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1 Imtroduction

Given the expected large quantity of CDS spectral data likely to be taken, it is desirable to have
a guick and easy method of reducing a CDS spectrum to a set of identified lines and estimated
intensities. This note describes one such method and how it can be used to directly fit CD5 spectra.
Later in the note a direct application of some of these fitting routines is discussed to illustrate how
the software can be applied.

2 Automatic Fitting Routines

2.1 PLOT SPEC

At present, the only way into the automatic line fitting routines is via the PLOT_STEC procedure.
This takes the full CDS FITS data structure and allows the user to select by WINDOW or BAND,
EXTOSURE. and DETY {or SOLARY if the SOLAR keyword is supplied), and then display
the resulting spectrum. {The user also gets the option to digplay in WAVELENCGTH (default) or
PIXELS, and also to make a bardcopy of the pht. However, clearly, a spectrum in pixels would
oot be very useful for performing spectral line identifications!). The procedure currently hasz five
optional keywaords:-

INFQ The procedure will print the actual GT_STECTRUM command used to extract the dis-
played spectrum.

HARDCOQOPY Instructs the procedure to automatically produce a hardeopy of the extracted
gpectrum (the default action iz to ask the user if a hardeopy & required).

QUTPUT Allows for the extraction of the displayed spectrum into a simple ASCT file.

SOLAR Instructs the procedure to use SOLARY positions rather than the default DET_Y coor-
dinates.

SPEC Instructs the procedure to return a structure containing the extracted wavelengths and
fluxes. Tt & this structure that the fitting routines use.

NB: The selection by DETY or SOLARY wil accept ranges or multiple entries. So, for
example, entering “67:75,90:90" would average the 9 spectra from 67 to 75 end 10 spectra from
90 to 99 (yvou don't enter the quotes!). Alternatively, you might enter “47,75,100" to average the
three spectra indicated, or “67:75 99" would produce the average of the ten spectra 67-75 + 99.
The “" denotes a range and a “" or ™ ™ denote separators.

S0, the actual IDL commands required to extract a spectrum ready for doing an automatic fit
woull be:-

% 2 = readecdsfits ( filaname ) !read in a CDS data structura
% plot_spec,a,spacsap
A aummary of the input data
lig displayed and varicus
lopticne have to be selactad.



In the above example, PLOT_SPEC would return a structure {sp) that currently contains two
fields — sp.w is the wavelength and sp.flux is the spectrum in whatever units are in the original
flata structure. It is this data structure that is required for input to the fitting routines.

Automatic software like that deseribed below cannot be expected to make judgements on exactly
which element or atomic transistion is scfuelly responsible for a given “observed” line. However, it
should be able to {ndicofe which line or lines are closest to a given observed feature. Since a great
fleal of effort went into the preparation of the CDS “Blue Book™ line list, the fitting software defaults
to selecting these lines for comparison with the “observed™ lines. It should be noted, however, that
the complete tabulation of Kelly is also available. So, in the descriptions given below, be aware of
which line list iz actually being used. It will be either the “Kelly™ or “Blue Book™ list {normally
indicated by a “/E™ or “/b" awitch).

2.2 CDS_AUTOFIT

CDS_AUTOQFIT is designed to be a first “quick look™ at a CDS spectrum. It takes as input a
data structure such ag returned by PLOT_STEC (for instance), and then, with NO ioput from the
user, proceeds to try and find any significant {emiesion) lines in the data and fit them with simple
gaussians on a quadratic background. Tt will optionally return a structure containing the fitted
parameters (needed i the data iz to be re-plotted, for example).

% cda_amtofit, sp [, result = pfit ]

In doing the fitting and “selecting” the lines, CDS_AUTOTIT makes various assunptions on
line-width and other parameters. Tor example, it rejects any lines it finds which are either too
narrew or too broad (in its opinion!).

The fitted data is displayed by CDS TLOT TIT. If the user would like to redisplay the plot,
the actual call that CDS_AUTOFTT makes to CDS_TLOT TIT is:-

% eds_plet_fit, sp, results = rasults, /fill, /bluebock, /log

2.3 CDS PLOT_FIT

This iz a general routine for phitting a CDS spectral structure as defined by the PLOT_SPEC
routine. But it ig ako a lot more than that! It can plot on a log or linear ¥ (flux) scale; it can be
restricted to only plot a given wavelength interval; and it can overlay the CDS Blue Book or Kelly
set of lines. In addition, if the fitted parameters are supplied, it can ako plot the gaussians and
continuum for each of the lines that CDS_AUTOFIT found in the range displayed. CDS_ TLOT_ITT
takes six optional keywords:-

FILL Controk whether the fitted profiles are dizsplayed or pot {assuming the RESULTS keyword
ig ako supplied). If TTLL s not supplied, but the fitted results are given, only the positions
of fitted lines are indicated (by arrows).

BLUEBQOK Specifies that the CDS “Blue Book™ line list should be used/plotted.



Kelly Specifies that the Kelly line list should be used/plotted.
LOGPLQAOT If set, the spectrum k plotted on a log scale. {Ooly applies to the y-axis).

RESULTS Supplies the fitted parameters from CDS_AUTOIIT. (See FILL [above] for more de-
tails).

WDIFF Quly applies if the KELLY or BLUEBQOK keyword ke set. Sets the wavelength difference
tosearch for line identifications. The default value is + /- 1.75 pixels [[N ANGSTROM UNITS)
of the input spectrum.

WRANGE I set, can supply bw and high wavelength pairs for the wavelength range. Multiple
pairs are allwwed.

ALL TUsed with the KELLY and BLUERQ OK keyword to display all the lines in the list which lie
in the wavelength range displayed.

[WHB: By default, the results structure returned by the various line fitting procedures will contain
the Blue Book lines. 5o CDS TPLOT FIT can use these for immediate plotting (if the /bluebook
gwitch i specified WITH the results=r switch). But (D5 PLOTIIT can ako read in either set
of lines if necessary - which iz always the case with the Kelly line list].

So, some examples might be:-

% cda_antofit, sp , rasulta = r 'do fitting and return results.

% cds_plot_fit, sp just plot the spectrum.

% cds_plot _fit, sp, rasulta = r Iploet spactrum, and indicate linas found

% cds_plot_fit, sp, r = r, ffill Iplot spectrum, and fill fitted lines.
Ifittad 1ine intensities will also ba
Iplottad.

% cds_plot_fit, sp, /kally, fall Iplot speactrum and show 211 Kelly linas.

1fall ias needed because the defanlt acticn
lia to only identify lines close to fitted
11ines, and thera are nene in this casa!
r, /f, /b Iplot spectrum, fill fit lines, and
ldiaplay clesast BElue Bock linas.
r, {f, /& !plot spactrum, fill fit lines, and
ldisplay closast Kelly lines.
¥ cds_plot _fit, sp, r=1r, /f, 1 Iplot log spactrum, fill fit lines.
% cda_plet _fit, sp, wr = [wli,wh1,%12,%h2] !plet spactrum in two rangas;
Ifrom w1l to whl and %12 to wh2. {(Get two
lgaparata plots ol sals paga).
¥ cds_plot _fit, sp, * = r, /f, /b, wd=0.25 Iplot spactrum, fill fit lines,
land display CIZ Elue Bock lines out to
1+/- Q.25 A.

% cda_plot_fit, sp,

H
1]

H
1]

% cds_plot_fit, sp,

(NB: Keywords can be shortened to only one or two letters, provided the shortened form iz still
unigue! WRANCE will be automatically set if the resultz file iz from CDS ITTT WAVE).



2.4 CDS FIT WAVE

This iz a somewhat more specific form of CDS_ATUTOLIT in that only a single line or set of specified
lines ke/are fit, and the user specifies the precise region{s) to be fitted. The procedure allows the
user to control the actual range of data to be fit by giving a central wavelength and the option to
get the “width™ of the fitted region (data window). It also allows the user the ability to adjust the
“gensitivity” or “threshold™ of the fit. {This, basically, sets the height above the econtinuwm that a
feature must exceed for the fitting procedure to consider that there iz a line present). However, after
that the fitting procedure i still essentially automatic. The width of the data window should not
be too large or too small. Values in the range 12-50 pixels are probably ok, but since the automatic
fitting procedure can only fit a maximum of 3 lines in any given range, larger widths may cause
problems. CDS FIT WAVE will then attempt to fit the data with from one to three gaussians to
the region{z) of the spectrum specified, display the results and ako supply some details of the fits.
The actual “work engine™ iz the same as used by CDS_ATUTOTIT (a routine called CDS MULTIC),
but “ordinary™ users shouldn't normally need to know that!

% reasult = ods fit_wave { spac, wecentre [, width = npixels 1 )
Y result = cds_fit_wava ( spac, wcentra [, threshold = thres ] )
%L result = cds_fit_wave { spac, [wi,w2,w3,...] [, width = npixels ] )

i.e. fit mltiple lines

Tor each region specified, the fitting procedure will display the data and fit (or fite). Details
will also be given in the IDL input window. The plot displays TOTAL INTEGRATED COUNTS
for each fitted line {with estimated errors from the IDL “CURVEITT™ routine). The intensities
ahove the line profils are the fitted values. Below each fitted profile, the “obzerved” intensity is
also given. This iz the sum of the observed channels (indicated below the fit with either triangle,
gquare or diamond symbols), MINTS the {zum of the) fitted background /continuum. These results
are also placed in the results structure.

The results structure returned containg all the details of the fit. The structure is very similar to
that returned by CDS_AUTOFIT. (In fact, the two are identical except that the CDS TTT WAVE
gtructure also contains details of the fitted wavelength range(s) used so that CDS PLOT FIT can
automatically display the results correctly). CDS_PLOT TIT can once again be used to (re)display
the results, and can handle up to 12 separate “regions™ — i.e. the user coukl display 12 separate
line fits on one page. Obviously, the more data windows to plot, the amaller the resulting plots!
At present, the default plotting mode for multiple regions is to scale ALL the plots to the SAME
scale — ie. the scale is determined by the maximum line intensity. This is to allow weak and strong
lines to be compared on the same plot. If the spectrum iz a full NIS band {unwindowed), the plot
will automatically be divided into § ranges and displayed on two pages.

2.5 Test Data Files

In order for people to try out some of the above routines they will need some test data of some kind
{until the real data becomes available anyway!). At present there iz one NIS and one GIS test data
file. The NIS file contains three windowed regions of the two bands {two in Band 1, J17.67-324.84



AX and 350.12-357.2944, and one in Band 2, 560.12-571.70 AL). The (IS test file contains &

windows and a 5x5 data array.
NIS: jesfdatafnis/test nig 1.fita  — NIS test data file.
NIS: jes/data/gis/test gl 1.fits  — GIS test data file.

3 An Example Application of the Automatic Fitting Routines

In the tests performe so far, on “simulated” data at least, the automatic fitting software seems
to be able to get some guite respectable fits to the data — certainly for the stronger lines. But, if
a user wanted to fits lots of lines, the whole procedure might get somewhat laborious. Tor anyone
willing to dig into the details of the various routines discussed above, it is g uite possible to construct
powerful applications of their ownp.

Apn exampl is given bebvw. Bagically, it provides a procedure for performing velocity slices
through data cubes. In essence, it is a straight marriage of PLOT SPEC and CDS TIT WAVE
with a few lines of code inbetween to select which line to fit and then use the full Kelly line list to
make the line identification {while ako indicating which, if any, of the Kelly lines are ako in the
Blue Book line list!).

3.1 CDS_VEL_SLICE

CDS_VEL SLICE is a function to return fitted wavelengths and line intensities and derived velocities
for a CDS data cube. It uses essentially the same interface as PLOT_SPEC to assist the user to
gelect the particlular data window and exposure {or exposures) to use. Having made some basie
choices, the “first” spectrum will be displayed. and the user prompted to enter a chosen wavelength.
This can be fairly approximate to start with. The procedure will then uses some of the features
of CDS PLOT TIT to display the particular line of interest and the possible line identifications
for the line to asskt the user to select the correct rest wavelength for the feature of interest {to
convert from fitted wavelength into velocity, a rest wavelength is required). If none of the lines
are correct, the “0" option is always to enter the required details “by hand®. The next option is
whether to recenter the data window. The choices are to recenter on the actual rest wavelength
{the “K* aption}, to re-enter the central wavelength from the keyvboard or to continue with the
current value. This can be inportant, since the fitting procedure tends to give more reliable results
if the feature of interest is fairly centrally located.

Next, the width of the data window can be set. Care should be taken not to include to many
other lines in the region to be fitted, but, at the other extreme, to supply enough data to fit both
the line and continuum well. The first fit will then be shown (as an example of the likely quality
of the results CDS_VEL_SLICE might be able to get) and the option & thern to either proceed or
try another central wavelength.

Once the user is happy with all the choices made, the procedure will then go away and assembles
the required spectra, do the automatic line fitting and (hopefully!) returns with a three-panel
digplay of the results. Tt will tabulate the “current™ Solar X and Y coordinates, so that the user
can see how well the procedure is progressing. Since the IDL CURVETLTT routine is at the very
heart of the fitting engine, and, by its very nature, curve fitting can be a fairly hit or miss affair,

L |



it is guite possible that the fitting process will get “stuck™ somewhere. The reasons for this are
oot always entirely obvious! A little more detail can be gleaned by adding a “debug™ switch when
ealling CDS_VEL SLICE. Thie will display the details of each fit in a little detadl and might give
a clue as to the problem. Qne can then try again, perhaps with a different central wavelength or
data window wilth.

Assuming the fitting process went OK, the results are then displayed by a second routine —
CDE VELTLOT {which currently possesses no options!). The top panel should be a plot of the
fitted wavelengths of the requested line either along the NIS slit direction (DETY pixels (-119
but in SOLAR Y arc-minutes), or in the time direction for a specified subset of DETY pixels {or
SOLARY if the /solar keyword ig used). The middle panel takes the line identification details and
converts the fitted line wavelengths into velocities {km/s), and the bottom panel shows how the
fitted line intensity varies. If the spectra are in the time direction, the plot should also indicate
the S0LAR X values equivalent to the time axie {assuming that the raster was ako moving in the
X-direction).

This option to examine the data cube in the time dimension is switched on by an apswer of “—1"
to the Exposure guestion in the data selection/input part of the procedure (without the guates!).
The procedure will then prompt for DETY {or SOLAR_Y) values (either a single pixel m, or a
range of pixels m:n, or any combination thereof).

% result = cds_vel_slica { a ) la = cds data cuba.
% result = cda_val _slice { a, feclar.y ) !salect on Solar ¥ rather than tha
ldafanlt DETY pixels.

cde_vel_glice { a, /debug ) Iplot details of each fit.

% rasult

In amach of the above cases, multiple guesticns must be anewaered, mostly
with "seansible" defavlts.

% cds_vel_plot, result lradisplay fit.

(NB: CD5_VELTLOT currently as no switches. However, it iz likely to gain more options in
the near future, perbaps to specify which plot panel to display for example).

3.2 Batch Mode Operation

As described above, CDS_VEL SLICE is very much an interactive procedure. However, it is quite
likely that users will becone aware of which input values work for a given line and wish to enter
these values on the command line and bypass the interactive procedure. This mode of operation is
allowed for, and is termed “batch operation™. Some or all the pecessary inputs can be composed
on the command line and the procedure (in full batch mode) would provide gsome minimum level
of basic output (but no display would be produced). Thiz mode does require the user to have some
basic understanding of the “correct” inputs necessary to produce useful results. If only a subset of
the required input parameters are supplied. the user is prompted for the remained values.

The full list of optional keyword for CDS_VEL_SLICE is given below:-

BATCH Tuts the procedure in batch mode and suppresses much of the user interaction and
digplay parts of the procedure.



DBAND Currently not available as a user option, it would allow the selection of which full detector
band to use. See the WINDOW keyword description below.

DEBUG Sometimes, the fitting procedure can “get stuck™ somewhere in the CURVET'IT routine,
from which it usually never returns! Specifying the DEBUCG switch requests the fitting
procedure to display some details of the fitting process in order that the cause of the problem
may be assessed. Typically, the user needs to adjust the data window width or shift the
central wavelength of the fitting region.

DWIDTH Set the width of the DATA WINDOW in pixels. This is the region of the full window
that is actually used to for the fitting. The width should be small enough to avoid undue
confusion with neighbouring lines, but large enough to include enough of the line profile and
swrrounding continuwm to get a good overall fitted profile.

EXPQSURE* Select which exposure to use. The nput “—1" switches the CDS_VEL SLICE
made from “velocity profile along the NIS slit” to “velocity with time and /or Solar X",

HARD Instructs the procedure to automatically produce a hardeopy of the final results plbt (the
default action is to ask the user if a hardeopy i required, unless in batch mode).

RECENTER. This is either “N” — no rencentering of the data window is requested, “Y™ — recen-
tering is reguired, user prompted for input {probably not feasible in BAT CH mode!?), or “K*
- recenter an the Kelly line identification. Default iz currently N {input should be a atring).

SOLAR_Y Instructs the procedure to use SOLAR_Y coordinates rather than the default DET Y
coordinates.

WOCENTER. Approximate central wavelength to use. The data window is chosen around this
value {width specified by the DWIDTH keyword) and the exact value can be reset with the
RECENTER keyword.

WINDOW*® Select which data window to use.

YRANGE A string input that specifies which Y data to use (if the EXPOSURE k set to —1
- “Time Slice™). Thizs can be a single value, a range of values, or any combination. If the
SOLAR Y keyword is set, the coordinates should be specified in Solar Y arc-seconds. The
default is the DET_Y pixel values.

*4 “feature™ of IDL with regard to Key Words is that the input value “0” is NOT recognised.
Since both the Window number and Exposure can both be zero, some alternative mechanism needs
to be adopted to allow for this. Tor WINDOW any —ve input is taken to mean Window (. Tor
the EXPOSURE keyword, it is a little more complicated. An input of —1 switches to the “time
glice” mode (see above), and any other negative number i taken to mean Fxposure (0 & required.

Some example calls might be:-

1] Y r = cde_vel_slice { a, win=il, axp=10, we=345.6, dw=33 )

Entars aame valuaes, but pvser will still nead te choose the Kally Line ID,
answar tha RECENTER ¢guestion, confirm the first fit, and reply to tha
ffhard copy’’ gquestion aftar the results are displayed.



ey L r = cde_vel slice { a, win=1, axp=10, wec=345.6, dw=32, /b )

This will suppress most of the above interaction, except the procadura
¥ill still reguest an answaer for the RECENTER gquastion.

3) % r=cds vel slice {( a, win=1, axp=10, we=345.6, dw=33, recen = 'kK’, /b )
Will proceed without any further input, and no results will be displayed.
4] Y r = cds_vel slice {( a, win=l, exp=-1, we=345.6, dw=33 )
This will procesed like 1) except that the YRANGE will alsc ba raquastad.
And now the velocity fits will proceed in the TIME direction {exposura -1
option) .

) % r = cds_vel slice { a, win=-1, exp=1, wc=345.6, dw=33, recen = ’kK’, /b )

Salectad Window #0#% and Exposura 1 {the ®sacond* axposura!).

6) % r = cds vel slice { a, win=-1, exp=-2, wc=345.6, dw=33, racen = ’'k’, /b )
Salacted Windew *0#% and Exposure *0# (the sfirats axposura!).
71 % r = cds_vel slice { a, win=-1, exp=-1, wc=345.6, dw=33, racen = ’'k’, §

yranga = ’24:32, /b )

Fully autematic in the Time directicn of the data cuba.



