least one optically thin, the program cam be
used to find net only the electron density but also the ground state
number density, n. The basic concept is to use egual area
normalization and ascertain the best fits consistently for all lines.

Although other fitling proceaures such as a least sguares fit were
tested, il 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:

) by

- . ¢
S s E( Y Y tn

exp th

and is printed out on the top of each plot. Here Yexp and t,, are

the experimental and theoretical points at the same wavelengtn, anc the
sum is over all of the digitized experimental points. In general, a fit
with ¢ = .01 is good, whereas a fit with y = 0.1 is poor.

The two major variables in determining the width of the cbservea
gmission line are R and n, for a given &. The gross width of any
1ine is not a unique function of Ne and 6. The details of a line
shape, e.g. the height of shoulders, may be a unigue function of ne and
nys but it is only the coarse features that are observable. If the
tneory is compared with a given experimental profile, then for smail
optical depth the line width will be a function of N only, and if the
line of best fit is plottea on graph of ng, versus nqif as in Fig. 2,
it will be a horizontal line. As the Tine pecomes optically thick, the
same total theoretical widih can be obtained with a smaller n,. Thus,
the line of best fit curves downwards as in Fig. 2. ldeally, a line of
vest fit coula be obtained for several transitions, ana they woula
intersect at one point in the "e’ n1£ plot, cnaraéferizing ne and
n in the siab.
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In fact, the Tine of fit is an area, determined by the constaint on {

wnicn can be taken as i {2 umin where Qmin is the quality of the

best tit. Thus, instead of a poini in Nes n]£ space, an area
should be defined Ly the common gverlapping area of several transitions.

The maximum nunber density of jonization the stage of interest can
also be representeu un the n. M plot, 1f, for exanple, the piasma
is of one element of atemic gensity .+ ane average charge £

. . _ 0.5
NI na—___~ !'Id

z

"

thus describing an allowed region in the Ng» Ny Parameter space. The
end result is fii with a sel of error bounds indicating tne guality of
the data and the sensitivity of the theory.

The outputs of the program, poth grapnical and liardcopy, can oe used
as aids in fitting line profiles witn this methoa.
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Appendix 3: Running Job From Source
To obtain the program FIT from storage and run it, one needs top 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 LASLFYN FTNTVEBU DR, / T V
To run the program, use the following:
FTN (1=FIT,L=0,CNAKME=RUNFIT,SYM=5, GLIB=FTNTV&O,Gu) / T V

This will create the controllee RUNFIT any start execution of tne joo,

The compilation listing is on "Q“.



Appendix 4: Ubtaining Hardcopy of Plots
In general, tne plot files wil' be UX files with names 1ix2

UALFTRUDBU. The files can pe processed in any manngr, nowever, the
entire Ux file processing system is not well-d_cumenteo. Here are two
simple choices:

1) UKTV will snow tne pictures again,

) URKJ will serd tnens L0 an Rutl.  Tng nput line nere is:

UXRJ 27(RJET 4), HARRDW, FAMILY., UALFTNUDBU(DUGY File),

WORM, Muui. .735 ALL.

Tne grapns will then §it on one versatec page.
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Tanle 1 - Key to Input

TS T10R HUrBLR

Lyman

Lyman

Lyman

Lynan

Balmer

Balmer

is

]52 i

Is 50

s0

SO

“o

- 1sZp’P
- lssp'P

R
- Is4p’P

LLEMERT HUMBER

1 = Hydrogenic

¢ = Helium-like
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SAMPLE EXPERIMENT TNPUT FILE

LIHE:. LS e
"HUT I_I (1] Ll_ 34 A=

B .E-le-.
& AE + e,
-.1”4ﬂ“14he+ﬂa
?_1*4“anFg+nr

I_E-H_!l]
*195+ﬂﬂ

-
¥
¥
.

FT14ce+N0
-3444E+nn

IO XN CN N K OO X OO X8 8 OO O L OO

: thH E+Hh
F. IV A+ 0
S.H0ZSSS 1+

el
. -




SAMPLE PROGRAM EXECUTION

-21-
RUNFIT -~ 10 20
TYFE THDE MOMITOR HUMEERPS:
IMFUT EXFERIMEMTAL IATR SET MAME
EFNS0da
IMFUT THETPUMEMT WILTH IH E1Y AND TVFE Y 1=L0ORP S=S6RUSS

TR
IMFUT FROFILE HUMEER « ELENEMT AND ENERG: 'Et°!
T1 10
IMFAT HAME OF THEDORETICARL IRnTA ZET

zrllTlFc
INFUT HEKW SHIFT f+ HMO'EX THEOR:Y TO HISHER EMERS¢ OF TR IF READY

OFFZET = O anog
-
v Sig o)
INFLIT HEW ZHIFT '+ NMOUEI THEOR. TO HIGHER ENER: OP TR [F PERD:
OFFTET = ER R
L AND H-CC HOW = o, i, IMFUT "ALUES DR CR
T olE~Ze 120
IMFUT SHIFT '+ MOUES E FT LDUMER: 1T 13 04 . mnan

IMFUT +1 SCHELIMEs [f SPEfAY —H HO SCALIMGs CR LS
i

Ty HEs L+ HMD M- CHSE+N LA 0E+Sd LNNE=-0Z LAE+E]
1==rvar &=FI1T = d=THEOR. S=ALL

Le AMD M CC HOM = T.IWE=NZ I, 00E+SD IMFUT 1ALUES OF <P
l1E-Zs 11
IMFOT ZHIFT ++ HMOUV'ES E FTY LOMER!' 1T 15 HNDOM 0, o

IMFUT +r ZCRLIpE s )l ARERY ~H N0 SCALILGs R LI
1]

Ty HEe+ Ls AMD t; =T = LRSE+ 0 S WIS o] L e-0S W AE+SE
1==7TOF S=FIT =M oo 4=STHEDRY SSALL

7o

INFUT FROFILE HUNMEER + ECLEMEHT AHD EMERS, ‘Bt

11 @00z

IMFUT HWAME OF THEQORETICAL DATA SET
Tor1llTviecd
IMFLIT HEWM EHIFT '+ N'ES THEOQR, TO HISHERP EHERE:' OPF TP IF RPEARD:

DFFZET = 0, KN
L AND HoCD DW= 1.00E=-02 1, 00E+J] IMFUT rALOES OF CR
IMFUT EHIFT f+ MO'E:r E-FT LOWER' 1T I3 HOM U 00

n
INFLUT 1 SCALIMEY 0 AREAY —H HO ZCALINEY R LEP

Ts MEs L» AMD H-=C = 1N+ . SCE+ST LA NE-0Z <1+
l==TOF S=FIT =M 2C I=THEORP: S=ALL
1
STOF FTH
RPUMFIT LTSEE TIME
TR e B A= zyE= I1°0= e

ALL DOHE



