Mike’s Spextool Manual

First of all, this is NOT meant to replace the Spextool help files that you can access using the Menu button at the bottom of each module’s IDL
window. (You can also read these text files directly — look in Spextool/helpfiles — they are plain text). My intention was to provide an annotated
visual record of what a Spextool session is like, and also describe some things I have come to learn about the details of the process. Here |
summarize each module and what it does, in the order that they are to be done.

Xspextool — Here you construct your calibration frames (master flat and wavelength calibration), determine extraction apertures, extract the
data (after background subtraction and flat-fielding), and merge the A and B beam observations. The result is a number of spectra representing
each original observation file, properly calibrated. SXD and LXD are done separately.

Xcombspec — Here you merge the various observations together, SXD and LXD dome separately.

Xtellcor - (and xtellcor_finish) Generally the most time-consuming part of the process, at least for SXD (again SXD and LXD are done
separately). Here you use your observations of an AQV star and telluric model absorption spectrum to determine the telluric corrections for
your target star data. It is based on doing a flux calibration of your AOV star based on Vega. This requires determining how to alter the Vega
spectrum to match the H line shapes and strengths of your AOV star, and apply it to the entire spectrum. This is then used to “remove” the H
lines from your AOV star data so that it should resemble the telluric data. Since no two AOV stars are exactly identical (and Vega is peculiar,
being a rapidly rotating star viewed pole-on) you need to go in and “tweak” them into submission. You can then construct the telluric
correction data and apply it to your science target spectrum. You then adjust the wavelength scales of the telluric spectrum and your science
target data by aligning their telluric features. The divine the two to get a (hopefully) telluric-corrected spectrum. If you have an A0V calibration
star that is a good match in airmass & telescope position for more than one science target, xtellcor_finish allows you to skip most of the first
part, which would simply be repeating what you have done, and go right to the spectra alignment.

Xmergeorders — This allows you to merge the various orders together within SXD and LXD separately.

Xcleanspec — For trimming out data that is noisy, or where you want to remove wavelength regions with systematic distortions due to poor
matching of airmass between the AOV star and the science targets.

Xmergexd — Here you can merge SXD and LXD together.

At any stage of the process you can examining the spectra using xvspec. Note that at each stage of file writing, information of what you just did
is added onto the FITS file header. I find it useful to look at these using a suitable FITS viewer, like the SAOIMAGE DSO9 utility. Note that
Xcleanspec can be used after Xmergexd if you need to go back and do some more cleaning.

For more info, see: Vacca et al. 2003, PASP, 115,389 — Telluric Corrections and Cushing et al. 2004, PASP, 116, 362 — Xspextool Package
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For LXD you also need to enter an AB pair of stellar files so that telluric emission lines can be added for the longer wavelengths.



SPeX = 1eXoke) X/ IDL Development Environment Relels) X Spextool v3.4 for SpeX

| Q File Edit Search Run Project Macros Window Help Quit |
Nam: - r
J 070504 S FEFEIEEREEEEEEE EEEETER El || e R Gviation For- 15 0. 08208754 eiren. If,
© 070504-Guidedog =] I

Cushing04-Spextools.pdf =
General SpeX Operating Instructions, ,@ ,@ Ej B0 UntitledO

NI EHRR
| |

GuidedogPhotometry.xs — = TZI| | File Read Mode: - Filename “ Index | Reduction Mode: - A ~ A-B . A-Sky Do Al Steps|
" Running SpeXTools.pdf X| Ximgtool
SpeX Log 070213.doc
7 Spex Summary W I S I Zanmln| me0m| ﬂ, m ﬂ'
L_ Spex-0705 Output Pre
7. SPeX-ArrayParameters.pdf lil, Auto Range, Linear, Zoom] (245,50, 309,50) -0,333333
|~ Spexdata
@ arc391-393 fits -
© arc0391.afits . ' Iﬂa‘mm’“‘s
9 arcg:g;.m:ts =
© arc0393.aits H : |lavecal391-333.fits
© flat386-390.fits Bz
© flat0386.a.fits Al ¥I[f L = |
© flat0387.a.fits 1| B
© flat0388.a.fits % Compiled
© far0389.a.fits % Compiled n nded Soyce _] omer| Help
© flat0390.a.fits § Eomp@ieg L
O spc0376.a.fits omplled n
© spc0377.b.fits % Compiled raje Objects 4. Define Apertures
bt s The RMS dewv T e
© spc0378.b-fits % READFITS: race) Obje PSF Radius: Ip.z
@ spc0379.a.fits | % Compiled n
© spc0380.a.fits % Compiled n

© spc0381.b.fits
O wavecal391-393 fits
© SpeXdata copy
- Spextool
" SpextoolManual.pdf
SummerStudents07.xls
|_* untitled folder

m:_u oo s [T

it§ Trace

HG Subt & On v Off

By Start: lkz_
BG Width: I}z_
By Fit Degree: I_b_

Define Apertures|
=y jas |EPII0L ,F ' Extract |
. = = T Z /- VA VA

Name

Locals Par‘am‘

O

Pick your output file prefix, select FITS as the output forrhat. Select the firgt 2 star data files to work on (gerjerally the A and B beam files in
the nodded observations). Click on Full Flat Name and Full Wavecal Name (not Arc/). These will load the 13st ones created. If you need others
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1. Find Apertures

Make Spatial Profiles

4 Manual - Import Coeffs

4 Auto - Guess - Fix

N Apertures: Z_—AI

411»5: 3,10

Find/Stol Positions

2. Choose Orders
s
F7
me
s
ma
F3

3. Trace Objects

Trace Objects
Filename: |

Write Trace

4. Define Apertures

PSF Radius: |2,2
Ap Radius: |1.0
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After hitting trace objects, you should see this. Spextools has
trace the peaks of the spectral orders for both A and B beams.
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Quit
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3 Reduction Mode: A “* A-B . A-Sky

Source Images| : W
Sky fmage| < |I

Full Alat Name| : W

Full Wavecal Name| : Im

Load Image |

Ft Source Extended Source| Other| Help

pose Orders 3. Trace Objects
s Trace Objects

m7 Filename: | trace.dat!
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4. Define Apertures
iF Radius: (2,2
Ap Radius: 1,0

"5
a4
F3

nd the Aperture Radius, which must be no

the backgroyrd sdbtraction (the background outside the A and B

t a lot of datd, but not to encroach on the other aperture!
be zero (i.e.flat).
Hit Define Apertures. This will place the

background subtraction locations on the plot. If these are okay, hit Extract. If not, go back & modify your parameters.
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We are almost done with the first phase of the extraction process. Once you are satisfied with what you did on these two data files (A and B
beams of one set), do the same to the rest of the data on that target with that grating. Put the whole range of file numbers in.

Hit Do All Steps
| I~ \ \ 1
E D) O € X Xvspec - spectra0380.fits |
Done | uction Mode: - A |~ A-B . A-Sky Do All Steps

Read FITS m} Order 08 3 | source Images| :
Sky snage| |1

Full Flat Name| : Im

all Wavecal Name| : Im

“ Aux - Ervor - S/N

| Color I | Gaussian Smooth I

0.30

I Modify Range  _| Fix Range A e Load Image |
Order 07

I Pizel Axis  _I Ylog

[ XN -

fe Extended Source| Other| Help

Spexout - i 1
"—l Q lers 3. Trace Objects 4. Define Apertures
— Trace Objects| PSF Radius: |2.2
spectra0376.fits Filename: Itr’ace.datf . =
spectra0377.fits Ap Radius: 1,0
spectra0378.fits 0.90 s Write Trace
Al B
spectra0379.fits % fum) 36 Subr > On v Off
spectra0380.fits Order 06
spectra0381.fits g =
By Start: |2.2
BG Width: |2
By Fit Degree: I:;o
Define Apertures
i / | Extract |

This will extract the rest of the files
And write them in your folder/directory.

12



R

N Xvspec - spectra0376.fits

Done

@)
=

Read FITS| Header

4 Fux Emor - SiN

Order 08

| |

| color | | Gaussian Smooth |

—_

wify Range  _I Fix Range

el Axis  _I Ylog

Spexout

I %) Q

0

spectra0376.fits
spectra0377.fits

0.90
N {pam)

Order 06

I

Help

After the extraction, you will see the background-subtracted A-B beam data merged
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LXD-Cloudy Skies
Sometimes you will have spectra taken through thin clouds (cirrus). These not only cause the sky transmission to be low and variable, but cause
the background to be high and variable at longer wavelengths (lower orders) in LXD.

000 X Ximgtool 000 X Ximgtool
| File | | view | | cursor | Zoomin| Zoomout| center| Invert| Help| | File | | view | | cursor | Zoomin| zoomout| center| Invert| Help|
Iil, Auto Range, Linear, Zoom] (5,50, 217,50)  2,84444 IE[l, Auto Range, Linear, Zoom] (61,50, 925,50)  -1,67108

The clouds might be more prevalent in either the a-beam (left) or the b-beam (right).
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000 X/ Ximgtool 000 X/ Ximgtool

| File | [view | | cursor | zoomin| zoomout| center| invert| Help| [ Fie | [view | | cursor | zoomin| zoomout| center| invert| Help|

Iil, Auto Range, Linear, Zoom]  {-0,50, 887,50) 0,977778 IE[!., Auto Range, Linear, Zoom] (31,50, 905,50) -3,09099

I / I p
Sometimes there is only a little bit more cloud in one beam than another (left), while the next set might
be essentially cloud-free (right).

Here I had to “hand-pick” individual pairs by examining them using the Source Images and Load Image buttons in xspextool prior to making
the spatial profiles.
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The next phase is to merge the spectra you have just extracted for a specific target stars and grating setting. To do this, go back into the IDL

window, type in xcombspec and hit return.

Then open up the Help window and follow along the instruct

X! idl

', Loading Spectra
1. Type "xcombspec" at the IDL prompt. This will bring up the Xcombspec panel.
2, Choose the input mode for the file names,

a. If the user wishes to combine several spectral files located in
various directories, s/he should create a separate text file listing
the full path names and filenames of these spectra, and then
choose the "File" input mode, The filename of the text

file can

then be input into the "File Name" field, or selected from the

list presented when the "File Name" button is clicked,

If "Manual" mode (the default) is chosen, the user must enta:/
the directory path where the data files reside in the "Path’ £

or click on the "Path" button and choose the path from the list

shown, (If xcombspec is started up in the directory containing the

data files, no Path name is required,) /
The user must then specify the manner in which the files ar Fead

into xcombspec, If the files to be combined all have the same prefi

but different numbers {e.g., rspecl0.fits, rspecll.fi

LFits,
etc.), then the user should choose "Ind: e default). The input
prefix must be typed into the "Input Prefix" field (e.g. rspec),
the file nunbers entered into the "Files" field (e.g .

If the files have different prefixes, the user should choose the
"Filename" mode, and specify the file names in the "Files" field,
Alternatively, the files can be selected by clicking on the "Files"
button and highlighting the file names from the list that is displayed,

3, If the input files contain spectra from multiple apertures that ar
to be combined, the user should select the "Yes" button nex
"Combine Apertures" label, Multiple aperture data in a single spectr:
file would be generated if, for example, a faint point source
observed in A-B mode and the individual two-dimensional ata image
files were combined before the spectra were extract r if multiple
sources were positioned on the Spe¥ slit and ra of each object were
extracted from the individual files, (I latter case, however, the user
would generally not want to combi & aperture spectra,) If the data files
consist of observations of gle point source, observed in AB mode and
extracted individuall & input files will not contain multiple apertures,

4, Click on the "Load Spectra" button to load the files, The spectra will
then be displayed in the display panel on the right hand side, If the data
files contain multiple orders, all of the orders will be displayed.

The user has the choice of displaying the fluxes, the errors, or the S/N

ratios as a function of wavelength, by choosing from the "Type" pull downAfenu
in the upper right hand corner of the panel, The different apertures (i
available) can also be viewed by selecting the aperture from the "Aps
pull down menu in the upper left hand corner,

I, Modifying Spectra: Scaling, Correcting the Spectral Shapes, and Pésking Bad Regions

5, ¥combspec will combine the individual spectra after optiongdly scaling

XCOMBSPEC

ions.

o
jj B e = E[”gﬁ] = ml Wl @ <l &l &l ‘:;I[Users/amazons/Desktop/SpexDut/spectra0381.fits
3O E X xcombspec

Quit

1. Load Spectra: “* Manual - File Aperture: 1~ | Plot: Raw | Type: Flux —

Order 08

: | famazons/desktop/SpexOuts
File Read Mode:
Input Prefix: lfspectra—
Files| : | 376-3a1]

merwres: “ Yes « No
— Load Spectra |

-V

2. Modify Spectra

ﬂ a. Scale — | with Order: 03 —

3. Combine Spectra

Filename “* Index

\\

Statistic:  Robust Wejefited Mean |
A (um)
Robust Thres% 8.0 Order 06
4. Write Sgectra
Oyifut File: 1 Text
Virite File |

Under 2.Modify Spectra, chose Scale and an order (generally a middle one, like 6; for LXD use 5).
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S

Select the region to do the scaling over by hitting

spectrum for the combined spectrum by choosing "SNR" from the "Type" pull
down menu at the top of the plot window,

If the user wishes to scale the spectra, s/he should select "Scale" from

the pull down menu in "2, Modify Spectra", and choose an order from which the
scaling should be determined, Xcombspec determines a *single* scale factor to
be applied to all orders of a given spectrum, That is, the factor determined
for spectrum 2 in order 5 is also applied to the corresponding spectrum 2 in
order 3, (The previous version of Xcombspec determined separate scale factors
for each order, We discuss the reasons for this change and its consequences
below,) Therefore, we suggest that the scale factors should generally be determined
from the middle orders (e.g,, 5 in SXD mode), unless the user has a particular
reason for choosing another order, (For example, if no flux is detected in the
higher orders, 7 and 8, it might be better to use order 4 to determine

the scale factor,) lle also recommend choosing an order with a high overall S/N
value, For example, for the SXD mode, orders 5 or 6 are generally the best

to determine the scale factors, Once the order is chosen, the Xscalespec
window will appear,

a, The user should choose a wavele e used to determine
the scaling factors, Again, it is usually best to select the range
with the highest count rate, Type "s" and click with the left most
mouse button to specify the short wavelength limit of the selected
range, Click again with the left most button to specify the long
wavelength limit, Dashed blue vertical lines will show the designated
wavelength range, The user can also zoom in on any region with the "z"
cornmar;d or use any of the cursor commands (see the cursor command list
above),

b. Choose the type of scaling to be done from the pull down menu next to
the "Scale to:" label in the upper left of the plot window, The user
can choose no scaling ("None"), scale all spectra to the median of
the plotted spectra ("Median") over the selected wavelength range, or
scale to the level of a particular reference spectrum ("Spectrum”)
over the selected wavelength range, If "Spectrum” is selected, the
nunber of the desired reference spectrum should be chosen from the
pull down menu next to the "Spectrum” button. Xcombspec will then
determine the scale factors to be applied to each spectrum, and will
scale them appropriately. The user can inspect the result with the
zoom commands, change the axis limits of the plot, re-select new
reference spectra or scaling wavelength ranges, etc, If "None" is chosen
at any point in this process, the original unscaled spectra will be
re-plotted,

Tl

and left-clicking on 2 wavelengths:

AN

X\ Xscalespec

Cancel

Scale to: HNone

=

o1 |

£ (DN ™}

Tursor ¥: 1,31600,

¥$-95,9586

Done

21| % in: Ij;l,11834

X Max: |1,44560

¥ Min: | 0,407861

Y Max: [1192,86

17
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spectrum for the combined spectrum by choosing "SNR" from the "Type" pull O € X Xscalespec
down menu at the top of the plot window,
Cancel

If the user wishes to scale the spectra, s/he should select "Scale" from

the pull down menu in "2, Modify Spectra”, and choose an order from which the
scaling should be determined, Xcombspec determines a *single* scale factor to
be applied to all orders of a given spectrum, That is, the factor determined
for spectrum 2 in order 5 is also applied to the corresponding spectrum 2 in
order 3, (The previous version of Xcombspec determined separate scale factors
for each order, le discuss the reasons for this change and its consequences
below,) Therefore, we suggest that the scale factors should generally be determined
from the middle orders (e,g., 5 in S¥D mode), unless the user has a particular
reason for choosing another order, (For example, if no flux is detected in the
higher orders, 7 and 8, it might be better to use order 4 to determine

the scale factor,) le also recommend choosing an order with a high overall S/N
value, For example, for the SXI) mode, orders 5 or 6 are generally the best

to determine the scale factors, Once the order is chosen, the Xscalespec plot
window will appear.

Scale to:  Median | 01 |

Lursop G 1,11587, ¥:-101,981

a, The user should choose a wavelength range to be used to determine
the scaling factors, Again, it is usually best to select the range
with the highest count rate, Type "s" and click with the left m
mouse button to specify the short wavelength limit of the sele€ted
range, Click again with the left most button to specify thé long
wavelength limit, Dashed blue vertical lines will show the designated
wavelength range, The user can also zoom in on any p€gion with the "z
comma?d or use any of the cursor commands (see the cursor command list
above),

b, Choose the type of scaling to be dope from the pull down menu next to
the "Scale to:" label in the uppsr”left of the plot window, The user
can choose no scaling ("None")/ scale all spectra to the median of
the plotted spectra ("Median") over the selected wavelength range, or
scale to the level of a particular reference spectrum ("Spectrum")
over the selected wavelength range, If "Spectrum" is selected, the
nunber of the desired reference spectrum should be chosen from the
pull down menu next to the "Spectrum” button, Xcombspec will then
determine the scale factors to be applied to each spectrum, and will
scale them appropriately, The user can inspect the result with the
zoom commands, change the axis limits of the plot, re-select new

X Min: |1,11834 X Max: |1,44560 Y Min: Ii),dO?BBi Y Max: |1192,86 ‘

reference spectra or scaling wavelength ranges, etc, If "Mone" is chosen Accept

at any point in this process, the original unscaled spectra will be
re-plotted,

Done [

This will apply the same scaling to all orders. If satisfied, hit Accept. Note: if you want to try to get close to the real absolute flux level, you
can use Spectrum instead of Median. For LXD only Order 5 is clean enough.
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Often those orders far from the prder chosen will be off:

X xcombspec

Quit

Apwrire: 1 | Plot: Raw | Type: Fux —

1. Load Spectra: “* Manual - File

Path| : |/amazons/desktop/spexout./;'

File Read Mode: - Filename “* Index

Input Prefix: | spectra

Files | : | 376381

Combine Apertures: “ Yes - No Order 05

A (um)

Load Spectra |

2. Modify Spectra

a. Scale ~ | with Order: 05 —

3. Combine Spectra

Statistic: Robust Weighted Mean ] . - . o
v (um)

& Order (4
Robust Threshold: lﬁ.O

4. Write Spectra

Output File: I - Text

Virite File |

Help
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To fix that do Correct Shape. This will make the spectra within each order match better.

X xcombspec

Quit

1. Load Spectra: “* Manual - File Aperiure: 1 -~ | Plot: Raw | Type: Fux —

A (um)

Path| : I/amazuns/desktop/SpexDut.f;
Order 06

File Read Mode: - Filename “* Index

Input Prefix: I Spectra

Files| : | 376-38%F

Combine Apertures: > Yes - No

A (yem)
Load Spectra I oml‘m:}s
or

X

\
2. Nodify Spectra

c. Correct Shape — | with Order: 05 —

3. Combine Spectra

Statistic: Robust Weighted Mean |

Robust Thr%mld: I 8.0

4. VWrite Spgctra

Output Filef: |} I Text

virite File |

Order 04

Help

Then choose a method for doing the statistics of the merger. Usually Robust Weighted Mean is preferred.
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Finally.......Choose a file napne for the grand result an hit Write File.
It will write the final file.

N\ idl $ final_name.fits.fits

Quit |+

TELT

return the use to the main Xconbspec wi

11, Conbining Spectra

A Manual - [File Apertee: 1 | Plot: Raw | Type: FAux

/amazons/desktop/Spexuf

= | 1. Load Spectra:

9. The user should now choose the statistic to be\used for the conbining procedure.
There are several statistics to choose from, an\ue briefly describe them here, For
the robust statistics, a clipping threshold can b chosen. e recommend using the Path| :
"Robust. Usighted e uith a clipping threshald NG (signay, uhich s the default. Path :

LX)

A (um)

Order 06
Rcbust Ueighted Mean: R sigma clipping algorithm is u: to identify outliers,

File Read Mode: - Filename Index

he value at each pixel is then the ~ /~ Spexout =
ermr 18 given by the error on the | :
Robust. Hean (RHS): A sigma clipping | W Q Input Prefix: [Epectra
value at each pixel is the mean of ==
deviation of the pixels, D newvork il name fits.fits
= 4 Files| :

Robust Mean (Mean Error): A signa c ye' !
The value at each pixel is the mean | Macintosh HD
error on the mean (rms deviation of | ™=

spectra0376.fits
spectra0377.fits
spectra0378.fits | Combine Apertures: “ Yes
Veighted Mean: A weighted mean and | m Desktop spectra0379.fits

Hean (RHS): The value at each pixe spectra0380.fits Load Spectra
of the pixels, /\ Applications spectra0381.fits

A (um)

Order 06

2. Modif ectra
Mean (Mean error): The value at eacl | :\ Documents Y

error is given by the error on the || | St Wihonders| 05,
Hedian (HAD): The value at each uat 6 Music \

The error is given by the Hedian Al % | \ {
HAD=1,4826% median( abs(x_i - med) || = 3.
HADes (ot Pictures
= P
Hedian (Hedian Error): The value atl (O 22700 Statly = AGum)
The error is given by the HAD/ root | A T e —
IV. Write the Output File ] | Robust Thigshold A (um)
3. The user should now choose the output format (FITS is assumed unless the J_ 2 Wiila Sped Order 04
user selects the "Text" box) and give the name of the output File in the "Output -l

File" field and click on the "Write File" button, The final combined spectrum

will be displayed, Output File: | final nane.fits I Text

V. Note about Xcombspec

b |
Done !

b S spc0378b.fits &P 100> Ir
spc0379.a.fits
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USING XTELLCOR

First you need to set your paths, indicate you AO STD star input files, the B & V mags of the A0 STD star (from SIMBAD), and the science
target star’s files:

000 idl 000 Xtellcor

Here, the input files are those created in the “xcombspec” routine, and I labeled them as such when I created them.
The instrumental profile then needs to be constructed. For SXD, this should be done via “Deconvolution”, since you can use actual stellar lines

in regions free of telluric contamination to do this. For LXD, you are not so fortunate (although it is claimed that it can be done if the data is
VERY high SNR). For LXD, choose IP. We will look at LXD later. Right now, we will concentrate on SXD.
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000 idl 000 Xtellcor

|

For SXD, Pa d seems to be the best line to use, and it is located on Order 6. For LXD, Br o (4.052 um) is in Order 5, while Br y (2.166 um) is
in order 9. But Order 9 will NOT be accessible in LXD 2.3 mode! Note also that LXD is so cluttered with telluric lines that you may be better
off using the IP (“instrumental profile”) mode. I usually do.

This will bring up the Xconkern (X construct kernel) window.

4
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X idl

8, If the user is building the convolution kernel from the spectra of
the observed AOY standard star, s/he should select "Deconvolution”.
Then choose an order from the pull down menu in section 2 of the
Xtellcor panel, The selected order should contain a H absorption
line in the spectrum of the AOY standard star that is *unaffected*
by telluric absorption and has high S/N, The Paschen delta line at
1,005 microns has been found to have minimal contamination by
telluric features at the resolution of SpeX data, This is in order
6 in the SKD mode, lle have also obtained very satisfactory results
using the Br gamma and Br alpha lines when reducing LXD spectra,
These are in orders 9 and 5, respectively, of LXD data, The
Deconvolution method is recommended for reducing SKD spectra, and
LXD spectra whenever the AOY standard star spectrum has high S/N,

9, Click on the "Construct Kernel" button, The Xconkern panel will
appear and the spectrum of the A0 YV star in the chosen order will
be plotted in the upper half,

10, The user now must normalize the stellar spectrum by selecting
"continuum" regions from the data and fitting them with a
polynomial, Select the "Spectrum" button for the choice of "Window"
at the top of the Xconkern panel. Typing "n" will put the user into
the "normalization mode", Spectral regions representing continuum
that are to be fitted by the program can then be chosen by clickin:
twice with the left-most mouse button, once for the short wavele
limit of the region and once for the long wavelength limit, Th
region thus selected will be designated with dashed blue vertical
lines, The boundaries of a region can be shifted in wavelepdth by
typing "m" (for "modify") and dragging the blue line lefjdard or
rightward by clicking on the left-most mouse button ang’keeping it
held doun while moving the mouse, The user can contipie in this
manner to select any number of normalization regigns, If s/he
wishes to erase all regions and start the selectfon process over

right of the window,

Successful kernels can be generated by pbrmalizing either the
PASP article) or by

expanding the region around the chg#en H line (with the "z" cursor

11, Once all desired continuumAitting regions have been selected,
choose the degree of the/olynomial fit using the pull down
menu at the top of theconkern panel, (Degrees of 6-9 seems to
work well to normalj#e the entire spectrum of an A0 ¥ star in order
B.) Then click onhe "Fit Continuum" button, The polynomial

L

Done

X! Xconkern

Cancel

Lursor ¥: 0,912496, Y:-600,704

Spectrum X: 0,939508, Y:2394,88

Window: “ Spectrum - Normalized Spectrum  Fit Degree: 1 | Fit Continuum| Clear

’ Construct Kemel| Retry

Accept

Select Spectrum. Then it’s a good idea to hit “z” for zoom, to see the region around Pad more easily. To zoom, hit “z” and then define a
zoomed box by clicking on the image with your mouse, say upper left corner and lower right corner of the region you want zoomed.
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When zoomed, it should look something like this.

X! Xconkern

Cancel |

II:ur‘sor‘ ¥: 1,01333, Y:2738.23  Spectrum X: 101328, Y:6335,11 |

Window: “ Spectrum .- Normalized Spectrum  Fit Degree: 1 — | Fit Continuum | (:lear]

1.00
A (um}

Construct Kemnel I Retryl

Accept

25



Then hit “n” (“normalize”, NOT “s” for “select”) to select the region to do this in, using a left-click of your mouse:

X| Xconkern

Cancel |

IISursor K: 0,998865, Y:2830,32 Spectrum X: 0,998983, Y:5934.13 |

Window: “* Spectrum .- Normalized Spectrum  Fit Degree: 1 | Fit Continuum| Clear

A (um})

Construct Kemel Retry'

Accept |

It seems to work better of you pick TWO points on either side, instead of just ONE. The goal is to find a smooth curve that fits the continuum,
from which the spectrum can be normalized to get a level continuum. This is done using a polynomial fit of order 0-24. This can be tricky. You
may need to iterate on a “best choice” wavelength region and polynomial fit order, and go back between the two in order to find something
reasonable. The experts tell us 6-9 works well. Let’s find out, but sometimes even 2 give acceptable results.
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Select the polynomial order using the pull-down menu and hit the Fit Continuum button. Here is an example of a 2nd order fit. Looks pretty

decent.
X! Xconke

Cancel |
\
II:ur‘sor* %: 0,978161, Y:5593,05 Spectrum X’W Y15017,82 \ |
By
Window: “* Spectrum .- Normalized Spectrum  Fit Degree: 2 — it Conu'nuuml Clear|

Construct Kemel| Retry|

Accept I
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With Just a single point on each side, a 6 order fit does fine, also, but a 7" order one is obviously junk.

X! Xconkern X! Xconkern
Cancel | Cancel |
Itur‘snr X: 1,03623, Y¥:3991.10 Spectrum X: 1,03623, Y:3526,42 ||Ifursur‘ X: 1,03428, Y¥:3933,21 Spectrum X: 1,03434, Y¥33529,99 I

VWindow: - Spectrum .- Normalized Spectrum  Fit Degree: 7 -« | Fit Continuum| Clear

Window: < Spectrum - Normalized Spectrum  Fit Degree: 6 - | Fit Continuum| Cear

2000
0.98 0.99 1.00 1.01 1.02 1.03 K . .9 . "I .01
A (um) A (um)
Construct Kemel e Consu'uct Kemel Re
Accept Accept

Let’s stick to our original choice.....
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Now, select “Normalize Spectrum”.

X idl X| Xconkern
3 Cancel
11, Once all desired continuum fitting regions have been selected,
choose the degree of the polynomial fit using the pull down Lursor X3 0,961711, ¥:-0,392085  Spectrum ¥: 0,961637, Y:-0,118851
menu at the top of the Xconkern panel, (Degrees of B-9 seems to =~
work well to normalize the entire spectrum of an A0 V star in order
6,) Then click on the "Fit Continuum" button, The polynomial \ _ Clear
fitted to the continuum regions will be overplotted on the spectrum, Window: - Spectrum Normalized Spectrum —l

12, Repeat steps 10 and 11 until a satisfactory continuum fit is
obtained,

13, Once a good fit to the continuum is achieved, select the
"Mormalized Spectrum" button at the top of the ¥conkern panel, This
will display the normalized spectrum of the standard star,

14, The user now must select a wavelength region containing an
absorption line that will be used to construct a kernel, This
is done by typing "s" (for "select") and clicking with the
left-most mouse button on the short and long wavelengths
bracketing the absorption line, For the Pa Delta line, low
and high wavelength limits of approximately 1,000 and 1,010 microns
have been found to work reasonably well, Then click on the
"Construct Kernel" button in the middle of the panel

Hormalized Flux

15, The program then generates a convolution kernel using the
method described in the paper by Vacca et al, (2002), It then
convolves this kernel with the model spectrum of Vega and divides
the observed spectrum of the standard A0 V star by this convolved
Vega spectrum, The observed spectrum of the standard star, the
the original Vega spectrum (binned to the sampling of the AO Y
star), the convolved Vega spectrum, and the result of the
division ("residuals") are displayed in the bottom window of the
Xconkern panel, Experience has shown that it is fairly easy to
obtain residuals with maximum deviations of less than about
1,52, and RMS deviations less than about 0,72 about the Pa delta
line in good 5/N standard star spectra,

16, The user can continue with steps 10-15 until s/he is satisfied with
the residuals of the convolution, The s/he should click on the
"Accept” button, Ktellcor will then convolve the Vega model with
the kernel and scale the model to the observed AOY magnitudes, The
division of the observed AOY spectrum by this scaled and convolved
Vega spectrum generates the "Telluric Correction Spectrum”,

»
2
I~
T
3
=
@
3
@

AQ Y
II1. Constructing the Telluric Spectrum —
Max Deviation Convolved Vega
17, The user can now make adjustments to account for the fact that RMS Deviation:
the observed A0 V star may not have the same strengths of the
Hydrogen lines as in the Yega model spectrum, Click on the

Done / ! Accept :

Hit “s” (select) and select the wavelength range ox¥er which you plan to do this with a left-click on the short wavelength side, and
another left-click on the right. Be sure to get all of the line!
Then hit the “Construct Kernel” button.
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X idl

bl

12,

13,

14,

15,

16,

17,

Once all desired continuum fitting regions have been selected,
choose the degree of the polynomial fit using the pull down

menu at the top of the Xconkern panel, (Degrees of 6-9 seems to
work well to normalize the entire spectrum of an A0 Y star in order
B,) Then click on the "Fit Continuum" button, The polynomial

fitted to the continuum regions will be overplotted on the spectrum,

Repeat steps 10 and 11 until a satisfactory continuum fit is
obtained,

Once a good fit to the continuum is achieved, select the
"Normalized Spectrum" button at the top of the Xconkern panel, This
will display the normalized spectrum of the standard star,

The user now must select a wavelength region containing an
absorption line that will be used to construct a kernel, This

is done by typing "s" (for "select") and clicking with the
left-most mouse button on the short and long wavelengths
bracketing the absorption line, For the Pa Delta line, low

and high wavelength limits of approximately 1,000 and 1,010 microns
have been found to work reasonably well, Then click on the
"Construct Kernel" button in the middle of the panel

The program then generates a convolution kernel using the

method described in the paper by Yacca et al, (2002), It then
convolves this kernel with the model spectrum of Vega and divides
the observed spectrum of the standard A0 Y star by this convolved
Vega spectrum, The observed spectrum of the standard star, the
the original Yega spectrum (binned to the sampling of the A0 Y
star), the convolved Yega spectrum, and the result of the
division ("residuals") are displayed in the bottom window of the
¥conkern panel, Experience has shown that it is fairly easy to
obtain residuals with maximum deviations of less than about

1,52, and RMS deviations less than about 0,7% about the Pa delta
line in good S/N standard star spectra,

The user can continue with steps 10-15 until s/he is satisfied with
the residuals of the convolution, The s/he should click on the
"Accept” button, Xtellcor will then convolve the Yega model with
the kernel and scale the model to the observed AOY magnitudes, The
division of the observed ROV spectrum by this scaled and convolved
Vega spectrum generates the "Telluric Correction Spectrum”,

III, Constructing the Telluric Spectrum

The user can now make adjustments to account for the fact that
the observed RO V star may not have the same strengths of the
Hydrogen lines as in the Yega model spectrum, Click on the

L

FX

Done

X| Xconkern

Cancel

II:ursor ¥: 0,961711, ¥:-0,392085 Spectrum X: 0,961697, Y:-0,118851

Window: - Spectrum “ Normalized Spectrum  C€ar

x
2
[T
o

w
N
©

E

=}
=z

Construct Kemel| Retry

Resldual Flux

Max Deviation: 1.B7%
RMS Daviation: 0.72%

Convolved Veg

Accept l

Now, note that the lower panel shows 3 curves. One is your A0 STD (white), one is the spectrum of Vega (red), the third is Vega shifted in
velocity to match your A0 STD and convolved with a broadening function to attempt to match your A0 star. The upper blue line is the

difference.
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In this example, you can see that the residuals to the fit are about 1%, as indicated by the dotted lines.

Rasldual Flux

AQ Y

Max Deviation: 1.87% Convolved Vega
RMS Deviation: 0.72%

1.000 1.010

Usually the largest residuals will be near the line core. Vega is a rapid-rotator, but is seen pole-on, and the exact shape of the line depends on a
lot of factors.

Now it’s time to scale the lines in the Hydrogen likes using this profile. One has to do this line by line, in all of the orders, before finally
accepting the result by hitting the Accept bar at the bottom of the window.
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Next, I first choose the units I am going to use. THEN hit Scale Lines, and the Xscalelines window will open.
REMEMBER — Again, when scating the lines, you need to do all of the orders before hitting Accept.
000 idl 0O Xtellcor

i l_

<[

] L
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Now, if all AOV stars had spectra
identical to that of Vega, then all would
be effectively removed by constructing
the kernel (in this case Pa d). But since
they do not all have the exact same
effective temperature nor surface
gravity, small residuals in either
emission (over-corrected) or absorption
(under-corrected) will remain. (Note:
because Vega is a rapid rotator, these
parameters will differ from its pole to
its equator, so it is almost guaranteed
that there will be residuals). Here, we
see that the remaining residual for Br y
is present in absorption, but it is weak,
only a few percent of the continuum
level.

This is pretty typical of the lines in
SXD Order 3.

X Xscalelines

Cancel

|§Zur‘sur‘ ¥: 2,40939, Y: -3,73924e+14  Spectrum K: 2,40923, Y: 2,99563e+15, Scale: 0,912575

Vshift (km/s) : |}35,5504 Reset Control Points |

Spec

trum: “* Telluric - Object Order:

03 — | |7 Atmosphere

I~ Throughputs

X Min

: |%.88225 X Max: |72.42544

Y Min: | 5,27437e+14

Accept

Y Max: |5,79138+15

33




In Order 6 we see the Pa 0 line that was used to construct the kernel, and the effect that the non-zero residuals had on the final product. Again,

the structure is at the 1-2% level.
B O F X/ Xscalelines

Cancel |

|§:ursor ¥: 1,03399, Y: 3,37793e+14  Spectrum X3 1,03405, Y: 7,07137e+14, Scale: 0,912575

Vshift (km/s) : |}35.5504 Reset Control Points |

Spectrum: “* Telluric - Object Order: 06 — | |~ Atmosphere |~ Throughputs

X Min: |, 976182 X Max: |1,04411 Y Min: |§4.08875e+14 Y Max: |7,70886e+14

Accept
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Now, the idea here is to try to make your “rectified” AOV star look like the “standard” telluric spectrum shown in yellow. Now one might want
to smooth out the residual hydrogen lines.

X! Xscalelines

Cancel |

’}Zursor‘ K 2,22158, Y: 3.86912e+15  Spectrum X: 2,22156, Y: 5,00203e+15, Scale: 0,912575

Vshift (kmis) : |:—35.5504 |Reset Control Pointsl

Spectrum: “* Telluric - Object Order: 03 — | |7 Atmosphere [~ Throughputs

X Min: |72.10591 X Max: |2,23063 ¥ Min: I§4.23589e+15 Y Max: |5,06437e+15

Accept |
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There are three ways to do this. One uses a program-generated estimate by hitting “e” and clicking on either side of the feature. I have
personally found this tricky. Here is an example....

X Xscalelines

Cancel |

Ii’.‘ursor‘ X 2,20424, Y: 3,89596e+15  Spectrum X: 2,20438, Y: 5,14415e+15, Scale: 1,09974

Vshift (km/s) : |§-35.5so4 |Reset Control Poims|

Spectrum: “* Telluric - Object Order: D3f_1 7 Atmosphere |7 Throughputs

6.0x10"

X 5.5x10"

= 5,0x10"

X Min: |2,10591 X Max: |72.23053 ¥ Min: |§4.23589e+15 Y Max: I:B.OE4379*15
Accept I

Note that the “set point” in the spline fit (the Z;,jj/een asterisk in the upper panel) has now been raised. A second way to do this is to “grab” the set
pint by dragging it with your mouse to the desired level. More on this later....

36



Finally one can use the “fix” routine by hitting the “f” key and then clicking on the spectrum on either side of the line. This produces a linear
interpolation over the feature. In the case of lines with noise or blended with real telluric lines, you may want to (read “need to”’) do this a few
times. It will remember what you did before, since it has already replaced those data! But it also means that if you over-do it, you will have to

go back and try again.

X! Xscalelines

Cancel |

Lursor X: 2,22025, Y: 4,00331e+15  Spectrum X: 2,22048, Y: 5,0579%+15, Scale: 0,912575

Vshift (kmis) : |}35,5504 |Reset Control Pointsl

n
5
3
o
[
-
Q
o
2]

Spectrum: “* Telluric - Object Order: 03 — I~ Atmosphere |7 Throughputs

4.5x10"8

X Min: |2,10591 X Max: |2,22063 Y Min: |4,23589e+15 Y Max: |5.,06437e+15

Accept
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Here we see a case where the lower order Br lines have positive residuals (“emission”) and should be corrected, but by Br 15, the residuals are
tiny, and even switch over to weak absorption by Br 18. This is normal.

X! Xscalelines

Cancel |

|§Zursor X3 1,70830, Y: 1,29300e+15  Spectrum X3 1,70878, Y: 2,10752e+15, Scale: 0,912575

Vshift (km/s) : |§-35.5504 |Reset Control Pointsl

"
8
5
o
[
. J
Q
a
v

Spectrum: “* Telluric - Object Order: 04 — | |7 Atmosphere |7 Throughputs

3.0x10"

2.5x10"

2.0x10"

1,74792 Y Min: |1,57367e+15 Y Max: |3,42431e+15

X Min: |§1.49381 X Max:

Accept
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Here T used “f” to fix the Br 11-13 (Br 12 sits in a telluric feature, so this is a bit tricky). Granted, this is a bit “brute force” but it seems to

work.
X! Xscalelines

Cancel |

Lursor ¥: 1,71589, ¥: 1,76381e+15  Spectrum X: 1,71602, Y: 2,04210e+15, Scale; 0,912575

Vshift (km/s) : |j-35,5so4 |Reset Control Pointsl

Spectrum: “* Telluric .- Object Order: 04 — | |~ Atmosphere |~ Throughputs

3.0x10'8

2.5x10"

2.0x10"

1.80
A (m)
X Min: |1,49381 X Max: l?ﬂ..74?92 Y Min: Iﬂ..57367e+15 Y Max: |3,42431e+15
Accept I
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These residuals are more noticeable. The Pa lines often have strong residuals are closely packed. I have found that dragging the set points in
this region is a bad way to go if you are interested in the continuum shape in this region. This is because dragging any one point also move the
adjacent ones1 That’s the nature of splines. So if you go back & forth dragging the set points around you will affect the continuum levels but
10%, 20%, or maybe more.

X| Xscalelines DO € X! Xscalelines

Cancel Cancel

|§2ursor X+ 0,920018, Y: 1,96728e+14 Spectrum X: 0,919330, Y: 3,00751le+14, Scale: 0,912575 Tursor X: 0,928831, Y: 2,02047e+14  Spectrum X: 0,328762, Y: 2,7559%e+14, Scale: 0,870792

Vshift (km#s) : |§»35.5504 Reset Control Puimsl Vshift (km/s) : Ij-35,5604 |Reset Control Poinlsl

L
s
b
o
<2
2
]
1
*

Spectrum: > Telluric - Object Order: 07 — | |~ Atmosphere |~ Throughputs Spectrum: “ Telluric - Object Order: 07 — | |7 Atmosphere |~ Throughputs

X Min: |:n.323524 X Max: ]:n.szsasa ¥ Min: |Q.24557e~14 ¥ Max: |3.sossse+14 X Min: Ijo,azam X Max: |jn,933333 ¥ Min: |'2,245575+14 ¥ Max: |3,505533+14
Accept ! Accept !

In the example shown here, the residuals were removed by moving the set points downward by about 20%. But the entire continuum in that
region has been depressed by that amount. (The residuals from the Pa § are still present).

Note: I have seen where using the spline adjustment technique will produce a very noticeable “kink” in the spectra in Order 4 if the high order
Br lines have strong residuals, for the same reason. Very bad of maintaining the integrity of the continuum shape. However, if you are not
concerned with overall spectral shape or photometric integrity, the method of moving the set point is fine. If you are interested in these,
however, be sure that using this technique does not move the overall continuum more than your own tolerance level. Because I want to get
close to 3% tolerance or better, I avoid this technique if it does anything to the continuum level.
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Now using “f”.

X! Xscalelines

Cancel

Lursor ¥: 0.862814, Y: 0,334143  Scale X: 0,862871, Scale Y: 0.912575

Vshift (kmis) : |§-35.5504 |Reset Control Pointsl

»
o
k]
o
e
k4
Q
o
2]

Spectrum: “ Telluric - Object Order: 07 — | |7 Atmosphere |7 Throughputs

3.6x10"
3.4x10™
3.2x10™
» 3.0x10™
2.8x10"

2.6x10™

2.4x10"

X Min:

1.828524 X Max: |§0.933399 ¥ Min: |?2,2455?e+14 ¥ Max: |;3.50553e+14

Accept I
With that said, I have seen cases — late type PMS stars (i.e T Tauri stars) - which show a “hump” between 1.5 and 1.8 um, even after using the
“£” method. It may be intrinsic. I am still looking into this.
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Now, in the LXD 2.3 mode of SpeX, many of the lines on Order 7 also appear in Order 8. They should still be adjusted, since you will later
merge the various orders. Usually one order will have higher signal/noise at one end of the order, and smaller at the other end.

X! Xscalelines

Cancel |

Iétursor K3 0,907243, ¥Y: -9,03097e+12  Spectrum X: 0,907314, Y: 2,06003e+13, Scale: 0,912575

Vshift (km/s) : |}35.5504 |Reset Control Pointsl

L
o
k']
o
W
£
Q
o
W

Spectrum: “* Telluric .- Object Order: 08 — | |7 Atmosphere |~ Throughputs

* 5.Ox10"

4,0x10"°

2.0x10'®

X Min: I:i).8324?3 X Max: I:D.SOBEBB Y Min: |1,27982e+13 Y Max: |§1.30218e+14
v Accept

Once you have done ALL of the orders, hit the Accept button.
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With all these “tweaks” in place it is time to construct the telluric spectrum by chcklng on the approprlate button.
000 idl eee X Xtellcor

Z

You won'’t see anything happen, but you are ready to go to the next step, to line up your telluric spectrum with that of your §cience target and
divide it out — hopefully removing the telluric features. If conditions are really good, and the airmass of your science target and AOV calibration
star match well, some of the weaker features divide out well. Really strong ones, where both spectra hit close to zero, you get a result that you
might expect by dividing zero by zero.

Now, your telluric spectrum and target star spectrum may not be precisely matched in wavelength, so select an order and Get Shift.
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Here you need to select a region to shift. USUALLY, one with medium strength telluric features may be the best. The routine will shift the two
back & forth until the Object*Telluric scatter is minimized. With really weak features, I suspect that this will be more highly affected by noise
and other small features. Using the largest may give too much weight to fitting the 0/0 locations. LOOK at the results and use your own best

judgment. So select your region, hit Auto Find and watch the fun. You may also enter this manyally and hit return. Usually most of the shifts

will be similar, so you can use other orders as a guids..Order 8 has so little to work with that i¢48 often a candidate for the manual method.
X idl X| Xfindshift

L]

finished, the user can select the units desired for the output Cancel I

telluric-corrected object spectrum from the "Units" pull-down menu,
Then click on the "Construct Telluric Spectrum” button, The program o -

will then construct the telluric spectrum for each order by dividing |Putn I'_““’I Shift: IQ.OOOOO
the observed A0V standard star spectrum by the convolved and scaled

Vega model whose H line Ells have been adjusted as described in steps =
18100 |£ursc\r *: 2,35029

1Y, Determining Residual Wavelength Shifts

21, le often find there are slight wavelength shifts between _
the A0 ¥ star used to construct the telluric spectrum and the : | A —_— Oblect Spectrum
the object to be corrected, These shifts need to be removed in B s 4 4 “ t/Telluric Spectrum
order to avoid introducing spurious noise and artifacts when .
dividing the object spectrum by the telluric spectrum, To estimate
the wavelength shifts and correct them, choose an Aperture and an
Order from the pull-down menus in section 4 ("Determine Shift") of
the Xtellcor control panel, Then click on the "Get Shift" button.

Arbltrary Flux

The ¥findshift panel will appear, The object spectrum and the
telluric spectrum are both plotted in the upper window. The
result of dividing one by the other is shown in the bottom window,

22, Select a region containing a reasonably strong atmospheric features
in both spectra (and preferably one not containing strong absorption
or emission features in the object spectrum), This is done by
typing "s" (for "select") and click with the left-most mouse button
on either side of the features, Then click on the "Auto Find"
button in the upper left of the panel, Xfindshift will shift the
telluric spectrum by fractions of a pixel and search for the best . X Max: |2.,42644 ¥ Min: | 9,00000 Y Max: |1.51473
value, corresponding to a minimum in the RMS computed from the =
telluric corrected spectrum in the selected region. Rlternatively,
if the user desires a specific shift value (perhaps as the result Obied * Telluric
of determining the shift from another order), s/he can enter the
value directly in the "Shift" field and hitting return, Slmilarly,
wavelength shifts can be reset to zero by typing zero in the Shift
field and hitting return, The user can determine the shift obtained
from a different wavelength region by typing "s" and selecting a
new wavelength region,

When the user is satisfied with the shift found by Xfindshift,
s/he should click on the "Accept” button at the bottom of the panel.

Because we have often found that different orders require different
shift values, wavelength shifts can now (v3,3) be determined for
each order independently, Determining individual and independent
shift values for each order should yield the best telluric
correction results, After Accepting {or not accepting by hitting
Cancel) the shift in a given order, s‘he simply selects a new order
from the Xtellcor control panel, and repeats the procedure,

Y, Generate the Output Files

¥ Max: |3,64384¢-15

~ 1

Done | Accept

This is the “before” picture....
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...and the :”after” picture.
R X idl X/ Xfindshift

L

finished, the user can select the units desired for the output Cancel

telluric-corrected object spectrum from the "Units" pull-down menu,
Then click on the "Construct Telluric Spectrum" button, The program 2 =

will then construct the telluric spectrum for each order by dividing Auto Find| Shift: | b, 508564 RMS: 1.01282e-16
the observed AOY standard star spectrum by the convolved and scaled

Vega model whose H line Ells have been adjusted as described in steps =
18719, |Eursor X: 197474

IV, Determining Residual Wavelength Shifts

21, lle often find there are slight wavelength shifts betuween _
the A0 Y star used to construct the telluric spectrum and the d Oblect Spectrum
the object to be corrected. These shifts need to be removed in . 1 | A 1/Telluric Spectrum
order to avoid introducing spurious noise and artifacts when
dividing the object spectrum by the telluric spectrum, To estimate
the wavelength shifts and correct them, choose an Aperture and an
Order from the pull-down menus in section 4 ("Determine Shift") of
the Xtellcor control panel, Then click on the "Get Shift" button,

v
5
[
o
£
£
<

The Hfindshift panel will appear, The object spectrum and the
telluric spectrum are both plotted in the upper window, The
result of dividing one by the other is shown in the bottom window,

22, Select a region containing a reasonably strong atmospheric features
in both spectra (and preferably one not containing strong absorption
or emission features in the object spectrum), This is done by
typing "s" (for "select") and click with the left-most mouse button
on either side of the features, Then click on the "Auto Find"
button in the upper left of the panel, Kfindshift will shift the
telluric spectrum by fractions of a pixel and search for the best X Min: |1,88225 X Max: lfz‘42544 ¥ Min: | D,00000 Y Max: |1,51473
value, corresponding to a minimum in the RMS computed from the =
telluric corrected spectrum in the selected region, Alternatively,
if the user desires a specific shift value (perhaps as the result Object * Telluric
of determining the shift from another order), s/he can enter the
value directly in the "Shift" field and hitting return, Slmilarly,
wavelength shifts can be reset to zero by typing zero in the Shift
field and hitting return, The user can determine the shift obtained
from a different wavelength region by typing "s" and selecting a
new wavelength region,

When the user is satisfied with the shift found by Xfindshift,
s/he should click on the "Accept" button at the bottom of the panel,

Because we have often found that different orders require different
shift values, wavelength shifts can now (v3,3) be determined for
each order independently, Determining individual and independent
shift values for each order should yield the best telluric
correction results, After Accepting (or not accepting by hitting
Cancel) the shift in a given order, s/he simply selects a new order
from the Xtellcor control panel, and repeats the procedure,

V, Generate the Output Files

Y Min: |9,82130e-16 Y Max: |3,64984e-15

~ 1=

Done l

1 Accept

Unlike Scale Lines, here you need to hit Accept after every order is treated! Repeat this process for all orders.
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This is an example where the telluric features are not that strong, and nearly completely get cancelled out.
DO € X/ Xfindshift

Cancel

|Aut0 FlndI Shift: |:{).519137 RMS: 1.30255e-16

|jcursor X2 1,70894

Oblect Spectrum
1/Telluric Spectrum

X Min: |1,41077 X Max: |§1,31941 Y Min: | H,00000 Y Max: I;;1.43550

Object * Telluric

x
=2
[re
3
g
=
o
2
<

Y Min: |1,61072e-15 Y Max: | §,92182e-15

Accept

Note there the weak circumstellar emission lines are poking out of the photospheric absorption lines.
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Another “before” and “after” pair. Not that even before shifting the telluric cancellation is pretty good. But after shifting it is even better!

X! Xfindshift X! Xfindshift
Cancel Cancel
Auto Find | shift: |p.ooooo Auto Find | Shift: Ijn.sasazs RMS: 5.13914e-16 \
[ursor x: 1.20807 [Bursor ¥ 1.15692

Oblect Spectrum
‘l,"'_e\ uric Spectrum

X Min: |9,939508 X Max: |1,21227 ¥ Min: | D,00000 Y Max: |1,63683 s |9,939508 X Max: |1,21227

QObject * Telluric

¥ Min: [£3,571340-15 ¥ Max: [4, 40484014 ¥ Min: [£3.57194e-15 ¥ Max: [, 48494e-14

Accept l / Accept
Here is an example where the circumstellar H lines are seen in emission, but the He I line at 1.083 pm is in absorption. In many PMS stars this
will have a P Cygni line profile indicative of a wind (either from the star or from the disk). Here it looks like a very weak “inverse” P Cyg
profile is present, possibly indicating infall.

After you have Accept-ed all of the orders, it’s time to save your work.
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In general it is probably a good idea to write the telluric-corrected spectrum of the science target, but also the AOV star and especially the
Telluric spectrum, which can be used again\{ you have another science target for which the AOV star you just used is appropriate (airmass,
telescope pointing, etc.). For that you use the xtellcor_finish.pro routine. This allows you to skip having to construct the Kernel & Scale Lines

from scratch all over again. You also have the optiqn of saving a Text version, although I have not found these useful (yet).
000 idl 000 X! Xtellcor

o ew

@ xtellcor-manual_AOV.fits
xtellcor-manual_AOV.txt
g xtellcor-manual_tellspec.fits
xtellcor-manual_tellspec.txt
(] xtellcor-manual.fits
|21 xtellcor-manual.txt

—

10f192 s 143.95 GB availat
When done, you will find these files written. Congratulations! You are
done! (with xtellcor, at least...). I usually include the term “ xtellcor ” in the file name just so I tell what the file is later on.
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When you write the files, xtellcor will display your final spectra. You can display them as fluxes or signal-to-noise.

Note that some regions may have excellent S/N (in the hundreds) but can still have significant telluric features present of the airmass match

was poor.

X| Xvspec - xtellcor-manual.fits

Read FITS| Header|

“ Aux  Emor  SIN

_i Modify Range I Fix Range

_i Pixel Axis 1 Viog

0.90 0.95
A (um)

Order 06

pum™)

fx (Wm™

105 1.10
A (uzm)

Order 05

3
£
S

1.15 1.20 1.25 1.30 1.35 1.40 1.45
A (um)

Order 04

A .(/lm)

Order 03

,.
NN
QN 00

=]
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X Xvspec - xtellcor-manual.fits

Done

Read FITS| Header

« Aux  Emor © SN

_i Modify Range I Fix Range

1 Pixel Axis i Yiog

0.80 0.85
A (pm)

0.85 0.90 0.95
A (/1.m)

1.05  1.10
A (um)

Order 05

1.20 1.25 1.30 1.
A (um)

Order 04

1.6
A (um)

Order 03

Vg




An example of when dragging the set points mangles your continuum. The left-hand version is victim to over-using this technique
hand one shows what the continuum ought to look like at this stage.

X Xvspec - hd135344_sxd_xtellcor.fits X Xvspec - hd135344_sxd_xtellcor_test2.fits
Done

Done

. The right-

Read FITS| Header Order 05 x

“ FAux « Emor  SIN
1.50 E E E

I Modify Range _i Fix Range A (pm)

Read FITS| Header Order 05

“ Aux ~ Emor - SN

1.30
A (pm)

-1 Modify Range  _I Fix Range
Order 04
I Pixel Axis  _I Ylog

Order 04
I Pizel Axis I Ylog

l

T,

Help |

Help

This is the “kink” that I described earlier.
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Xtellcor in LXD

Now, for the LXD, I use the IP (Instrumental Profile) for construction of the Kernel. What about Scale Lines? Here we will examine each
order. I will show the entire order and zoom in on one sample region.

Order 4:

Spectrum: “* Telluric - Object Order: 04 — | |7 Atmosphere

This is by far the noisiest portion, at least in terms of
strong telluric lines. Can you imagine trying to do the
continuum fitting here?

Now for the close-up.

Spectrum: “* Telluric - Object Order: 04 — 7 Atmosphere

Here we see the results of applying the Kernel to the
AOQV spectrum. If Pf d is present at all, it has
apparently been corrected for pretty well.

4.0x10'
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Order 5:

Spectrum: “* Telluric .- Object Order: 05 — 7 Atmosphere

It appears that the Hu lines at the short wavelength
end might need correcting, but if you look closely
you will see twice that many lines there, and they
don’t look like others (i.e. Hu 16), suggesting that
they are telluric lines that coincide with the Hu lines.
The fact that the AOV spectrum here matches the
telluric one means these should be left alone.

Spectrum: “* Telluric - Object Order: 05 — | |7 Atmosphere

Here we see perhaps the only lines in this order that
you might want to correct. Br o looks real at about
the few % level, and you might want to use the “fix”
routine here. Perhaps also on Hu 14, but I don’t. You
might even skip Br a if you don’t need high
precision in this line (like measuring its strength
when it is weak compared to the continuum level).

This is the only order in LXD with any hope of fitting the continuum for constructing the Kernel, and the only line present is too weak to do
this for.
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Order 6:

Spectrum: “* Telluric .- Object Order: 06 — 7 Atmosphere

This region can be a mess if the water
vapor level is anything but tiny. This is
where one finds the 3.3 pm organic band,
but Pf d is also present there. Note that
including the strong feature in the middle
when doing the wavelength shifts may
place too much weight on the 0/0 issue. The
lines just longward are probably a good
choice for that.

T
<«
=z
;D.;
—

Spectrum: “* Telluric - Object Order: 06 — | [T Atmosphere

Here we can see that the AOV and Telluric
spectra are very similar, and the effect of Pf
0 seems to me minimal (in other words the
IP Kernel seems to have done its job).

f (DN &™)
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Order 7:

Spectrum: “* Telluric - Object Order: 07 — |~ Atmosphere

Another nasty order.

Spectrum: “* Telluric .- Object Order: 07 — 7 Atmosphere

2.5x10"
~ 2.0x10"
1.5x10"

1.0x10"

5.0x10™

3.08
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Order &:

Spectrum: “* Telluric - Object Order: 08 — | [~ Atmosphere

Spectrum: “* Telluric - Object Order: 08 — [~ Atmosphere

Enough said? Basically there does not seem much hope (point) is doing major corrections in LXD. Maybe Br a in Order 5, but not much else.
As a consequence, running xtellcor on the LD data actually takes less time than on SXD.
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XMERGEORDERS

This goes quickly, and is largely self-explanatory. In the IDL prompt, type xmergeorders, and hit return.

X! Xmergeorders Help File

zoom box and then move the cursor to the other corner and
press and release the left mouse button,

I, Starting Up

1. Type “xmergeorders"” at the IDL prompt, This will bring up the
¥mergeorders panel,

2. If the user is in the directory where the data is stored, skip to
step 3, If not, type in the directory path for the data, or click on
the "Path" button and choose the path from the list shouwn, _________——-________-———""'-—

Type in the file name of the data, or click on the "Input Spectrum"
button and choose the file from the list shoun,

4, Select whether or not to allow errors to be propagated throughout
the combining procedure.
Click on the "Load Spectrum" button to load the data file.

b

o o

Choose an "Anchor Order” from the pull down menu, The Anchor order
is the order with which Xmergeorders will start, All other orders will
be added to this order {with appropriate scaling factors if desired),

II, Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of
of neighboring orders that can be merged with the anchor order. For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order 6 or 8 to be merged with
order 7, Select the order to be added, The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for ¥mergeorders. The anchor order will appear in blue,
and the order to be added will appear in areen, The S/N spectra will
appear in the bottom window,

The added order can be scaled to match the level of the anchor order,
Type "s" (for “select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, Kmergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field. Alternatively, the
user can enter a number in this field and ¥mergeorders will scale the
added order accordingly, To reset the scale, type 1,0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g,, Orders
3 and 4 of ShortXD) the user can still scale the added order by
manually typing the scale factor in the Scale field.

&7

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged, Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or 'l' {or click
'Left' or 'Right' for the Trim Direction), Clicking with the

&

3

N {
Done

X! Xmergeorders

Quit

]tursor ¥s 1,80327

|
‘Spec Type: <~ Overlap .- Combine Plot Spectrum: |~ Blue |7 Green

’S_Mdﬁ%u.msj

|7 Weighted Mean

[— Load spectrum

2, ppertwel 91 o

Anchor Order: 03

3. CutiScale/Merge Spectra

Add Order: 00 —
Scale: |1,00000 Auto Scale

Trim Spectrum: “* Green - Blue

Trim Direction: “* Right < Left

Merge Orders

4. Write Spectra to File

I Text Output

File Name: |{

Write File |

Please Select an Anchor Order

X Min: |1 X Max: |

! Y Min: [E____________ Y Max: [E____________

Help

Set the path and load your spectrum.
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You will then be asked to choose an order from which to successively scale & merge the other orders to. This is the anchor order.
For the sake of illustration, I am going to start with Order 8, and build from there, starting with Order 7.

X/ Xmergeorders Help File

=

zoom box and then move the cursor to the other corner and
press and release the left mouse button,

I:cursor X: 1.35821
I, Starting Up

1, Type “xmergeorders" at the IDL prompt, This will bring up the Spec Type: “* Q¥erap - Combine Plot Spectrum: |7 Blue |7 Green
¥mergeorders panel,

2, If the user is in the directory where the data is stored, skip to
step 3, If not, type in the directory path for the data, or click on
the “Path" button and choose the path from the list shown.

o

Type in the file name of the data, or click on the "Input Spectrum"
button and choose the file from the list shown. I Lhaﬂ Spectrum I

4, Select whether or not to allow errors to be propagated throughout
the combining procedure,
2. Pportien: 1 =t

o

. Click on the "Load Spectrum" button to load the data file,

Please select an Order

&

Choose an "Anchor Order" from the pull down menu, The Anchor order | 1] _’Anchnr Order: 08 —
is the order with which Xmergeorders will start, All other orders will —
be added to this order (with appropriate scaling factors if desired),

3. CutiScale/Merge Spectra
11, Adding Orders
7. After choosing an Anchor order, Xmergeorders will present a list of Add Order: 07

of neighboring orders that can be merged with the anchor order. For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order € or 8 to be merged with Scale: |1,00000 Auto Scale
order 7, Select the order to be added, The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for Xmergeorders. The anchor order will appear in blue, & .
and the order to be added will appear in green. The S/N spectra will LTSI ERGCE S SED =
appear in the bottom window, X Min: |} X Max:

Trim Direction: “* Right - Left

Y Max: |

The added order can be scaled to match the level of the anchor order,
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to Merge Orders
compute the relative scaling factor, When the user clicks on the

“Auto Scale" button, ¥mergeorder will compute the best scale factor

&

for the added order and re-plot the scaled spectrum, The computed 4. Write Spectra to File
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergeorders will scale the _1 Text Output

added order accordingly. To reset the scale, type 1.0 in the
scale field and hit return, Note the 's' button will only
work if the two spectra overlap, If there is no overlap, (e.g,, Orders File Name:
3 and 4 of ShortXD) the user can still scale the added order by .
manually typing the scale factor in the Scale field.,

—

Write File |

9. Sections of either the anchor order or the added order can be cut
out before the two spectra are merged, Tupe "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or 'l' (or click
'Left' or 'Right' for the Trim Direction), Clicking with the

Done I 1

While you can use the “pull down menu” for selecting the order to be added, I found that on my machine I had to actually “click” on it to load
the spectra for these orders (sometimes double-click, slowly or press-hold). If not, the next step produces an “index out of range” error!
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This is what it should look like. Here Order 8 is in blue, and Order 7 is in green.

X| Xmergeorders Help File e ® X| Xmergeorders
zoom box and then move the cursor to the other corner and 41 Quit
press and release the left mouse button,
1. Load Spectra I:Cursur‘ H: 0,887120
1. Starting Up
: : T Path| : |1
1. Type "xmergeorders" at the IDL prompt. This will bring up the Spec Type: “* Overlap - Combine Plot Spectrum: |~ Blue |~ Green

Amergeorders panel,

2, If the user is in the directory where the data is stored, skip to Spectra| : | hd135344.Fits 0‘."erlapplng Spectra

step 3, If not, type in the directory path for the data, or click on
the "Path" button and choose the path from the list shown,
I~ Weighted Mean

3, Type in the file name of the data, or click on the "Input Spectrum”
button and choose the file from the list shoun, | Load Spectrum I
4, Select whether or not to allow errors to be propagated throughout i
the combining procedure.
2, dpertiee: 01 ~
5, Click on the "Load Spectrum" button to load the data file.,
6, Choose an “Anchor Order" from the pull doun menu. The Anchor order Anchor Order: 08 —

is the order with which Xmergeorders will start, All other orders will
be added to this order (with appropriate scaling factors if desired),
3. Cut/Scale/Merge Spectra
11, Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of Add Order: 07 —
of neighboring orders that can be merged with the anchor order, For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order B or 8 to be merged with Scale: |i1,00000 Auto Scale 0.20
order 7, Select the order to be added., The anchor order and the order : ) & g )
to be added will both be plotted in the upper plot window next to the A {um)
control panel for Xmergeorders, The anchor order will appear in blue, i PN
and the order to be added will appear in green, The S/N spectra will WD BEEEIIE S AR
appear in the bottom window,

75175e-12 Y Max: 12367e-12

Trim Direction: “> Right - Left
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The added order can be scaled to match the level of the anchor order,
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to Merge Orders
compute the relative scaling factor, When the user clicks on the

"Auto Scale" button, Xmergeorder will compute the best scale factor

for the added order and re-plot the scaled spectrum, The computed 4. Write Spectra to File
scale factor will be shown in the "Scale:" field. Alternatively, the
user can enter a number in this field and Xmergeorders will scale the _I Text Output

added order accordingly, To reset the scale, type 1,0 in the =
scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g., Orders File Name:
3 and 4 of ShortXD) the user can still scale the added order by -
manually typing the scale factor in the Scale field,

Write File |
9. Sections of either the anchor order or the added order can be cut
out before the two spectra are merged. Tupe "g" (or click "Green" % ¥ X 0.20
for the Trim Spectrum) to trim regions from the green spectrum, A {um)
Then choose the direction of the cut by tuping 'r' or '1' (or click X
'Left' or 'Right' for the Trim Direction), Clicking with the B
1 ¥ Min: | 80,9128 Y Max: | $55,947
of 1
Done I q

Help
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For the next step, you need to select (“s”’) over what wavelength range you will use to re-scale order 7 to the flux level of Order 8, using the left
mouse button. So hit “s” and then left-click over the desired range.

X| Xmergeorders Help File X! Xmergeorders

Quit

=

B, Choose an "Anchor Order" from the pull down menu, The Anchor order
is the order with which Xmergeorders will start, All other orders will
be added to this order (with appropriate scaling factors if desired),

1. Load Spectra [ursor x: o.771301
11, Adding Orders
o s . : : Path| : | _
. After choosing an Anchor order, Xmergeorders will present a list of Spec Type: “ Overap -  Combine Plot Spectrum: |7 Blue | Green
of neighboring orders that can be merged with the anchor order, For
example, if the Anchor order is selected to be order 7, Xmergeorders -
will allow the user to choose either order B or 8 to be merged with Spectra| : ,hd135344.hts;

order 7, Select the order to be added. The anchor order and the order -
to be added will both be plotted in the upper plot window next to the 8.0x10

control panel for Xmergeorders, The anchor order will appear in blue, 7 Weighted Mean
and the order to be added will appear in green, The S/N spectra will
appear in the bottom window, Load Spectrum

107

52

The added order can be scaled to match the level of the anchor order, | 1012
Type “s" (for "select"), and click with the left-most mouse button on

the short and long wavelength boundaries of the region to be used to 2. dpertesl Bl
compute the relative scaling factor, When the user clicks on the §.5x107"2
"Auto Scale" button, Xmergeorder will compute the best scale factor { S
for the added order and re-plot the scaled spectrum, The computed Ancher-Order—08-
scale factor will be shown in the "Scale:" field, Alternatively, the ’ §.0x107"2
user can enter a number in this field and Xmergeorders will scale the
added order accordingly. To reset the scale, type 1.0 in the 3. Cut/Scale/Merge Spectra
scale field and hit return, Note the 's' button will unly( 5.5x10712
work if the two spectra overlap., If there is no overlap, (e.g., Orders .

3 and 4 of ShortXD) the user can still scale the added order by Add Order: 07 —
manually typing the scale factor in the Scale field, 5.0x107"*

Sections of either the anchor order or the added order can be cut Scale: |1,00000 Auto Scale

out before the two spectra are merged. Tupe "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or '1' {or click i VN

‘Left' or 'Right' for the Trim Direction), Clicking with the [INNSPeCtaND: Sl GlE T T -
left-most mouse button removes the spectrum in the desired direction, Y Min: | 4,75175e-12 Y Max: | B,12367e-12
The blue spectrum can be trimed in a similar fashion by typing 5 2 S

‘b* and the 'r' or '1', To undo any cut, type "u", Trim Direction: Right + Left

2

A preview of what Xmergeorders will produce for any two plotted Merge Orders I T

spectra can be seen by selecting the "Combine" button, Selecting \' 'l
the "Overlap" button will show the two separate spectra again, P \A"“
Either spectrum can be temporarily removed from the plot by unchecking 4. Write Spectra to File \
the "Blue" or "Green" buttons in the ¥mergeorders panel. /

1 Text Output
10, When the user is satisfied with the scaling and trimming of the p
the spectra, s/he should click on the "Merge Orders" button,

¥mergeorders will then combine the spectra using a weighted average. File Name: | !

11, Repeat steps 7-10 until all orders are merged,
write File |
III, Write the Output File |

12, When all orders have been merged, give the name of the output file A {um)
in the "File Name" field and click on the "Write File" button. o N

Y Max: | 555,947

I
Done Help 1
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Then hit Auto Scale and you get Order 7 re-scaled to Order 8. If you need to you can also do this manually by entering a scale factor on the
box and hitting returu,

X| Xmerge ers Help File X! Xmergeorders

R

6. Choose an "Anc Quit
is the order with

be added to this ord:
11, Adding Orders

Order" from the pull down menu, Anchor order
ich ¥mergeorders will start, All osker orders will
(with appropriate scaling factorsN§ desired),

1. Load Spectra I:tur-sor X2 0,714375

Path| : |{
—] - Spec Type: “* Overlap .- Combine Plot Spectrum: |~ Blue |~ Green
Spectra :|hd135344.msj

7 Weighted Mean

7. After choosing an Anchor order, Xm
of neighboring orders that can be mer
example, if the Anchor order is selecte:
will allow the user to choose either order
order 7, Select the order to be added. The ancl
to be added will both be plotted in the upper plot
control panel for Xmergeorders, The anchor order will
and the order to be added will appear in green, The S/N
appear in the bottom window,

eorders will present a list of
with the anchor order. For
be order 7, Xmergeorders
r 8§ to be merged with
order and the order

8.0x107"

7.5x1072
| Load Spectrum |

&

The added order can be scaled to match the level of the anchor or
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, ¥mergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Rlternatively, the
user can enter a number in this field and Xmergeorders will scale the
added order accordingly, To reset the scale, type 1.0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.q., Orders N Add Order: 07 —
2 and 4 of ShortXD) the user can still scale the added order by Bl
manually typing the scale factor in the Scale field,

Sections of either the anchor order or the added order can be cut Scale: |1,00558 Auto Scale

out before the two spectra are merged. Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by tuping 'r' or '1' (or click
‘Left' or 'Right' for the Trim Direction), Clicking with the

1T X 10—|l
2. dperfee: DY ~

Anchor Order: 08 —

6.5x107"

10712

3. Cut/Scale/Merge Spectra
5.5x107"

5.0x107"

£

Trim Spectrum: < Green - Blue

left-most mouse button removes the spectrum in the desired direction, X Min: |9,702284 X Max: I}J._03888 Y Min: I}t.75175e-12 Y Max: I:B,123873-12
The blue spectrum can be trimed in a similar fashion by typing ~ & R N

‘b’ and the 'r' or '1', To undo any cut, tupe "u", Trim Direction: Right - Left

A preview of what Kmergeorders will produce for any two plotted Merge Orders I

spectra can be seen by selecting the "Combine" button, Selecting

the "Overlap" button will show the two separate spectra again, r 5
Either spectrum can be temporarily removed from the plot by unchecking 4. Write Spectra to File
the “Blue" or "Green" buttons in the Xmergeorders panel,
Text Output
10, When the user is satisfied with the scaling and trimming of the = i
the spectra, s/he should click on the "Merge Orders" button,

Kmergeorders will then combine the spectra using a weighted average. File Name:

11, Repeat steps 7-10 until all orders are merged.

Write File |
III, Write the Output File

12, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Write File" button, 2

: : Y Max: | 555,947

I
Done Help |

It’s hard to see, but the green spectrum (Order 7) has moved just a little bit.
It is also apparent that the noise in Order 8 is a bit more than in 7 in the wavelength range where they overlap. You can see this in the spectra,
and in the S/N plots. So we will trim off the noisy part before merging.
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X! Xmergeorders Help File

B. Choose an "Anchor Order" from the pull down menu, The Anchor order
is the order with which Xmergeorders will start, All other orders will
be added to this order {with appropriate scaling factors if desired).

II, Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of
of neighboring orders that can be merged with the anchor order. For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order 6 or 8 to be merged with
order 7, Select the order to be added. The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for Xmergeorders, The anchor order will appear in blue,
and the order to be added will appear in green, The S/N spectra will
appear in the bottom window,

The added order can be scaled to match the level of the anchor order.
Tupe "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the

"Auto Scale" button, Xmergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed

scale factor will be shown in the "Scale:" field. Alternatively, the
user can enter a number in this field and Xmergeorders will scale the
added order accordingly. To reset the scale, type 1.0 in the

scale field and hit return, MNote the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g., Orders
3 and 4 of ShortXD) the user can still scale the added order by
manually typing the scale factor in the Scale field,

2

£

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged. Tupe "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or '1' (or click
‘Left' or 'Right’ for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction,
The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or '1'. To undo any cut, tupe "u".

A preview of what Xmergeorders will produce for any two plotted
spectra can be seen by selecting the "Combine" button, Selecting

the "Overlap” button will show the two separate spectra again,

Either spectrum can be temporarily removed from the plot by unchecking
the “Blue" or "Green" buttons in the Xmergeorders panel,

10, When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders" button,
Kmergeorders will then combine the spectra using a weighted average,
11, Repeat steps 7-10 until all orders are merged,
III, Write the Output File

12, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Urite File" button,

L]

X! Xmergeorders

Quit

1. Load Spectra

Tursor X3 0,912456

< |

Spec Type: “* Overlap . Combine Plot Spectrum: |~ Blue |~ Green

Spectra| : I hd135344. Fits

|7 Weighted Mean

Load Spectrum

2. Pportee: B

Anchor Order: 08 —

3. CutiScale/Merge Spectra

Add Order: 07
Scale: |1,00558 Auto Scale

]

Done

Trim Spectrum: Gv “ Blue

Trim Direction:

v Left

Overlapping Spectra

A (um)

write File |

0.85
A {uem)

0.20

¥ Min: | 80,9128 ¥ Max: Ijsss.w

Help

7

/

/

Here, I selected trimming the blue spectrum to the right of wherever I left-clicked on the spectrum.
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Then, take a look at what the merged spectrum will look like by hitting the combine button:

X! Xmergeorders Help File

B. Choose an "Anchor Order" from the pull down menu, The Anchor order
is the order with which Xmergeorders will start, All other orders will
be added to this order {with appropriate scaling factors if desired),

I1, Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of
of neighboring orders that can be merged with the anchor order. For
example, if the Anchor order is selected to be order 7, ¥mergeorders
will allow the user to choose either order 6 or 8 to be merged with
order 7, Select the order to be added, The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for Xmergeorders, The anchor order will appear in blue,
and the order to be added will appear in green, The S/N spectra will
appear in the bottom window,

)

The added order can be scaled to match the level of the anchor order,
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the
"Auto Scale” button, Xmergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergeorders will scale the
added order accordingly. To reset the scale, type 1.0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g., Orders
3 and 4 of ShortXD) the user can still scale the added order by
manually typing the scale factor in the Scale field,

12

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged, Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or '1' (or click
‘Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired directj
The blue spectrum can be trimed in a similar fashion by typin

'b' and the 'r' or '1'. To undo any cut, tupe "u".

A preview of what Xmergeorders will produce for an
spectra can be seen by selecting the "Combine" ton. Selecting

the "Overlap” button will show the two separaté spectra again.

Either spectrum can be temporarily removed from the plot by unchecking
the “Blue" or "Green" buttons in the Xmergeorders panel,

10, When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders" button,
¥mergeorders will then combine the spectra using a weighted average.
11, Repeat steps 7-10 until all orders are merged.
III, Write the Output File

12, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Urite File" button,

L

Done

X! Xmergeorders

Quit

1. Load Spectra

Lursor X: 0,851419 \

o] <

Spec Type: Oven} 4 Combine Plot Spectrum: |~ Blue |~ Green

Spectra| : | hd135344 . Fits

7 Weighted Mean

Merged Spectrum

s.ox107

| Load Spectrum

7.5x107"*

2. Pportige: B ~

Anchor Ordeg-

6.5x107"*

. 6.0x107"2

3/' t/Scale/Merge Spectra

Add Order: 07

Scale: |1,00558 Auto Scale

Trim Spectrum: - Green

Trim Direction: > Right - Left

’ Merge Orders

5.5x107"2

5.0x107"*

“ Blue

X Min: | §,702284 X Max: |1,03868 Y Min: | 4,75175e-12

Y Max: | 8,12367e-12

4, ite Spectra to File

| Text Output

File Name:

Write File

|

0.85
A {m)

Y Min: | 80,9128 Y Max: | 55,947

Help

When you are satisfied, hit Merge Orders.
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Repeat this process for the rest of the orders, but do not change the Anchor Order, just the Add Order. Otherwise, the program thinks you are
starting all over, and will forget what you have done up to this point!

X! Xmergeorders Help File

I,

1

it
111
1

B, Choose an "Anchor Order" from the pull down menu, The Anchor order
is the order with which ¥mergeorders will start, All other orders will
be added to this order (with appropriate scaling factors if desired).

Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of
of neighboring orders that can be merged with the anchor order, For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order 6 or 8 to be merged with
order 7, Select the order to be added, The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for Xmergeorders, The anchor order will appear in blue,
and the order to be added will appear in green, The S/N spectra will
appear in the bottom window.

@

The added order can be scaled to match the level of the anchor order,
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, Xmergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field. Alternatively, the
user cah enter a number in this field and Xmergeorders will scale the
added order accordingly. To reset the scale, type 1.0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g,, Orders
3 and 4 of ShortXD) the user can still scale the added order by
manually typing the scale factor in the Scale field,

@

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged, Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or 'l' (or click
‘Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction,
The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or 'l', To undo any cut, type "u",

A preview of what Xmergeorders will produce for any two plotted
spectra can be seen by selecting the "Combine” button, Selecting

the "Overlap” button will show the two separate spectra again,
Either spectrum can be temporarily removed from the plot by unchecking
the "Blue" or "Green" buttons in the Xmergeorders panel,

=3

When the user is satisfied with the scaling and trimming of the

the spectra, s/he should click on the "Merge Orders" button,
#mergeorders will then combine the spectra using a weighted average.
1, Repeat steps 7-10 until all orders are merged,

. Write the Output File

2, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "lirite File" button.

%

Done

X| Xmergeorders

Quit

1. Load Spectra

Lursor X: 0,912376

LT

Spec Type: > Overlap .- Combine Plot Spectrum: |~ Biue |~ Green

Spectra| : | hd135344.Fits]

7 Weighted Mean

Load Spectrum

2. dportien: DY —

Anchor Order: 08 —

3. Cut/Scale/Merge Spectra

Add Order: 06 —

Scale: |1,00000 Auto Scale

Trim Spectrum: - Green “* Blue

Trim Direction: “ Right - Left

Merge Orders

Overlappling Spectra

8x1072 "

« 5x10712

4x10™2

X Min: |;so,so4174 X Max: | 1,21200 ¥ Min: |zs.391osg-12 ¥ Max: |8,12367e-12

4. Write Spectra to File

_{ Text Output

—

virite File |

File Name

Signal-to—Nolse Spactra

Y Min: |131,366 Y Max: | 873,208

Help
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Now, orders 3 and 4 do not actually overlap, so it will require a bit of guesswork as to how much adjusting is needed. Most of the orders don’t
require much, so you might even leave this

X! Xmergeorders Help File

alone.

11,

1

1
111
1.

6, Choose an "Anchor Order" from the pull down menu, The Anchor order
is the order with which Xmergeorders will start, All other orders will
be added to this order (with appropriate scaling factors if desired).

Adding Orders

7. After choosing an Anchor order, Xmergeorders will present a list of
of neighboring orders that can be merged with the anchor order, For
example, if the Anchor order is selected to be order 7, Xmergeorders
will allow the user to choose either order 6 or 8 to be merged with
order 7, Select the order to be added, The anchor order and the order
to be added will both be plotted in the upper plot window next to the
control panel for Xmergeorders, The anchor order will appear in blue,
and the order to be added will appear in green, The S/N spectra will
appear in the bottom window,

@

The added order can be scaled to match the level of the anchor order,
Type "s" (for "select"), and click with the left-most mouse button on
the short and long wavelength boundaries of the region to be used to
compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, ¥mergeorder will compute the best scale factor
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergeorders will scale the
added order accordingly, To reset the scale, type 1,0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g., Orders

3 and 4 of ShortXD) the user can still scale the added order by
manually typing the scale factor in the Scale field.

7}

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged, Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or '1' {or click
'Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction,
The blue spectrum can be trimed in a similar fashion by typing

'b" and the 'r' or 'l', To undo any cut, type "u".

A preview of what Xmergeorders will produce for any two plotted
spectra can be seen by selecting the “Combine” button, Selecting

the "Overlap" button will show the two separate spectra again,

Either spectrum can be temporarily removed from the plot by unchecking
the "Blue" or "Green" buttons in the Xmergeorders panel.

1=3

When the user is satisfied with the scaling and trimming of the

the spectra, s/he should click on the "Merge Orders" button,
Xmergeorders will then combine the spectra using a weighted average.
1, Repeat steps 7-10 until all orders are merged.

. Write the Output File

2, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the “lirite File" button,

1

X! Xmergeorders

Quit

Done

7 Weighted Mean

| Load Spectrum

2. ppertent By ~

Anchor Order: 08 —

3. Cut/Scale/Merge Spectra

Add Order: 03 —
Scale: |1,00000 Auto Scale

Trim Spectrum: \ - Green “* Blue

Trim Direction: Right - Left

Lursor X: 1.58074

Spec Type: > Overlap -~ Combine

3.2x107 =

Plot Spectrum: |~ Blue |~ Green

Overlapping Spectra

X Min: Ia,mm X Max: | 2, 42601

Merge Qrders
\

4. Write Spectra to Hle

_{ Text Output

File Name:

Y Min: |167,019 Y Max: |1211,60

Help

Remember that you can also do the adjusting by typing in a scale factor manually, and hitting return.
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When all orders have been merged, you will be told that the merging is complete:

X/ Xmergeorders
Quit
1. Load Spectra

[j:ursur Ko 1,58248

Spec Type: <> Overlap - Combine

Plot Spectrum: |~ Blue |7 Green
Spectra| : | hd135344,fits

I~ Weighted Mean

Load Spectrum I

2. dpertiwst B —

Anchor Order:

08 —

Merging complete.
3. CutiScale/Merge Spectra

Add Order: 03 —
Scale: |1,00000 Auto Scale

Trim Spectrum: - Green > Blue

X Min: Iﬁ,uos? X Max: |2,42601
Trim Direction: “* Right - Left

Y Min: |1 69429¢-12

Y Max: |3,21074e-12

Merge Orders |

4. Write Spectra to File

_{ Text Output

File Name: ﬁ

Vrite File |

¥ Min: IT;u;?,ow v Max: |1211,60

Help
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Pick a file name to write the result to and hit Write File.

X| Xmergeoraers Help File \ X| Xmergeoraers

=

B. Choose an "Anchor Order” fAqm the pull down menu, The Anchor order Quit
is the order with which Xmerdgorders will start, All other orders will

be added to this order {with aprropriate scaling factors if desired). B 1
1. Load Spectra Lursor ¥: 1,58595

11, Adding Orders
Path| : |}
7. After choosing an Anchor order, Xmergedkders will present a list of Spec Type: “» Overap -~ Combine Plot Spectrum: |7 Blue |~ Green

will allow the user to choose either order BN\ 8 to be merged with Spectra| : Ihd135344.f'its:

window next to the
1 appear in blue, 7 Weighted Mean
N spectra will

control panel for Xmergeorders, The anchor order w
and the order to be added will appear in green, The

appear in the bottom window, Load Spectrum
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Type "s" (for "select"), and click with the left-most mouse Dytton on

the short and long wavelength boundaries of the region to be uded to 2, Pportieel B ~
compute the relative scaling factor, llhen the user clicks on the
"Auto Scale" button, Xmergeorder will compute the best scale factol
for the added order and re-plot the scaled spectrum, The computed
scale factor will be shoun in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergeorders will scale the
added order accordingly, To reset the scale, type 1,0 in the

scale field and hit return, Note the 's' button will only

work if the two spectra overlap, If there is no overlap, (e.g,, Orders
3 and 4 of Short¥D) the user can still scale the added order by
manually typing the scale factor in the Scale field.,

Merging complete.

Anchor Order: 08 —

3. Cut/Scale/Merge Spectra

Add Order: 03 —
cale: |1,00000 Auto Scale

Trim Spectrum: ., Green > Blue

o

Sections of either the anchor order or the added order can be cut
out before the two spectra are merged. Tuype "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or '1' (or click
'Left' or 'Right' for the Trim Direction). Clicking with the
left-most mouse button removes the spectrum in the desired direction.
The blue spectrum can be trimed in a similar fashion by typing

‘b' and the 'r' or '1'., To undo any cut, tupe "u“.

X Min: |1,41037 X Max: | 2,42601 ¥ Min: |1,69429¢-12 Y Max: |2,21074-12

Trilp Direction: “* Right - Left

A preview of what Xmergeorders will produce for any two plotted \ Merge Orders
spectra can be seen by selecting the "Combine” button, Selecting \

the "Overlap" button will show the two separate spectra again,

Either spectrum can be temporarily removed from the plot by unchecking
the "Blue" or "Green" buttons in the Xmergeorders panel,

10, When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Herge Orders" button,

¥mergeorders will then combine the spectra using a weighted average, qd
11, Repeat steps 7-10 until all orders are merged.
Write File |
III. Write the Output File
12, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Urite File" button, b
] ¥ Min: I}lsr,ms ¥ Max: |1211.60

Done l

You can select Text Outpﬁ and get a text file as well as a FITS file (if you want).

Help
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The program also shows you a plot of the final product:
«Hala X Xvspec - hd135344-sxd-merged.fits

Done

Read FITS| Header Order 00

4 FAux -« Eror -, SiN

| Color I | Gaussian Smooth I

-1 Modify Range  _| Fix Range

I Pizel Axis  _| Ylog

£
z
-

Help

Hopefully all of your spectra will look wonderful!
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Merging Noisy LXD:

First, re-scale the plots manually (fill in & hit return for BOTH entries):

X! Xmergeorders

Quit

Lursor ¥: 2,99811

Plot Spectrum: |~ Blue |~ Green

i1 Loau\Sne\cha\
By

Spec Type: “ Overap - Combine

Spectra| : [HD135344—L IP.fits) Overlappling Spectra

|7 Weighted Mean

I Load Spectrum

2. pportn: BY _-I

Anchor Order: 08 —

3. Cut/Scale/Merge Spectra

Add Order: 07 —

Scale: |i1,00000 Auto Scale

Trim Spectrum: <> Green - Blue

A pax: | 13, (3674212

X Max: |§,12491 ¥ Min: |-$—12

X Min: ’72.22379

Trim Direction: > Right - Left
Signal—-to—Nolse Spectra

Merge Orders l

4. Vrite Spectra to File

J” Text Output

File Name: | d135344-1xd-nerged

Write File

¥ Min: ’}1‘31157 ¥ Max: |:359.290
I

Help

Using the Auto Scale here is pointless — it will be trying to normalize noise to noise, so you will have to use the Manual scaling here (when in

doubt, use 1.0).
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Then cut out the bad spots for the blue and the green (set green, cut right, then click on the cut point with the mouse;
Then set blue, cut right, click on the cut poilt)\Generally you can cut the data out that has much lower S/N of the two sets.

X! Xmergeorders

Quit |
1. Load Spectra Nw s 2,90094
Path] : |1 .
Spec Type: < Overlap ., Combine Plot Spectrum: |7 Blue |~ Green
Spectra| : IHD135344—LKD—IP.FitsI Overlapping Spectra

7 Weighted Mean

I Load Spectrum I

AN\Pperiare: 81

X Min: I;Q.22379 X Max: |2,12491 Y Min: | -Ge-12 Y Max: | 13,(3674e-12

Trim Direction: > Right - Left

Slgnal—to—Nolse Spectra
Merge Orders |

4. Write Spectra to File

I~ Text Output

File Name: | d135344-1xd-nerged

Vrite File |

¥ Min: |1,31167 ¥ Max: | 359,290

Help I
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Then expand in Y direction to see what need to be done.

X! Xmergeorders
Quit
1. Load Spectra |jcursor X: 3.03668
Pat| | _
Spec Type: “* Overlap - Combine Plot Spectrum: |~ Blue |~ Green
Spectra : ’HI]135344—LXD-IP.Fits:

7 Weighted Mean

Overlapping Spectra

Load Spectrum I

2. fdpertiwel B

Anchor Order:

08 —

3. Cut/Scale/Merge Spectra

Add Order: 07

Scale: |1,00000 Auto Scale

Trim Spectrum: .- Green “* Blue

Trim Direction: “* Right .- Left

Merge Orders ]

Slgnal—to—Nolse Spectra

4. Write Spectra to File

|7 Text Output

File Name: | d135344-1xd-nerged

Virite File [

¥ Min: |+1,31167 Y Max

: | 359,290

Help
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Now, as a “reality check”, it is useful to read the FITS file and make a plot of A versus F(L)*A"* or something close to that. Because at these
wavelengths most stars are close to being blackbodies in the Rayleigh-Jeans tail (where B(L)e<A™), this “flattens” the data out, making scaling
errors much easier to see. Here is an example of an AOV star after the joining of LXD to SXD in xmergexd (a later step):

QOX/‘Oiw“ T T T T T 17T T T T T 7T T T T T 17T T T T T 17T T T 7T T T T T T T 17T T T T T 7T T T T 17T T T T T T 17T T T
1.5x107"" —
€ | |
~ L i
g -1
3 1.0x107 " = |
= n |
[y L |
~< | (W —
5.0x107'2 |~ W"’T -
O ] I Y I I A | ‘ I I ‘ | O O | ‘ | I Y O | ‘ | Y O | ‘ ] I Y I I A |
0 1 2 3 4 5 6

A (um)
The jump between the tiny portion of LXD data near 2.4 um and the longward of 3 um would have been very tough to see without doing this

exercise. I show this at the xmergeorders stage because you may need to fix you data here before proceeding to xcleanspec and xmergexd.
This is the difficulty in merging data (which may have a spectral slope) when the area use to do the scaling is nothing but noise.
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XCLEANSPEC

Many spectra, especially LXDs, will be noisy, especially in regions where telluric features are strong. One can snip out bad parts, fudge in

straight line, and smooth them.

X\ Xcleanspec Help File

0, Type "xcleanspec” at the IDL prompt, This will bring up the
¥cleanspec widget,

I, Loading the Data

1, If the user is not working in the directory where the
data is stored, enter the path either by clicking on
the Path button or by typing the path into the field,
IF THE USER IS IN THE DIRECTORY WHERE THE DATA IS LOCATED,
THEN THIS FIELD CAN BE LEFT BLANK,

2, Load the standard spectra by giving the filename in the
"Input Spectrum" field,

II, Cleaning the Spectra

3, The user has two options to clean the spectra, To fix
a region of the spectra, type 'f' and then press and release
the left mouse button on the left and right side of the
bad region, The bad region is replaced using the edge
pixels to define a line, Type "s" to save the edit or
"u" to undo the edit, Alternatively, the user can simply
remove a region of the spectrum by typing 'r' instead of 'f'.

II1, Smoothing the Spectra

4, Choose either "Savitzky-Golay", which will smooth the spectra
while preserving the average resolving power, or Gaussian which
will allow the user to smooth the spectra with a Gaussian kernel,

Sa. The Savitzky-Golay (SG) smoothing routine is described in
Numerical Recipes, Xsmoothspec will automatically
provide an estimate of the best SGC window based on the slit width
in pixels, The best window size is typically 1 to 2 times the slit
width, although we have found that for the 0.3 arcsecond slit,
1.5 times the slit width does nothing, The degree of the
smoothing function can also be chosen, but must always be less
than the window size, *PLEASE CHECK THE FINAL SPECTRA TO MAKE
SURE YOU ARE HAPPY WITH THE RESULTS.*

Sb, The Gaussian routine will smooth the spectra with a Gaussian
with the requested FWHM, MNote since the resolving power
changes as a function of wavelength, only the average resolving
power will be modified, The default FWHM is the slit width given
in pixels,

B, The resulting smoothed spectra can now be cleaned again using
either the 'f' or 'r' cursor commands, However, the spectra
cannot be smoothed again,

X\ Xcleanspec

A Quit |

| 1. Load Spectra Lursor X: 3,81101, V:-54,5678  Spectrum X: 3,81132, Y:212,951

ua“' : | s/desktop/spex-conpleted/, ‘ _I Plot Hydrogen Lines  _i Plot Atmosphere
Input Spectrum| : | hd135344-1xd-me

Load Spectrum ]

2.5x107"

2.0x107"

| 2. Edit Spectra

Order: 00 — | Aperture: 01

Spectrum: “* Flux - Emror

1.5x107"
 {.0x107"2
0 x -13

3. Smooth Spectra S0x10

“ Savitzky-Golay - Gaussian

SG Window: | 8,0 Degree: |2

Smooth Spectra

X Max: | 5,46791 ¥ Min: | D,00000 Y Max: | 2,71394e-12

| ‘ X Min: |?;>.41537

4. Write Spectra to File

I Text Output

File Name: |

write File |

ST
4.0
A {um)

‘ ¥ Min: |§»o.e17703 ¥ Max: | 359,290

=]

>

Help |

Here I loaded an LXD, but the autoscaling used the noise to set the y-range, so I manually adjusted it he‘é to increase the scale by 10x —so |

could SEE what I was doing!
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In order to see things up close, I decided to expand the wavelength range around the region of interest:

X Xcleanspec Help File X Xcleanspec

A Quit

0, Type "xcleanspec" at the IDL prompt, This will bring up the

1. Loading the Data Path| : Is/desktop/spex-cnmpleted/{

1,

2,

II. Cleaning the Spectra

3.

I11, Smoothing the Spectra 4 Savitzky-Golay - Gaussian

4,

Sb.

Hcleanspec widget. 1. Load Spectra Ij:ursnr' X3 2,43429, Y:-76,0667 Spectrum X: 2,43405, Y:230,401

‘ I Plot Hydrogen Lines  _| Plot Atmosphere

If the user is not working in the directory where the
data is stored, enter the path either by clicking on

the Path button or by typing the path into the fiel, Input Spectrum| : | hd135344-1xd-me
IF THE USER IS IN THE DIRECTORY WHERE THE DATA IS LDCRTED

THEN THIS FIELD CAN BE LEFT BLANK, |

Load Spectrum |

Load the standard spectra by giving the filename in the
"Input Spectrum” field,

2. Edit Spectra

Order: 00 — | Aperture: 01 —
The user has two options to clean the spectra, To fix

a region of the spectra, tupe 'f' and then press and release
the left mouse button on the left and right side of the

bad region, The bad region is replaced using the edge
pixels to define a line, Type "s" to save the edit or

"u" to undo the edit, Alternatively, the user can simply
remnve a region of the spectrum by typing 'r' instead of 'f'.

Spectrum: “ Fux - Eror

3. Smooth Spectra

Choose either "Savitzky-Golay", which will smooth the spectra

while preserving the average resolving power, or Gaussian which SG Window: | Sy ’~_
will allow the user to smooth the spectra with a Gaussian kernel, 3.0 g 2

The Savitzky-Golay (SG) smoothing routine is described in Smooth Spectra I
Numerical Recipes, Xsmoothspec will automatically

provide an estimate of the best SG window based on the slit width
in pixels, The best window size is typically 1 to 2 times the slit 4. Write Spectra to File
width, although we have found that for the 0,3 arcsecond slit,
1.5 times the slit width does nothing, The degree of the

smoothing function can also be chosen, but must always be less ElEExtOwpt
than the window size, *PLEASE CHECK THE FINAL SPECTRA TO MAKE

SURE YOU ARE HAPPY WITH THE RESULTS.* File Name: lii

The Caussian routine will smooth the spectra with a Caussian
with the requested FWHHM, MNote since the resolving power Write File
changes as a function of wavelength, only the average resolving

power will be modified, The default FWHM is the slit width given
in pixels, 2. 2.50

A {um)

The resulting smoothed spectra can now be cleaned again using

Y Max:

2,71394e-12

either the 'f' or 'r' cursor commands, However, the spectra
cannot be smoothed again,

£0,817703 Y Max: | 359,290

Here,

1 1 Help

it is apparent that the increased noise in the spectrum is accompanied by a drop in S/N.
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I decided to snip out the “bad” stuff using “r” (“remove”) instead of “f” (“fix”") and left-clicking on the 2 wavelengths where I was snipping:

X Xcleanspec Help File X\ Xcleanspec

=

Quit |

0, Type "xcleanspec" at the IDL prompt, This will bring up the -
¥cleanspec widget. 1. Load Spectra ’gursor X: 2,50407, ¥:-105,628 Spectrum X: 2,50426, Y:192,106

I. Loading the Data : = ¥
__IPath ¢ | s/desktop/spex-conpleted/: ‘ _1 Plot Hydrogen Lines  _{ Plot Atmosphere

1. If the user is not working in the directory where the
data is stored, enter the path either by clicking on

the Path button or by typing the path into the field, Input Spectrum| : | hd135344-1xd-me

IF THE USER IS IN THE DIRECTORY WHERE THE DATA IS LOCATED,

THEN THIS FIELD CAN BE LEFT BLANK. 2.5x107'
| Load Spectrum I
2, Load the standard spectra by giving the filename in the s
Input Spectrum" field, 2. Edit Spectra 2.0x10

II, Cleaning the Spectra -

Order: 00 — | Aperture: 01 — 1.5x107"

3. The user has two options to clean the spectra, To fix

a region of the spectra, type 'f' and then press and release
the left mouse button on the left and right side of the S ’ 1.0x107"
bad region, The bad region is replaced using the edge Spectrum: Flux + Eror
pixels to define a line, Type "s" to save the edit or
"u" to undo the edit, Alternatively, the user can simply 5.0x107"
remove a region of the spectrum by typing 'r' instead of 'f', 3. Smooth Spectra

I1, Smoothing the Spectra “ Savitzky-Golay - Gaussian

4, Choose either "Savitzky-Golay", which will smooth the spectra

while preserving the average resolving power, or Gaussian which SG Window: lv— Degree: l_
will allow the user to smooth the spectra with a Gaussian kernel, 8.0 4 2

5a. The Savitzky-Golay (SG) smoothing routine is described in Smooth Spectra | ERE [2'41537 X Max: |2.6 ¥ Min: 15.00000 ¥ Max: | 2.71384e-12
Numerical Recipes, Xsmoothspec will automatically
provide an estimate of the best SGC window based on the slit width
in pixels, The best window size is typically 1 to 2 times the slit 4. Write Spectra to File
width, although we have found that for the 0.3 arcsecond slit,
1.5 times the slit width does nothing, The degree of the _I Text Output

smoothing function can also be chosen, but must always be less
than the window size, *PLEASE CHECK THE FINAL SPECTRA TO MAKE
SURE YOU ARE HAPPY WITH THE RESULTS,* File Name:

5b, The Gaussian routine will smooth the spectra with a Gaussian

with the requested FUHM, Note since the resolving power Write File |
changes as a function of wavelength, only the average resolving

power will be modified, The default FWHM is the slit width given
in pixels, , 2.50

A {um)

B, The resulting smoothed spectra can now be cleaned again using
either the 'f' or 'r' cursor commands, However, the spectra
cannot be smoothed again.

¥ Min: I}o.smos ¥ Max: | 259,230

4 ‘
~ ! Help !

This neatly clipped the bad stuff out. I liked the result, so I hit “s” for “save”. NOTE: You MUST do a save after every individual edit, or they
will be lost! Also note that the “meaning” of “s”: has changed from earlier routines of Spextools, where “s” meant “select”.
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Okay, I went along snipping away, until I saw

X' Xcleanspec Help File

0, Type "xcleanspec" at the IDL prompt, This will bring up the
Hcleanspec widget.

I. Loading the Data

1. If the user is not working in the directory where the
data is stored, enter the path either by clicking Dn
the Path button or by typing the path into the field
IF THE USER IS IN THE DIRECTORY WHERE THE DATA IS LUERTED
THEN THIS FIELD CAN BE LEFT BLANK,

2, Load the standard spectra by giving the filename in the
“Input Spectrum" field,

1I, Cleaning the Spectra

3. The user has two options to clean the spectra, To fix
a region of the spectra, type 'f' and then press and release
the left mouse button on the left and right side of the
bad region, The bad region is replaced using the edge
pixels to define a line, Type "s" to save the edit or
"u" to undo the edit, Alternatively, the user can simply
remove a region of the spectrum by typing 'r' instead of 'f',

III, Smoothing the Spectra

4, Choose either "Savitzky-Golay", which will smooth the spectra
while preserving the average resolving power, or Gaussian which
will allow the user to smooth the spectra with a Gaussian kernel,

Sa, The Savitzky-Golay (SG) smoothing routine is described in
Numerical Recipes, Xsmoothspec will automatically
provide an estimate of the best SG window based on the slit width
in pixels, The best window size is typically 1 to 2 times the slit
width, although we have found that for the 0,3 arcsecond slit,
1.5 times the slit width does nothing, The degree of the
smoothing function can also be chosen, but must always be less
than the window size, *PLEASE CHECK THE FINAL SPECTRA TO MAKE
SURE YOU ARE HAPPY WITH THE RESULTS.*

Sb. The Gaussian routine will smooth the spectra with a Gaussian
with the requested FWHM, Note since the resolving power
changes as a function of wavelength, only the average resolving
power will be modified, The default FWHM is the slit width given
in pixels,

B, The resulting smoothed spectra can now be cleaned again usj
either the 'f' or 'r' cursor commands, However, the g
cannot be smoothed again,

L-|

file name;and just saved the result.

Note: you can also see the location of Hydrogen lines or the telluric features by clucking on these boxes. This is often very useful (especially in

X' Xcleanspec

Quit

1. Load Spectra Ii:ursor- He 4,41737, ¥14,55435  Spectrum X: 4,44873, YiNaN

Path| : |s/desktup/spex-completedfi 1 Plot Atmosphere

"

I Plot Hydrogen Lines
N

Input Spectrum| : | hd135344-1xd-ne

Load Spectrum |

2. Edit Spectra

Order: 00 — | Aperture: 01 —

Spectrum: “* Flux -« Error

3. Smooth Spectra

“ Savitzky-Golay - Gaussian

SG Window: | 8,0 Degree: |2

Y Min:

0.00000

Smooth Spectra

I

4. Virite Spectra to File

| Text Output

Write File

Y Max:

2,713%4e-12

the LXD data) to know when features are real, and when they are telluric — both noise and systematics (airmass....)
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N\ Xvspec - hd135344-Ixd-merged-cleaned.fits

Done

Read FITS| Header| Order 00

“ Flux -« Emor - SIN

Aperture 1 —

[ color | | Gaussian Smooth |

| Modify Range  _I Fix Range

1.2x10712

-1 Pizel Axis  _I Ylog

8.0x10™1%

6.0x1D7'%

4,0%1p™%

Help
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XMERGEXD

Load your cleaned LXD and SXD spectra and hit Load Spectrum.

X' Xmerg Help File X! Xmergexd

Quit |

I. Starting Up

1, Type “xmergexd” at the IDL prompt, This will bring up the ,E.‘ursor X 3.35202

¥mergexd panel,

b

Type in the file name of the ShortXD data, or click on the "ShortXD"

PN i 0
button and choose the file from the list shoun. ‘ Speciype: WIHED O LD (RRSTEIE |2 [ CRET

&

Type in the file name of the Long¥D data, or click on the "LongXD"
button and choose the file from the list shown,

Overlapping Spectra

4, Select whether or not to allow errors to be propagated throughout

™ Weighted Mean
the combining procedure,

5, Click on the "Load Spectrum" button to load the data file. Load Spectrum |
II. Combining the Spectra 2. CutiScale/Merge Spectra
6, Choose which spectrum, the SXD or LXD spectrum, will be the anchor o~
spectrum, Anchor: ShortXD - LongXD

7. The non-anchor spectrum can be scaled to match the level of the anchor
spectrum, Tuype "s" (for "select"), and click with the left-most mouse Scale:
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, Xmergexd will compute the best scale factor
for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergexd will scale the
non-anchor spectrum accordingly,

Auto Scale

Trim Spectrum: > Green - Blue

Trim Pirection: “* Right  Left

8. Sections of either the ShortXD or the LongXD can be cut A (um)
out before the tuo spectra are merged, Tuype "g" (or click "Green" Eerel e I
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or '1' {or click 4. [\Write Spectra to File X Min: | 0,806943 X Max: | 5,46791 Y Min: |2,47619e-13 Y Max: | 8.09761e-12
'Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction, _I Text Output

The blue spectrum can be trimed in a similar fashion by tuping Signal—to—Nolse Spectra

'b' and the 'r' or '1', To undo any cut, type "u". To undo any

cut, type "u'. File Name:

A preview of what Xmergexd will produce for the combined spectrum
can be seen by selecting the "Combine" button, Selecting the “Overlap” Write File [
button will show the two separate spectra again, Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
"Green" buttons in the Xmergexd panel,

9, UWhen the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders" button.
¥mergexd will then combine the spectra using a weighted average,

ITI, Write the Output File

10, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Urite File" button,

¥ Min: I;*Lsszsz ¥ Max: I;tzn.so

~ j==q
Done / | Help I

You will also need to decide which section to anchor. I like picking the one with the best S/N, which will usually be SXD.
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Here, zoom in on the region of interest by entering in the proper values in the boxes.

X Xmergexd Help File X! Xmergexd
8 [N |
\
A\

I. Starting Up

1

1, Type “xmergexd" at the IDL prompt, This will bring up the 1. Load Spectra I“
¥mergexd panel,

. . . " ShortXD| : - L fits 2
“ lﬁ'ﬁ&é!ﬁ'&iﬁéi&"iﬂi ?f12"&22"2&2”1?223;;133”?1‘°k o the “Sterts EE e Spec|Type: \* OveMap . ‘Combine Plot Spectrum: |~ Blue | Green ‘
i e e L8 B e . Overlapplng Spectra
4. Select uhether or not to allow errors to be propagated throughout 7 Weighted Mean
the combining procedure,
5, Click on the "Load Spectrum" button to load the data file, Load Spectrum I
11, Combining the Spectra 2. Cut/Scale/Merge Spectra
B, Choose which spectrum, the SKD or LXD spectrum, will be the anchor

spectrun, Anchor: “ ShortXD - LongXD

7. The non-anchor spectrum can be scaled to match the level of the anchor
spectrum, Tupe "s" (for "select"), and click with the left-most mouse Scale: |1,00000 Auto Scale
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor, Wlhen the user clicks on the
"Auto Scale" button, Xmergexd will compute the best scale factor
for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergexd will scale the
non-anchor spectrum accordingly.

Trim Spectrum: “> Green - Blue

Trim Direction: “* Right - Left

8. Sections of either the ShortXD or the LongXD can be cut
out before the two spectra are merged, Tupe "g" (or click "Green" Mergelopecta I
for the Trim Spectrum) to trim regions from the green spectrum,
Then choose the direction of the cut by typing 'r' or 'l' (or click 4. Write Spectra to File
‘Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction, _1 Text Output

The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or '1', To undo any cut, type "u", To undo any

cut, type "u", File Name:

A preview of what ¥mergexd will produce for the combined spectrum
can be seen by selecting the "Combine" button. Selecting the "Overlap” Write File ]
button will show the two separate spectra again., Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
"Green" buttons in the ¥mergexd panel.

Signal-to—Nolse Spectra

9. When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders" button,
¥mergexd will then combine the spectra using a weighted average,

III, Write the Output File

10, When all orders have been merged, give the name of the output file
in the "File Name" field and click on the "Write File" button.

Y Min: |1,89233 Y Max: |1211.60

Done I Help I
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Use “s” to select the wavelength region to do the scaling, and lest-click on the ends of the wavelength interval over which to normalize.

X Xmergexd Help File X! Xmergexd
Al Quit \ |

I. Starting Up \
al

Type "xmergexd" at the IDL prompt, This will bring up the 1. Load Spectra |:£ur'snr K 2,35611
¥mergexd panel,

Type in the file name of the ShortXD data, or click on the "ShortXD" ShortXD| : | erged-cleaned.fits

g 78 i 5
button and choose the file from the list shoun. R ILGE CroriapisActmblic it Spactian: sl Rceeen

b

3. Type in the file name of the LongXD data, or click on the "LongXD" LongXD| : |er ed-cleaned, fits QOverlapp! spectr
button and choose the file from the list shown, L g ETORRENG Spacine
4, Select whether or not to allow errors to be propagated throughout I Weighted Mean

the combining procedure,
5. Click on the "Load Spectrum" button to load the data file. | Load Spectrum I

II, Combining the Spectra 2. Cut/Scale/Merge Spectra
B, Choose which spectrum, the SXD or LXD spectrum, will be the anchor -
spectrum, Anchor: ShortXD - LongXD

7. The non-anchor spectrum can be scaled to match the level of the anchor
spectrum, Type "s" (for "select"), and click with the left-most mouse Scale: |i1,00000 Auto Scale
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, Xmergexd will compute the best scale factor
for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the

user can enter a number in this field and Xmergexd will scale the S -
non-anchor spectrum accordingly. Trim Directinf: > Right - Left

5

Sections of either the ShortXD or the LongXD can be cut

out before the two spectra are merged. Tupe "g" (or click “Green"
for the Trim Spectrum) to trim regions from the green spectrum, /

Then choose the direction of the cut by typing 'r' or 'l' {or click A 4. Virite Spectra to File X Min: IZ.Z X Max: | 2,6 Y Min: | 1e-12 Y Max: | Z-12
'Left' or 'Right' for the Trim Direction), Clicking with the

left-most mouse button removes the spectrum in the desired direction.
The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or 'l1', To undo any cut, tupe "u". To undo any
cut, tupe "u".

Merge Spectra

I Text Output

File Name: |}

write File |

A preview of what Xmergexd will produce for the combined spectrum

can be seen by selecting the "Combine" button, Selecting the "Overlap"
button will show the two separate spectra again. Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
"Creen" buttons in the Xmergexd panel.

9. When the user is satisfied with the scaling and trimming of ti
the spectra, s/he should click on the "Merge Orders" buttol
¥mergexd will then combine the spectra using a weighted

II. Write the Output File

10, When all orders have been merged, give the
in the "File Name" field and click on th

e of the output file
rite File" button,

Y Min: |1,89233 Y Max: |1211.60

Done | Help

Hit Auto Scale.
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Auto scaling will bring the LXD into agreement with the anchored SXD.

X Xmergexd Help File

1, Starting Up

1. Type "xmergexd" at the IDL prompt. This will bring up the
¥mergexd panel,

2, Type in the file name of the Short¥D data, or click on the "ShortD"
button and choose the file from the list shouwn,

3. Type in the file name of the LongXD data, or click on the "LongXD"
button and choose the file from the list shown,

4, Select whether or not to allow errors to be propagated throughout
the combining procedure.

5, Click on the "Load Spectrum" button to load the data file,
11, Combining the Spectra

B. Choose which spectrum, the SXD or LXD spectrum, will be the anchor
spectrum,

7. The non-anchor spectrum can be scaled to match the level of the anchor
spectrum, Tupe "s" (for "select"), and click with the left-most mouse
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, ¥mergexd will compute the best scale factor
for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field. Alternatively, the
user can enter a number in this field and Xmergexd will scale the
non-anchor spectrum accordingly.

L5

Sections of either the ShortXD or the LongXD can be cut

out before the two spectra are merged, Tupe "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or '1' (or click
'Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction,
The blue spectrum can be trimed in a similar fashion by typing

‘b and the 'r' or '1'. To undo any cut, type "u". To undo any
cut, type "u".,

A preview of what Xmergexd will produce for the combined spectrum

can be seen by selecting the "Combine" button, Selecting the "Overlap”
button will show the two separate spectra again, Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
“Green" buttons in the Xmergexd panel,

9. When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders" button.
¥mergexd will then combine the spectra using a weighted average,

111, Urite the Output File

10, Wlhen all orders have been merged, give the name of the output file
in the “File Name" field and click on the "lrite File" button,

|

Done

If you don’t have any overlap between the two sets of data, Autoscale

X Xmergexd
Quit

1. Load Spectra [:Eursnr X: 2,39514

ShortXD| : Ier’ged-tleaned.f‘ its
LongXD| : | erged-cleaned.fits

7 Weighted Mean

Spec Type: “ Overlap - Combine Plot Spectrum: |7 Blue |7 Green

Qverlapping Spectra

Load Spectrum |

2. CutiScale/Merge Spectra

Anchor: > ShortXD - LongXD

Auto Scale

Trim Spectrumy <> Green - Blue

Trim Direction: Right - Left

Merge|Spectra

ayed
PV
7

by

(

¥

4. Vrite Spectra tq File

2.6 Y Min: | 1e-12 Y Max: | Z-12

I Text Output Signal—to—Nolse Spectra

File Name:

Y Min: |1,89233

Y Max: |1211,60

Help

rescale by filling in the value you deem appropriate in the box, and hitting return.
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Now, back to look at the whole spectrum.

\ Xmergexd Help File

I. Starting Up
1

Type "xmergexd" at the IDL prompt, This will bring up the
¥mergexd panel,

b

Type in the file name of the ShortXD data, or click on the "ShortXD"
button and choose the file from the list shown,

)

Type in the file name of the Long¥D data, or click on the "LongXD"
button and choose the file from the list shown,

&

Select whether or not to allow errors to be propagated throughout
the combining procedure,

5. Click on the "Load Spectrum" button to load the data file.
II. Combining the Spectra

B, Choose which spectrum, the SXD or LXD spectrum, will be the anchor
spectrum,

&

The non-anchor spectrum can be scaled to match the level of the anchor
spectrum, Type "s" (for "select"), and click with the left-most mouse
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor, When the user clicks on the
"Auto Scale" button, Xmergexd will compute the best scale factor

for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shown in the "Scale:" field, Alternatively, the
user can enter a number in this field and Xmergexd will scale the
non-anchor spectrum accordingly.

2

Sections of either the ShortXD or the LongXD can be cut

out before the two spectra are merged, Type "g" (or click "Green"
for the Trim Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by typing 'r' or '1' (or click
'Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrum in the desired direction.
The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or '1', To undo any cut, type "u". To undo any

cut, type "u",

A preview of what Xmergexd will produce for the combined spectrum

can be seen by selecting the "Combine" button, Selecting the "Overlap"
button will show the two separate spectra again, Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
"Green" buttons in the Xmergexd panel.

2

When the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the “Merge Orders" button,
¥mergexd will then combine the spectra using a weighted average,

III. Write the Output File

10, When all orders have been merged, give the name of ti
in the "File Name" field and click on the "Urite E#A8" button,

Done

=

Hit Merge Spectra.

X' Xmergexd

Quit

1. Load Spectra

ShortXD| : | erged-cleaned.fits
LongXD| : | erged-cleaned,fits

7 Weighted Mean

| Load Spectrum |

2. CutiScalefMerge Spectra

Anchor: > ShortXD - LongXD

Scale: |1,03138 Auto Scale

Trim Spectrum: > Green - Blue

Trim Direction: “* Right - Left

Merge Spectra

Write File |

| Lursor ¥: 2,99919

Spec Type: “ Overlap .- Combine

. 4x10712

2x107"?

Plot Spectrum: |7 Blue |7 Green

Overlapping Spectra

¥ Min: | ¢ ¥ Max: | 1e-11

Signal—to—Nolse Spectra

¥ Min: |1,89233

Help

Y Max: |1211,60
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Unfortunately, nothing exciting appears...

X Xmergexd Help File

1,

oL

L

6.

)

&

9.

10,

II1. Write the Output File

1. Starting Up

Tupe "xmergexd" at the IDL prompt, This will bring up the
Hmergexd panel,

. Tupe in the file name of the ShortXD data, or click on the "ShortD"

button and choose the file from the list shoun,

Type in the file name of the Long!D data, or click on the "LongXD"
button and choose the file from the list shown,

Select uhether or not to allow errors to be propagated throughout
the combining procedure.

Click on the "Load Spectrum" button to load the data file,

+ Combining the Spectra

Choose which spectrum, the SXD or LXD spectrun, will be the anchor
spectrun.

The non-anchor spectrum can be scaled to match the level of the anchor
spectrun. Type "s" (For "select”), and click with the left-most mouse
button on the short and long wavelength boundaries of the region to be
used to compute the relative scaling factor. When the user clicks on the
"Auto Scale" button, Xmergexd will compute the best scale factor

for the non-anchor spectrum and re-plot the scaled spectrum, The computed
scale factor will be shoun in the "Scale:" field. Alternatively, the
user can enter a number in this field and Xmergexd will scale the
non-anchor spectrum accordingly.

Sections of either the ShortdD or the LonghD can be cut

out before the two spectra are merged, Tupe "g" (or click "Green"
for the Trin Spectrum) to trim regions from the green spectrum,

Then choose the direction of the cut by tuping 'r' or '1' (or click
‘Left' or 'Right' for the Trim Direction), Clicking with the
left-most mouse button removes the spectrun in the desired direction.
The blue spectrum can be trimed in a similar fashion by typing

'b' and the 'r' or '1', To undo any cut, type "u”, To undo any

cut, type "u".

A preview of what Xmergexd will produce for the combined spectrum

can be seen by selecting the "Combine" button, Selecting the "Overlap”
button will show the tuo separate spectra again. Either spectrum can
be temporarily removed from the plot by unchecking the "Blue" or
"Green" buttons in the Xmergexd panel.

Uhen the user is satisfied with the scaling and trimming of the
the spectra, s/he should click on the "Merge Orders” button,
mergexd will then combine the spectra using a weighted average.

Uhen all orders have been merged, give the name of the outs
in the "File Name" field and click on the "Urite File"

x|

X/ Xmergexd
Quit

1. Load Spectra

ShortXD| : | erged-cleaned,fits
LongXD| : |erged-cleaned,fits

I” Weighted Mean

| Load Spectrum l

2. Cut/Scale/Merge Spectra

Anchor: #* ShortXD - LongXD

Scale: |1,03138 Auto Scale

Trim Spectrum: > Green - Blue

Trim Direction: > Right - Left

Merge Spectra

4. Write Spectra to File

-1 Text Output

, File Name: ’7
WWrite File

Done

[ursor %: 2.07005

Spec Type: > Overap .- Combine Plot Spectrum: |~ Blue |~ Green

‘ ¥ Min: |;1.83233

Y Max: |1211,60

Help l

Enter the file name you want your final product to have, and hit Write File.

Note: because no path name is entered in xmergexd, the files get written to your home directory (wherever that may be).
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Look at the final spectral flux... .... and the S/N.

X Xvspec - hd135344-070501-complete.fits

X Xvspec - hd135344-070501-complete.fits
Done

Done

Read FITS| Header Order 00

“ FAux -~ Emor < S/N

[ cotor | [ Gaussian smootn |

Read FITS| Header Order 00

~ Aux  Emor © SN

| Color I | Gaussian Smooth I

I Modify Range |7 Fix Range 7 Modify Range |~ Fix Range
I Pixel Axis  _I Ylog

_1 Pixel Axis  _| Yiog

Order 0 —
Min: | 0,00000
Max: | 1500,00

Help

Help

CONGRATULATIONS! YOU ARE DONE!!
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Handling Prism Data

Most of procedures used to reduce the echelle data apply to data obtained with the prism. However, some differences in appearance (if not
procedure) exist, and these will be described here.
XSPEXTOOL

000 X| Ximgtool

I File I | View I | Cursor I Zonmlnl ZoanutI Centerl Invert| ﬂl

IE[L Auto Range, Linear, Zoom] (627,50, 385,50) -2,77778

———————— ,
The first thing is obvious — there is only one “order””! Now, I have used the prism with a very wide - 3.0 arcsec — slit in an attempt to get
something closer to “absolute flux levels” that one might get with a significantly narrower one. However, flats obtained through such a wide
slit saturate, making them useless. Arcs are also rendered useless, because the lines are to wide and blended for a proper wavelength

&4



calibration. So I have done the cal macros with a narrower slit (say 0.8 arcsec) than the star observations. This is sort of a cheat, but it does
seem to work.

Xspextool does a fine job in locating the spectra and tracing them.

SESES) X| Ximgtool 0O00n X/ Ximgtool
| File I |View | | Cursorl Zoomin| ZoomoOut| Center| Invert| Help| | File | |View | | Cursorl Zoomin| ZoomoOut| Center| Invert| Help|
I?Il, Auto Range, Linear, Zoom] (113,50, 53,50)  -1,94742 Iﬁ[l, Auto Range, Linear, Zoom] (405,50, 121,50)  -27,2639
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After doing the extraction you can see the low-resolution spectra, and simultaneously see all of the main telluric features. Here you can also see
why the wavelengths of the photometric J, H, and K filters were defined the way they were — to avoid telluric features as much as possible.

X Xvspec - hd310690794.fits
Done

Order 01

X Xvspec - spectra0786.fits

Done

Read FITS| Header Order 01

“ Aux < Emor - SIN

Read FITS| Header

“ Aux <  Error ., SIN

[ color | [ Gaussian Smooth |

I Color I | Gaussian Smooth I

I Modify Range  _I Fix Range

_I Modify Range  _I Fix Range
I Pixel Axis  _I Ylog

_i Pixel Axis _{ Yiog

Help

Help

Here you can also see a significant difference between the spectra of the two stars shown here. The one on the left is HD 31069, an AOV
calibrator use for this set of observations. On the right is AB Aur, an AOV pre-main sequence star with a disk of warm dust surrounding it. This
leads to a significant “infrared excess” that causes it to be systematically brighter at longer wavelengths than a “normal” A0V star.
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X xcombspec

Quit

XCOMBSPEC

l

\ xcombspec

Quit

1. Load Spectra: “* Manual - File

Path| : | /amazons/Desktop/spexmid/

File Read Mode: - Filename “* Index

Input Prefix: | abaur
Files| : | 786-789

Combine Apertures: “ Yes - No

Load Spectra |

Aperre: 1 | Plot:

Raw | Type:

Flux

2. Modify Spectra

a. Scale ~ | with Order: 01 —

3. Combine Spectra

Statistic:  Robust Weighted Mean |

Robust Threshold: |2,0

4. write Spectra

Output File: |] -1 Text

Write File

Help

Order COf

1. Load Spectra: > Manual - File

Path| : | /anazons/Desktop/spexnid/t
File Read Mode: - Filename “ Index
Input Prefix: W

Combine Apertures: > Yes - No

Load Spectra |

Aperure: 3 — | Plot: Raw | Type: Fux

2. Modify Spectra

a. Scale ~ | with Order: 01 —

3. Combine Spectra

Statistic:  Robust Weighted Mean ]

Robust Threshold: | 8,0

4. vhite Spectra

Output File: | prisn_xconbsped I Text

Write File

Order 01

Help

Left: 4 observations of AB Aur obtained with the 3.0 arcsec slit. Three reproduce each other nicely, with one a bit higher, perhaps during a

moment of improved seeing and better light throughput.

Right: The observations of HD 31069 were not as good. Two are obviously lower, most likely due to poor tracking, allowing half (or more) of
the light to fail to make it through the slit. If you look carefully, you can see a slight shift in wavelength of the two low spectra. Remember that
the spectrum is actually an image of the star occulted by the slit jaws, dispersed in wavelength.
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Here one can see a wavelength shift even in the “best” exposures:

N\ Xscalespec

Cancel

Scale to:  None _.| 81 _.|

Tursor X3 1,29937, Y:-2671,15

X Min: |:n,543405 X Max: |72.55295 ¥ Min: |3443.597 ¥ Max: |§4oss.2

Accept I

This will tend to smear out the features used in the telluric correction and introduce some distortion in the resulting spectrum of the science
target.
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XTELLCOR

For this situation, especially where the stellar observations are so smeared out, only the “IP” option seems reasonable in Xtellcor. Using this
option and going on to Construct Telluric Spectra and Scale Lines:

X! Xscalelines

Cancel

Tursor X: 0,442093, Y3 -8,35029e+15  Spectrum X3 0,643405, Y: 1,00087e+15, Scale: 1,00000

Vshift (kmis) : |0,00000  Reset Control Points|

|| Spectrum: “ Telluric .- Object Order: 01 — [ Atmosphere

0
@
z
=)
2
-

X Min: |:{),543405 X Max: | 2,55295 Y Min: |9,93592e+14 Y Max: |5,55619+16

Accept

There are still some residuals to deal with.
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X/ Xscalelines X! Xscalelines

Cancel Cancel |

Lursor ¥: 1.73529, Y: 0,719608 Scale X: 1.73639, Scale Y: 1,00000 |§:ursor' Ke 1,41739, Y: 3,92670e+16  Spectrum X: 1,41667, Y: 2,75678e+16, Scale: 1,00000

0.,00000 |Reset Control Pointsl Vshift (km/s) : Iio.ooooo lReset Control Poinl,sl

Vshift (kmis) :

Spectrum: <> Telluric - Object Order: 01 — | |7 Atmosphere Spectrum: “* Telluric .- Object Order: 01 — | |7 Atmosphere

6.0%10"
5,5x10"¢
5.0x10"

4.5%10"

4.0x10"

X Min: |1,45637 X Max: |1,81573 ¥ Min: |3,22167e+16 Y Max: | 5,42405e+16 X Min: |1,45637 X Max: |1,81573 Y Min: |3,22167e+16 Y Max: | 5,42405e+16

Accept Accept I

Here we see the region in the H-band before (left) and after (right) using the “f” technique to correct the residuals.
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X| Xscalelines X!/ Xscalelines

Cancel | cancel

Lursor X: 1,19740, Y: 2,30678e+16  Spectrum X¥: 1,19732, Y: 3,35273e+16, Scale: 1,00000

Vshift (kmis) : I;:o,ooooo |Reset Control Poim.sl ‘

Lursor X: 1,28561, Y: 0,562745 Scale ¥: 1,28768, Scale Y: 1,00000

Vshift (km/s) : Ijn,ooooo | Reset Control Puintsl

Spectrum:

Spectrum: “ Telluric - Object Order: 01 — | |7 Atmosphere

1.1

A (um)
X Min: | 0,803485 X Max: |1,42473 Y Min: |0.3:e415 Y Max: | 4.49432e+16 X Min: | 0,822963 X Max: Iﬁ.msm Y Min: |5.7aa(;39+15 Y Max: | 4,60276e+16
Accept I Accept |
BEFORE AFTER

In this wavelength region, one has to be very careful as the Paschen lines may border on the telluric features. The ides is to remove the Paschen
lines with the least effect on the telluric lines. You don’t want to remove those! Here I show in blue the extent of the Pa vy line that you could

smooth over. Do NOT correct over the wavelength range of the red arrow, or you will remove the telluric band. Remember, the goal is to make
the AOV spectrum resemble the telluric one as much as possible.
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X/ Xfindshift X| Xtindshitt

Cancel

Auto Find| Shift: |D,00000 |Auu) Flndl Shift: I;{l,28330 RMS: 2.43225e-17

Cancel

|§3ursor X3 1,91363

lj:ursor X3 0,542671

| _ObJeStSpectrum
7

uric SpEetuym

»
3
[
o
£
£
<

Arbltrary Flux
o
w»

X Min: Ijn,smos X Max: |“2.55235 ¥ Min: Ijn,ooooo ¥ Max: I 1.74132 X Min: |.643405 X Max: |2,55295 ¥ Min: [1.00000 ¥ Max: |1.74132

Object * Telluric Object * Telluric

Arbltray Flux
[
i l/_l 11

¥ Min: |1‘1~°75519‘15 ¥ Max: |7o335439'15 ¥ Min: |j»1.o7551e—1s ¥ Max: |E7.33543e*15
Accept | Accent
At the left is zero wavelength shift. At right is applying the Auto Find to the region between the dashed lines. Note the slight offset in height
near 1.54 microns. This offset can actually be improved by doing the shift manually. Enter a value in the box, hit return, and see if it improves
or gets worse. [terate until you get the best result for the entire spectrum.
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XMERGEORDERS
Skip because there are no orders to merge! Likewise, after XCLEANSPEC, XMERGEXD is irrelevant for the same reason.
XCLEANSPEC

Here we can see that some of the vertical “spikes” coincide with the strongest te]luric absorption features. These can be snipped.

N\ Xcleanspec

Quit \ |
| A\

1. Load Spectra I]:ursor X: 0,820205, Y:290,798 Spectrum X: 0,819686, Y:27E.7bl\ \

Path| : I/amazons/‘Desktop/‘spexoutf;

Input Spectrum| : Ifabaur_pr‘ism_xte

I Load Spectrum l

1 Plot Hydrogen Lines |~ Plot Atmosphere ‘

2. Edit Spectra

Order: 01 — | Aperture: 01 _JI

Spectrum: “* Flux - Error

3. Smooth Spectra

1.0
0.
0.5
0.7
.
Q.
Q.
Q.
0.2
a.
Q.0

4 Savitzky-Golay - Gaussian

SG Window: |5.0 Degree: |2
X Min: | D,813364 X Max: If 14697 Y Min: | 0,¢ ¥ Max: |1,99960e-11
Smooth Spectra | I 2 2 l‘i i

4. Write Spectra to File

I Text Output

File Hame: l:i

Virite File |

Y Min: | 41,9349 Y Max: | 547,148

Help |
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The region between 0.85 and 1.0 um is sort of a mess. Here we have a confluence of photospheric absorption bands, Paschen and the Ca II
triplet both in emission, as well as one of the weaker telluric bands. The “kink” here is real!

i i i i v v

Compare the Prism spectrum (above) with
the

1.0
A {em)

SXD spectrum (below).

In my case, I am looking for the overall spectral shape and level; I am not trying to measure line properties! So at this point I would probably
just ignore things and not remove any more data.
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APPENDIX — LINE IDENTIFICATIONS

The Following pages are an attempt at line identification in PMS stars. In
each panel | show a section of SpeX data for two stars, along with the
telluric spectrum that Spextool uses. This is meant to be an aid to
knowing what features are real or not, but it pre-supposes that no weal
stellar lines are included in the latter.
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