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Introduction

This manual will help you starting with your LISA
Pack spectrograph. Our intention is to guide you step
by step from box opening to high quality spectra pro-
cessing. LISA Pack is ready to use: most of critical
tunings have been made in our factory. We did our
best to make this instrument simple to use. Spectro-
graphy is a scientific activity which requires methodo-
logy: we will describe the key steps to ensure the best
efficiency for your observations.

There are three major steps to go through:

1.Setup your instrument (including software). This must

be done during daylight, on a table. During this step,
you’ll make your first spectra (of Sunlight).

2.Install your spectrograph on your telescope. It is bet-
ter to perform this during daylight.

3.Taking and data reduction your first star spectra.

Our experience shows that new comers to spectroscopy

often want to go straight to the telescope. This is a
mistake. There are too many parameters to put un-
der control, and most of them should be tuned during
daylight.

LISA Pack is tuned when you receive it, but you can
have to make changes for any reason. You will find all
information for that at the end of the document.

This document is specially written for LISA Pack
users. It can be extended to all LISA users: the
difference is that acquisition and guiding cameras
are not setup in Shelyak Instruments factory, and
can differ from Atik cameras. When there is a
specificity for LISA users, it will be written in such
boxed text.

Software

Software are provided on the CD Rom. We invite you
to check regularly for updates - spectrography is mo-
ving fast.

You can of course use your own software environ-
ment: a raw spectrum is a classical 2D image, and
many software can deal with it. But using the soft-
ware tools we propose garantees that you will get
high quality spectra.

Prerequisites

In this document, we assume that you’re new to spec-
trography, but that you're already familiar with basics
of astrophotography. Specially, we’ll not cover here
the following points:

*Setup and tune your telescope. You must be able to
point and track a star. Ideally, autoguiding will work.

*Basics for a PC usage under MS Windows. You can in-
stall, start and use most common software. You have
such a PC available, with Windows 7 installed (it also
works with older versions of MS Windows - but we
use MS Windows 7 in this document).

* Astronomy imaging. You know what is a dark, an
offset, a flat field, and classical image processing.

If you’ve already made some deep sky ima-

ges, with long exposure, and a good pro-
cessing, moving to spectrography will be easy
for you - a new adventure, which gives access to
a new dimension of Astronomy.

We invite you to join the increasing Shelyak Instru-
ments users and amateur spectroscopist community
on Spectro-L yahoo group ! and Aras forum? to share
your own experience and ask questions to the com-
munity. We are really interested to see your results
there.

Do not hesitate to contact us if you have any com-
ment.

Enjoy Spectroscopy !

Olivier Thizy® Frangois Cochard*

S ghed

1. http://groups.yahoo.com/group/spectro-1/

2. http://www.spectro-aras.com/forum/
3. olivier.thizy@shelyak.com
4. francois.cochard@shelyak.com

FShelyak.
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Discover your LISA Pack

1.1 Out of the box

When you receive your LISA Pack, you should find
these elements:

1.The LISA spectrograph, with two cameras and cali-
bration module,

2.Travelling case,

3.Power supply (230V to 12V, 7A),

4.Power supply cable (230V),

5.4-way cable for camera and calibration module power,
6.Two USB cables,

7.A tool set, if you need to tune the instrument,
8.Documentation & software on a CD-ROM.,

9.0ptional: Near-IR kit and Large slit.

1.2 LISA Pack overview

LISA is a high luniosity slit-based spectrograph (F/5),
designed to observe faint or extended targets. It is
mounted directly at prime focus of the telescope and
includes a guiding feature. In one exposure, it covers
the full visible domain (400 to 700 nm).

Guiding lock
Telescope

interface

Acquisition
camera

Calibration
module

LISA Pack, Slit side

LISA spectrograph and LISA Pack only differ by
the presence of cameras (Atik 314L+ and Atik
Titan) and calibration module. The spectrograph
by itself is exactly the same in both cases.

1.2.1 Spectrograph principle

Most of the spectrographs are based on the same prin-
ciple: alight source (slit, see below) is collimated by a
collimator lens, then spread out by an optical element
(prism or grating), and refocused with an objective

dShel
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lens on a sensor (Camera CCD chip for instance) to
form the spectrum:
Dispersion

device
(grating or prism)

Focus
Objective plane

Collimator

Of course, the smaller the source is, the finest will
be the spectrum: to get enough resolution, we must
have a source small enough. In astronomy, source
is - usually - a star. Luckily, this is close to a ponc-
tual object. Ponctual ? not really indeed. Even if
the actual source is very small, its image is enlarged
by the atmosphere and the telescope. The bigger the
telescope, the bigger will be the star image (in fact,
image size depends on two parameters: the telescope
focal length and the seeing of the sky).

To control the source size, there is a slit at the en-
trance of the spectrograph. This slit gives the object
size for the spectrograph. Then, the spectrograph dis-
perses the light source - going through the slit - in a
spectrum. The resolution of the spectra is given by
the slit width and internal optics. You simply have
to adapt and tune the telescope in order to get the
maximum light in the slit.

In the pictures below, you can see the slit holder
and the slit in front of a clear light:

N - i

Spectroscopy is used in many applications. But spec-
troscopy applied to astronomy have some specifici-
ties:

1.The light source is usually faint: you must have an
efficient optical system to take opportunity of each
photon.

2.To get light from the source, you must use a telescope,
which is moving at earth’s speed.

The LISA Pack, mounted on the telescope, is compact
and rigid, to make a stable spectrum over the time. It
also offers a guiding system in your LISA: a guiding
camera looks at telescope field of view, with “missing
slit”, to help you guiding - or even auto guiding - your
telescope.

The slit width impacts spectra resolution.

This is an intrinsic parameter of the spec-
trograph. In fact, the spectrum you obtain is the
image of the slit spread out depending on the
wavelength (the color). If you change the slit
width, you change the resolution of your spec-
trum.
But if you unfocus the telescope, you don’t alter
the resolution - you only lose light. This is the
same for the telescope tracking: if you cannot
track properly, you lose light, but you don’t alter
resolution.

Dispersion and resolution

The dispersion is the wavelength band coverer by
one pixel. It is given in A / pixel. It depends on the
pixel size and spectrograph optics. The resolution is
the ability to see details in the spectrograph. It de-
pends on slit width, optics and CCD. It is given in
A.When spectrograph design is optimal, the smallest
detail covers 2+ pixels. Note that resolution depends
on wavelength.

Shelyak
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Resolution power is defined as R = A\/A),

whereA\ is the smallest visible detail, and
A is the reference wavelength. R is a num-
ber without unit, and is almost constant for
any wavelength. LISA Pack Resolution Power is
about R=1000.

1.2.2 Basic Elements of LISA
The LISA is made of two main parts:

*top, there is the guiding unit (which includes parts
dedicated to calibration, see blue section below).

*bottom, there is the spectrograph itself (green sec-
tion).

Guiding
section

/

Fig.1.1 shows the details.

Fig.1.2 describes in detail the light path for both
spectrograph and guiding section. For spectrograph
section, star light is focused by the telescope (1), goes
through the slit (2), is reflected by the mirror (3 &
4), is transformed in a parallel beam (5) by the colli-
mator. Then, it is diffracted (6) by the grating, goes
through the objective lens, and converges (7) towards
the CCD sensor (8). For guiding section, all light com-
ing from telescope (1) which does not pass through
the slit (2) is reflected towards the guiding mirror (9),
sent to the guiding optics (10), and refocused (11) at
the guiding camera sensor (12).

The focal length of the collimator is 130mm. The
focal length of the camera lens is 88mm. This means
that the slit image will be multiplied by 88/130=0.68
on the CCD. The focal length for both guiding dou-
blets are the same (75mm). Then, the ratio between
object in telescope focus plane and image in guiding
camera is 1:1.

dShel
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Install software

You’'ll find all required software on the CD Rom.
This documentation will guide you to use your instru-
ment, but won’t replace the official software’s docu-
mentation. You should refer to these documentations
to discover their full capacity.

Software installation can differ on your own PC, de-
pending on the Windows version, and on drivers al-
ready installed on your machine. This demonstration
is made from a Windows 7 Home Premium edition -
64 bits version.

2.1 Software presentation

You will use different free software with your LISA
Pack. All of them are available on the CD, but check
each software website for regular update. Here is a
global description of software elements:

AudelLA
(guiding)
ASCOM
(platform)
AudeLA ISIS
(acquisition) (pre-processing)

Atik
driver

e

Common

directory
(AstroTonight)

2.1.1 AudelA for acquisition

AudeLA! is used for images acquisition.

If you don’t use Atik cameras, you can prefer an
other software than AudeLA for acquisition. The
only strong requirement is that you can get FITS
format images (files with .fit or .fits extension).

2.1.2 ASCOM platform & drivers

Atik cameras (Titan for guiding and 314L+ for ac-
quisition) are provided with ASCOM driver. ASCOM
2 is a platform made to standardize the connexion
between astronomy software and hardware devices
(cameras, telescopes, and so on). You need to in-
stall ASCOM platform and drivers. Atik cameras in
AudeLA will be seen as ASCOM cameras.

2.1.3 1ISIS for data reduction

ISIS® is developed by Christian Buil* - a pioneer in
astronomy imagining & spectroscopy (Christian also
designed the optical architecture of your LISA). ISIS
contains a full data reduction module, dedicated to
LISA Pack spectra. The philosophy of this software is
to enclose as much as possible complex operations, to
make data reduction fast, easy and of high quality -
this is the best way so far to get the best result.

2.1.4 VisualSpec for spectral data analy-
sis

VisualSpec (or Vspec)® is developed by Valérie Desnoux.
It is made to manipulate and analyze spectral profiles.
It is not strictly required to get a spectrum from LISA
and will not be detailed here. But it will help you to
analyze data, such as line identification, spectra com-
parison, and so on. With the experience, you’ll see it
is a useful tool.

2.2 AudelA installation

Audel A software is available on CD: double-click on
CD:/ Software - AudeLA / AudeLA-2.0.20110925.exe
(or latest version). When you launch it (you may have

1. http://www.audela.org/

2. http://ascom-standards.org/

3. http://www.astrosurf.com/buil/isis/isis.htm
4. http://www.astrosurf.com/buil/

5. http://astrosurf.com/vdesnoux/

dShel
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some warning messages - accept them), you will get
the installation window:

ﬁ! Setup - AudelA

ol = ==

Welcome to the Audel A Setup
Wizard

This will install Audela-20110925 on your computer.

Itis recommended that you dose all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Click Next. You will have several steps to accept
(agreement, information...), and choose your instal-
lation directory:

§8) Setup - Audel A

Select Destination Location
Where should AudelA be installed?

Setup will install AudeLA into the following folder,

To continue, dick Next. If you would like to select a different folder, dick Browse.

Browse...

C:\Program Files (x86) \audela-20110925

Atleast 111,2 MB of free disk space is required.

e o] [

We recommend to accept the default proposal - click
Next. Again, you will have several step to read & ac-
cept, up to the installation by itself:

ﬂ Setup - AudelA

Installing
Please wait while Setup installs AudeLA on your computer,

Extracting files...
C:\...Yaudela-20110925\gui\audacedoc_html\frenchYmagesimage24.gif

— —

Cancel

At the end, you’ll have this last step:

|loll® | =

ﬁE’ Setup - Audel A

Completing the Audel A Setup
Wizard

Setup has finished installing AudeLA on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

Launch AudeLA

Click on Finish to lauch AudeLA. You will have the
configuration screen in french:

74 AudelA == =]

Sélection de la langue : I] IIE=EENEIE™"mEE

Lancer AudeLA

You can switch it to english by clicking the british
flag:

74 AudelA

Language Selection: [ H NN = ™= Bl 2= ™ == B

Run AudelLA

Click on Run AudeLA. You will have two windows:
the big one is the main, in which you can display ima-
ges. The small one is the console, in which you can
type instructions.

& Aud'ACE (visul)

File View Images Analysis Camers Telescope Setup Help

‘74 Terminal
FTool: Sophie vi.0

e vil

delA Update v1.5
Polar Finder v1.0
rv2.6.5

wer 2 v1.0
rtual Observatory v2.0

Camera : Mot connected

HT. H=- I=-
R | e——
= | LT Y=- 23/12/2011 DES0:3 Mount  : Not connected

You can move the console window out of the main
window, to prevent the overlapping.

Let’s stop here for the moment. You will setup the
configuration during the first acquisition. You can exit
AudeLA by closing any of both windows - you will

ZShel
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CHAPTER 2. INSTALL SOFTWARE

have a message to save the configuration. Click yes,
to keep the windows positions you just defined.

74 Save setup? @

@% Save new setup before quitting?
WY (Press 'Cancel to return to Aud'ACE)

Oui | Non | Annuler

2.3 Camera installation

2.3.1 ASCOM Platform

Next step is to install ASCOM platform, rev 6 (or la-
test version). You will find it on the CD in the folder
“Software - ASCOM”. Launch ASCOMPlatform6.exe.
After several questions (accept default options), you
will have the installation window:

"immwmmsmm sllAware Wizerd T=lm ] =)

..' Welcome Eto ASCOMPlatformé Setup

Q) coliecting information | Welcome to the ASCOM Platform 6 Setup.
o Preparing installation
O 1mstaliing

o Finalizing i Ration You are about to install ASCOM Platform 6 on this computer.

Please click Install to continue or Cancel to leave the installer..

Click on Install button. At the end of the process (it
takes some seconds), click on Finish button:

When the installation is finished, you have two new
icons on your desk: ASCOM Diagnostics and Profile-
Explorer.

2.3.2 Atik driver for ASCOM

After ASCOM platform installation, you must install
Atik driver for ASCOM. Again, it is on the CD, in
folder “Drivers / Atik”. Click on “Atik Camer Setup
(ASCOM).exe”. You will get the installation window:

- Setup - ASCOM Atik Camera Camera Driver EI =1 @
. Welcome to the ASCOM Atik
Camera Camera Driver Setup

Wizard

This will install ASCOM Atik Camera Camera Driver 5.0.0.1 on
your computer.

It is recommended that you close all other applications befare
continuing.

Click Next to continue, or Cancel to exit Setup.

Next > Cancel

me e

_-!'.' ASCOM Platform6 Setup Complete

. Collecting information

. Picikimgirstufiatn ASCOM Platform 6 has been installed successfully.

@ 1nstaliing

[7] Display the ASCOM Platform 6 User Guide
o Finalizing instaliation

7C’ungrai§.||atrjuns, you have successfully installed ASCOM Platform 61

Please review the "Introduction” section of the Help file in
Start Menu / ASCOM Platform & for changes in this release.

If you experience issues after installing this release please run the
Diagneostics Tool in ASCOM Platform & / Tools and report them on
the ASCOM Talk Yahoo forum.

Best wishes, The ASCOM Platform Team,

|

Click on Next >. In the next window, click on In-
stall. The installation is ver short (few seconds), and
you have the last installation window:
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3B Setup - ASCOM Atik Camera Camera Driver |E\ = 2
Completing the ASCOM Atk
Camera Camera Driver Setup
Wizard

Setup has finished instaling ASCOM Atik Camera Camera Driver
on your computer.

Click Finish to exit Setup.

View ASCOM . Atik. Camera pdf

The driver is now installed.

2.3.3 Install Artemis software

This software will not be used in our application, but
it contains a library (DLL) which is required for driver
proper working. The software is on the CD, in direc-
tory /Drivers/Atik. The file to select is
SetupArtemisUnivesal.exe:

e IfErFE=]
@\/" » Computer » CDDrive (D) CDOG3E » Drivers b Afik » <[ %] [ Search Atie £l
Organize » [ Open E- O ®
i A Name Date modified Type Size
B Desktop UsEL 11/4/2011 5
8 Downloads use2
£ Recent Places “48 Atik Camera Setup (ASCOM).exe
| Atik Series 3. pelf
' Libraries | AtikTitanManual.pef
[ Documents || AtikTitanQuickstartAddendum pdf
& Music || InstallingDriverswithWindows7_64bit pdf
& Pictures = [ quickstart v2.paf
B videos || Quickstart.pdf

§8) setupArtemisUniversal.exe
& Homegroup

1% Computer
&, Local Disk (C)
B <D Drive (D:) CDO003B

€ Network
0 SHELVAK-ACER-PC
18 SHELVAK-FC
8 SHE YAK-PC
3]  setupArtemisUniversal.exe Date modified: 7/1/201112:38 PM Date createc: 7/1/201112:38 PM
[ Application Size: 947 KB

aiiz) it v

Double-click on this file and let the installation go-
ing through all steps. When you have the choice for
the modules to install, you can only select the appli-
cation:

ﬁE’ Setup - Artemis Software

Select Components
‘Which components should be installed?

Select the components you wart to install; clear the componerts you do not wart to
install. Click Next when you are ready to continue.

[Custom installation -
Application software 436 KB
[ Plugins for AstroArt 3.0/4.0 136 KB
[ Plugins for Maxdm DL G4 KB
[T Plugins for Seftware Bisque CCDSoft 64 KB
[T] Documentation for all components 146 KB
[] ASCOM driver for Atile EFW2 fiterwheel 133 KB

Cument selection requires at least 2.1 MB of disk space.

[ <Back |[ Net> | [ Cancel |

The installation finishes by a confirmation window:

15 Setup - Artemis Software =l EERES
Completing the Artemis Software
Setup Wizard

Setup has finished installing Artemis Software on your computer.
The application may be launched by selecting the installed
icons.

Click Finish to exit Setup.

Finish

Your PC is close to be ready to acquire images from
Atik cameras (314L+ as well as Titan).

2.3.4 Cameras connection

You need to connect the Atik cameras to complete the
software installation. Put the LISA Pack on a table,
not too far from your computer. Install the power
supply, and the Power supply cable. The red connec-
tor goes to the acquisition camera (red), and the blue
connectors goes to the guiding camera (blue). The
two remaining connectors are to be connected to the
Calibration module. Switch on the Power Supply. The
two camera fans should start running. Ensure that
calibration lamps (flat & neon) are off (green lights
switched-off).
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Start the PC, and wait until Windows is up and run-
ning.

Connect the USB cable from acquisition camera (red)
to the PC:

As soon as you connect the cable, Windows tries to
install the Atik driver:

_'_! Driver Software Installation 23
Installing device driver software
Unidentified Device

_! Searching Windows Update...

Obtaining device driver software frem Windows Update might take a while,
Skip obtaining driver software from Windows Update

Close

But it (probably) fails, because it cannot find it on
the computer, neither on the web:

_'_! Driver Software Installation X3
Device driver software was not successfully installed

Please consult with your device manufacturer for assistance getting this device installed.

Unidentified Device xNo driver found

What can I de if my device did not install properhy?

Close

You have to indicate windows where to find the
driver. It is on the CD, in the directory /Drivers /Atik
/USB2 /64Bit (of course, if you're running a 32bits
version, choose 32Bit instead of 64Bit). In this direc-
tory, there are several files:

===
&) ~[J » Computer » D Drive (00 COO0G38 » Divers » Atk » USB2 » GBIt ] 4| [ search 61 2|
Organize = Sharewith ~ = O @
Documentstion - spectro eShe +  ame Date modified Type s
Dacumentation - spectro Lhirc
. S sit.cat 1ike
- spectro Lhre
& ] stiusbint se
Doc pectolISA -
) A ays 51e
Documen - spectro Sar

Documentation - Watec & Wi
Drivers
Atk
sl
use2
28t
64Bit
Lindy Grabber USE2

, 3 items

Here is the process to install manually the drivers.
Start the Windows Control Panel (click on Start but-
ton, then Control Panel). You get this screen:

[a ==
QQ [+ Control Panel + %2 [ Search Contral Panel 2|
Adjust your computer’s settings Viewby: Category ™

@  System and Security User Accounts and Family Safety
| ;_‘3 Review your computer's status ) Add or remove user accounts

&7 Back up your computer D
.
=3

) Set up parental controls for any user
Find and fix problems

Appearance and Personalization
Network and Internet I% Change the theme

View network status and tasks

Choose homegroup and sharing options

/ Hardware and Sound W Clock Language, and Region
ﬁ‘ View devices and printers gL

Add a device Change keyboards or other input methods

Adjust commonly used mobility settings

@ Ease of Access

- L Let\ setti
& o @ o
<

Uninstall 2 program

In the “Hardware and Sound” section, click on “View
devices and printers”:

(=3 e
@U.\g’g eI e S pe T D erp S S P Ias <[4 [ searc Prini r
Addadevice  Add 3 printer 2. @
« Devices (4)
| -
. 2> = g
GenericNon-PrP  SHELYAK-PC USBTablet  VBOX HARDDISK
Monitor ATADevice

« Printers and Faxes (2)

« Unspecified (1)

.

‘Unknown Device

/ 7 items
=0}

The Atik camera is the “Unknown Device” in the
“Unspecified” section. The flag confirms that driver is
not installed properly.

Right click on the “Unkown device” icon, and select
Properties:
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-

1} Unknown Device Properties @

General | Hardware

;I_U Unknown Device

Device Information
Manufacturer: Unavailable
Model: Unavailable
Model number:  Unavailable
Categories: Unknown

Description: Unavailable

Device Tasks

To view tasks forthis device, ight-click the icon for the device in
Devices and Printers.

[ oK || Cancel || spply

Then, click on tab Hardware (top of the window):

-

1. Unknown Device Properties @

General | Hardware

.:U Unknown Device

Device Functions:

Name Type

/i Unknown device Other devices

Device Function Summary
Manufacturer:  Unknown
Location: Port_#0001.Hub_#0002

Device status: The drivers for this device are not installed. (Code 28)

[ oK || Camce || 2oply

Then, click on Properties:

Unknown device Properties @

General | Driver | Details

H E Unknown device

Device type: Cther devices
Manufacturer: Unknaown
Location: Port_#0001.Hub_#0002
Device status
The drivers for this device are not installed. (Code 28) -

There is no driver selected forthe device information set or
element.

Tafind a driver for this device, click Update Driver.

Update Driver...

I@Kﬂﬁnge settings

[ ok || Cance |

Then, click on the button “Change settings” (bot-
tom part of the window). A new window pops-up:

Unknown device Properties @

General | Driver I Details

H ! Unknown device

Device type: Other devices
Manufacturer: Unknaown
Location: Port_#0001.Hub_#0002
Device status
The drivers for this device are not installed. (Code 28) P

There is no driver selected forthe device information set or
element.

Tafind a driver for this device, click Update Driver.

Update Driver...

| ok || Cancel

Click on the button “Update Driver”:
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\ ) Update Driver Software - Unknown Device
(S

How do you want to search for driver software?

% Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
setfings.

2 Browse my computer for driver software
Locate and install driver software manually.

Cancel

Update Driver Software - Unknown Device

L

Installing driver software...

Choose the option “Browse my computer for driver
software”. You will be asked for the location of the
driver. Select the proper directory on the CD (there is
no need to copy the files on your PC). Reminder: the
directory is /Drivers /Atik /USB2 /64Bit.

@ [l Update Driver Software - Unknown Device
Browse for driver software on your computer

Search for driver software in this location:

D:\Drivers\Atik\USB2\64Bit

- Erowse...

[¥]Include subfolders

% Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

Then, click Next. It asks for the confirmation of the
installation. Click Install:

.

[57] Windows Security [==]

Would you like to install this device software?

Mame: Atik Cameras Universal Serial Bus contro...
‘:’- Publisher: Artemis CCD Ltd

[T] Always trust software from "Artemis CCD Ltd". Install ] [ Don't Install

';E' You should only install driver software from publishers you trust. How can [ decide
which device software is safe to install?

Installation takes some seconds

At the end, you have a message confirming the in-
stallation went well:

[=]
SR Update Driver Software - Atik 314L
Windows has successfully updated your driver software

Windows has finished installing the driver software for this device:

Atik 3141

Close

This is confirmed also by

Atik 314L Properties [==]
General | Driver | Details

Atile 3141
Device type: Cther devices
Manufacturer: Atil: Cameras
Location: Port_#0001. Hub_#0002

Device status

This device is working propery. -

o1}
0
il

Close Can

And the new status of the device in the control
panel: the camera is now recognized:
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——_—_—_——— Click OK. You will have the Welcome installation
5-.® page:
f > _ I B setup - 1515 o= =
¢ e
= w”
SHELVAK-PC USE Tablet VBOX HARDDISK Welcome to the ISIS Setup

Wizard

This will install ISIS 3. 1.0 on your computer.

It is recommended that you dose all other applications before
continuing.

Document Wiites

4 Unspecified (1)

3

Atik 3141

Click MNext to continue, or Cancel to exit Setup.

: Ak314L Modek Atic314L
‘ Category: Unknown

-

You can now connect the second Atik camera (Titan,
for guiding - the blue one). This time, the driver
installation goes well, because driver is already in-
stalled:

10 Driver Software Installation = Click on Next >. Choose the installation folder (we
Atik Titan installed suggest to keep the default value). Follow the next
steps with proposed values. At the end of the process,

Atik Titan J Ready to use . . . .
you’ll have the final installation window:

B setup - 115 o |[= ][ =
- Completing the ISIS Setup Wizard
and you can see in the control panel that there are
. has finished i [l . Th
now two cameras (314L and Titan): ooty oo It by sciec i e ot ons.
= @)= Click Finish to exit Setup.
@vvlwﬂ % Contiol Pandl » Harhki afid Seund b Dvices and Prkes <[4 [[Search Devices and Printe )
Addadevice  Adda printer D @ V| Launch Isis
L i wy =
Generic Non-PnP SHELYAK-PC USB Tablet VBOX HARDDISK
ATA Device
4 Printers and Faxes (2)
,g\\l/’
g
Fax
4 Unspecified (2)
T
e — : Click on Finish... it will launch ISIS.
=i Potentially, you can have a message requiring to in-
- : R stall .NET Framework (it is installed on any recent
All the software and driver installation is now com- PC):
pleted. You are now ready to take your first images.
isis.exe - \MET Framework Initialization Error 3
2.4 ISIS installation |' 7 3 To run this application, you first must install one of the following
‘S versions of the NET Framework:
- v4,0.30319
: : Contact licati blisher for instructi bout obtaining th
ISIS SOftWare IS On the CD’ ln folder “Software _ ISIS”. oNtact your apphcation pughsner ror INstructions aoout cotaining e

appropriate version of the NET Framework.

Launch ISIS4.0.0.Install.exe (or latest version). After
a warning window, you’ll have to choose the language

- default is english: _ o |

If this is the case, install this framwork from Inter-

Sefect Setup Language |23 | .
i . = net: http://msdn.microsoft.com/fr-fr/
2% e netframework/aa569263, or type .NET framework in
o Google.
[Englsh v The ISIS window is the following:
OK | | Cancel |
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B s vaon == =]
[ Gews | beumens | Mesemmes | image desiy i depey Toos o QukLook oo

Spectral calbration

[ Nember: 1 O] © Predefinedmod= (1200 Ty—

. ) e — ) Predeined polynom (see "D “Profle diply” tab)
Fie (typeacist)
Pat: Mt
Xeoordnate o ine at wavekength (6505523 | A = T (poels)
) O Specraicabraton
Ouput
Object name:
[ Fued Yvabeforssquence. — &
[7] Sky ot removed Py )
Sertengte- | il [[] Wavelengthregistaton Observer - Houshit: 0
et <) - [0 Righ it 02 - [0 Pl Comic s er

‘E [ Deply mege | [ Deply prfle |

[ 9 Optimatbiming

) Rejection coef.: 501
Wavelengih shit (4): 0 [ Briing adustmert_|
Il Ao s 00 05| oo S )

ISIS contains its own spectra library, which is very
useful to get some reference spectra. You must install
it as well. The library is an independant file (to allow
a spearate update, in case of). You can find the library
ont the CD, or on ISIS website. This is a compressed
(.zip) file. Extract the files in the directory you want
- for instance, in “My Pictures / ISIS-Database” direc-
tory. The database itself is simply a list of spectra files:

e @==]
@Uw\ <« Pictures » My Pictures » Isis-Database [ % | [ Search isis-Databose 2|
Organize v Sharewith v Slideshow  Newfolder =~ 0 @
v Favertes = Pictures library Herangelye. Flkierr
B Deskiop Ieis-Database :
18 Downioads Name Date Tags Size =

2 Recent Places
R argon.png

A Libraries itk

m

B Documents 7 elodie_sltairdat

N wacic 7 elodie_altair_h2o.dat
&

] Pictures 2 elodie_srcturus.dat
=l

£] My Pictures %] elodie_arcturus_hZo... 6

Public Pictures 2] elodie_gammapeg....
B Videos 2] elodie_gammapeg_...

%] elodie_gammapeg_.

S e—— 7 elodie vega.dat
7] elodie_vega_hZo.dat

% Computer B onpr
gu Local Disk (€4 (2] hd358.dat 4/21/20 PM
Fi 4771 /2011 B:A1 D =
I8 CD Drive (D3 CDO00Z - (= PeiEAfdat gou L

505 items
f

ISIS is now ready for processing. We will see later
how to use it.
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Check your LISA

In this chapter, you’ll setup and check all the instru-
ment to prepare first spectrum acquisition in “com-
fortable conditions”: during daylight, on a table. It is
key to understand that most of the instrument tunings
can be done during daylight - this is quite different
from classical astronomy:.

3.1 Create a working directory

Since you will work with several software, it is sim-
pler to make them all work in the same directory. Us-
ing a well identified directory for all your observa-
tions helps to classify and archive images and profiles.
At the end of the night, you can copy all the content of
this directory in your archive place - and clean up this
directory to prepare next observation. For the follow-
ing of this document, we assume that your common
directory is called AstroTonight.

3.2 Setup AudeLlA parameters

Here are some initial parameter setup you can do
when you first run with AudeLA:
Setup / Langage: select here menu langage.
Setup / Folders: define working directory for your
images. Select your AstroTonight directory:

74 Folders o | =2 | &=

Image Folder: LU zerstshelyak D ocumentzhastraT onight J

@ Mo subfolders
 Sub-folder Name 120102
 Datefortoday ¢ Oh & 12k 200120102

“Working Folder: | J

¥ Same As Image Folder

Scrpt Folder: LU zerstshelyak 'WppD at s Foamingh Audeldhecripts J

Catalogue Folder:  |C:\U zers'shelyak 'WbppDat s Foamingh Audeldhcatalog J

ak | Apply | Help | Cloze |

Click on OK. From now, AudeLA will store images
in this AstroTonight directory, and will load images
from this file.

Change there also your default directory for your
scripts and your catalogs - by default your user direc-
tory.

Setup / External programs: check there your fa-
vorite software are well set up.

Setup / Observer location: Indicate here your name
and your observatory position which will be stored in
FITS files. If your observatory is already known by the
MPC (Minor Planet Center), you can just provide your
observatory 3-digits code to get the location details.

Setup / Images files: Indicate if you want to store
your image in 16bits or 32bits. Usually we leave it in
16bits knowing you can force 32bits during process-
ing, for exemple when you add multiple images to-
gether (option “bit pix”) File are in FITS format; you
can select the file extension (usually ”.fit” or .fits”).
It is also possible to have compressed FITS file, which
reduce usually by half the file size on your hard drive.
AudelA can manage this option in almost all mo-
dules.

Setup / Appearance: select there default colors
and make your Aud’ACE unique!

Setup / Fonts: change there your font size if you
have trouble to read the default size on your screen.

Setup / Optical: Indicate there the optical config-
uration of your scope (diameter, focal...). Those in-
formation will be sotred in your FITS file and can be
used for automatic astrometry for exemple. You can
define up to three optics: main scope, guiding scope
and electronic finder for exemple.

Setup / Tool selection: AudeLA is powerful thanks
to multiple modules. By default, they are all active
but Aud’ACE menu can be too long then. Define there
which module you want to be visible to you. You can
also define a function key which will run the module
when pressed. F2 is a special key as the associated
module will be automatically opened when Aud’ACE
is launched.
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s "

3.3 Starting cameras Atik Camera Setup

d

Select your camera.

| =]

[ Colour Camera

3.3.1 Acquisition camera

Start AudeLA software. You should have this screen:

| High Priority data transfers

Diniver Version:
55033751

QK | Cancel

e T In the List Box, you have the choice between 314L
B e (Atik 314L+) and HS (Titan). Select 314L:
Go to the menu Setup/camera. The camera selec- ) .
tion window pops-up: Atik Camera Setup =S|
7% Camera Setup (== =] Select your camera.

Andor | AndorUSB | ASCOM | Audine | Cagire | CB245 | Cemes | Digital Camera | FLI | Hi-Si5 D

|ATIK-314L |

Folder Containing Setup Files |C /Program Files [x86]/audela-20110925/bin J
[ Colour Camera

™ Top/Bottom Revarsal T Gl e

[ High Pricrity data transfers

™ Left/Right Reversal CCD Temperature:

Shutter Dperation Sunchro j

Shutter Opening Delay 0 m - -
o Driver Version:

Shutter Clozing Delay a0 ms

56.5.0.33751
FReference Web Site
http: /A, andar-tech.com D K | C = HOEI |
[ S visul j Stop T~ Mest time: software is run cornect tis camera automatically
T B: o0 new j Stop ™ Ment time software is run cornect tis camera automatically
©C:oan new j Stop ™ Ment time software is run cornect tis camera automatically CliCk on OK button. CliCk then on the OK buttOI’l Of
o | pu | e the AudeLlA camera configuration window.

Select “‘Ascom” tab (because Atik camera is con-
nected through ASCOM driver): BMost of AudelLA windows have sev-

eral buttons: “OK”, “Apply”, “Help” and
“Close”. “OK” is a combination of “Apply” and
“Close”. Select “Apply” if you want to keep the
™ Top/Bottom Reversal Window Open.

™ Left/Right Rieversal

7 Camera Setup [ @] =]

Andor | AndorUSB  ASCOM WAudma | Cagire | CB245 | Cemes | Digital Camera | FLL | Hi-sis ]

Camera Selection (S COM. Atk Camera ﬂ Setup |

You can see in the AudeLA console that camera is pro-

perly configured:
& Terminal EI@
Reference Web Site £#Tool: SpyTimer Canon w1.0 j
http: #/ascom-standards org ZTool: Supernovae v1.0
#Tool: Shoot and Shift v1.0
[ I T | Stop I~ Mext time software is run connect this camera autamatically #Tool: AudelA Test wi.11
CE 0w Stop I~ Next time software is tun connect this camera automaticaly fTDDl: Telescope v1.1
#Toaol: AudelA Update v1.5
cen e Stop I Mext time saltware i tun connect ths camera autamatically #Tool: Polar Finder v1.0
#Tool: Viewer v2.6.5
oK Apply Help | Close #Tool: Viewer 2 v1.0

#Tool: Virtual Observatory v2.0

Click on Set up button, to select the camera. Again, ASCOM Driver = ASCOM.Atik.Camera
a new window pops-up: j

Another way to check that camera is properly con-
figured is to check in the bottom right angle of the
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AudeLA main window. The camera 314L is declared:

Camera & ARTEMIS CCD: ATIE-314L

Mount ; Mot connected

Cooling the Acquisition camera

The Atik 314L+ camera can be cooled down, to re-
duce the electronic noise. Having a cooled camera al-
lows to make longer exposure time, with better SNR
(Signal to Noise Ratio). It is key in astronomy. To ac-
tivate the cooling, go again to menu Setup / Camera,
and click on “Set Up” button (like when you selected

the camera):

7 Camas ety =eli=)

Andor | AndorUSB  ASCOM | Audine | Cagire | CB245 | Cemes | Digital Camera | FU | Hi-5I5 D

™ Top/Bottom Reversal

Camers Selection | ASCIM. Aflk Camera | setup

™ Left/Right Reversal

Reference Web Sits:

hitp:/ascomr-standards. org

@ A 1 ascomcam |visul j Stop ™ Mest time software is run connect this camera autamatically

B0 e j Stop ™ Mest time software is run conmect this camera automatically
CC:on e j Stop ™ Mest time software is run conmect this camera automatically

Close

oK | Apply | Help

Then, the ASCOM panel appears. Click the “Cooler
On” check button. And select the temperature target
for the camera. The temperature is controlled elec-
tronically. You must choose a temperature as low as
possible for a better quality, but with some margin
for the colling capacity. The cooling power should
remain below 80% at the beginning of the night. A
good value is around 25°C below the ambient tem-
perature. In the below example, we’ve choosed -8°C
- room temperature was about 18°C at this moment.
After some minutes, you can read that actual camera
temperature is close to -8°C, and the cooling power
is around 50%. There is still some cooling capacity,
in case of the ambient temperature would rise-up in

coming hours.

".

Atik Camera Setup @
ARTEMIS CCD: ATIK-314L

v Cooler On Setpoint |-3 El:

Cooler Power
CCD Temperature

[ Preview Mode

n Drriver Version:
P 55033751

i’ Close

Cooling the camera will have several visible effects
in the images: less noise, less hot pixels, lower offset
level...

Close the camera setup window.

1+ In AudeLA, use the CLOSE button to close

" the camera setup window. If you click on
Ok, it will restart the camera, without setting
temperature target.

First image

Select menu Camera, then Acquisition. A new panel
appears on the left of the main window. This panel
gives all controls to drive camera acquisition:

Tk AudACE (visu) EEEE]

1w % = A TEMB D AT
o |
| — — S A 02/01/20121256:01 UT Mount < Not connected

select an exposure time of 1 second, binning 1x1.
Remove the cap from telescope interface:
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For basic LISA (not LISA Pack), the calibration
module is optionnal. If you don’t have this mo-
dule, you must put some neon light in front of
the spectrograph entrance, or in front of the cali-
bration window (on the side).

Switch ON the neon light. The green light on the
calibration module must be on - and when you switch
on the button, you hear the electromagnet moving the
screen in front of the slit.

S ‘%
a *
; &

Now... launch the camera acquisition by clicking
on button GO. After some seconds, you see your first
spectrum:

’i

=[x

,;gunr

What happens when you switch on neon

in calibration module ? Neon lamp is po-

wered on. And a white screen is moved in front

FE=——= = e B of the slit, with two effects: slit is enlighted with

neon light coming from calibration module, and

the light coming from telescope is obstructed

- this allows to make calibration images even

when telescope is pointed towards a star. Then,

the spectrograph received neon light in exactly
same conditions as the sky light.

rrrrrrrr

Depending on the light you have in the room, the
image can be significantly different. In our case, we
had some energy saving lamp. Also, depending on
the intensity of the light in your room, you may have
to adapt the exposure time. Make some tests with
different times. You can save this image - your first
one ! Give a file name to your image - for instance
First - and click on button Save. You can check that
image has been recorded in your AstroTonight direc-
tory. The full file name is First.fit (the .fit extension

Put the cap on the light entrance, to prevent any light
leakage:

has been added by AudeLA):
=lE =]
@.\/,vl < Docamdiits ¥ AstioTonight + [ %3] [ Search AstroTanight 2|
Organize »  Sharewith v Mew folder =~ [ @
r Favorites “ Documents library AT
B Desktop IE AstroTonight s
& Downloads Name Date modified Type e
% Recent Places i
| First.fit 1/2, FIT File 709 KB
4 Libraries ¢ « S » r A
| Documents 3 =
& Music IS 2
()
1item /
ra.
Now, use the integrated neon light. You'll be in Launch acquisition, with exposure time of 20 se-
more controlled conditions. conds, and binning 1x1. You should have this image:
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o _‘ | — [ ] 1522000000 Carmera A1: ARTEMIS CCD: ATICHAL
ulo
| | e =) 02/01/2012 1340:35 UT

Maunt  Not cannected

Imagine that each line of the spectrum (from left to
right) is an image of the slit for a given color. If the
light source were a purely monochromatic light, you
should have something like that:

At this stage, you must check there is no major issue
with the tunning of the camera - if the camera has
moved since the tunning in our factory. They are four
key elements to check quickly:

*The spectrum is properly focused,

*The spectrum is horizontal,

*The spectrum is well positionned in the image,
*The image is in the right orientation (left-right),

If you have any doubt on these points, go to the Re-
ference Manual to check your instrument more pre-
cisely.

Spectral range

The light is spread out horizontally in the image. The
blue part (around 400 nm) is on the left side of the
image, the red part (around 700 nm) is on the right.

Depending on the document you read,

wavelengths are given in nm (nanometer,
10~%m) or in A (angstrém, 10~ "m). Both are
really used... this is important that you mention
clearly the unit on all your results.

Just remember that 1 nm = 10A. And vi-

sible range is from 400 to 700nm, or 4000
to 7000 A.

The Atik camera is black and white, but if you had
a color camera, you should see them along the spec-
trum:

5400 A 5945 A 4,
4000 A 5852 A 6563

A 7032 A

 =mw 73598 X =105 | =526.000000 Camera A ARTEMIS CCD: ATIK-314L
Auto J
| 51456 =504 02/01/2012135312UT Mount - Not connected
Visualization

You can change the thresholds of the image, to see
details in some regions. This is to be done by moving
cursors on bottom left of the images:

Kl S
— 1 R | = 731.000
Auta I £
[ 3/ Y¥=H9 042014201
Make some tests to change the visualization of the
image:

76 Aud'
File

I o | — — 1= 852000000
uio
| | — - < R 04/01/2012 140851 UT Mourt. : Not cornected
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#74 Aud'ACE (visu) - C:/Users/shelyak/Documents/AstroTonight/Nean-Horizontal fit [o &&=

upHelp

C—————® 1 m % 1-785,000000 Camera : Notcomnected
o | |
[ — T

04/01/201214:09:30 UT Maurt - Mot connected

Basic calculation

Let’s take some time on this first neon image:

As you can see, the spectrum is limited in height.
This is due to the slit length. We can make a sim-
ple calculation: the slit is roughly 4mm long. The
LISA is scaling the image by about 0.7. Then, ac-
tual slit image on the CCD is 4x0.7mm = 2,8mm
(or 2800um). The ATIK 314L+ camera has pixels
of 6,45um. Then, spectrum height should be around
2800/6.45=434 pixels. We can measure this value in
the image: simply put the cursor of AudeLA on the
top end of the spectrum, and look at the X / Y posi-
tion, on the bottom right corner:

76 Aud'ACE (vi o @] =]
Telescope Setup  Help

A | — — ) 1= 1167.000000 Camera A+ ARTEMIS CCD: ATIK-314L
uto
| 175 Y =320 02/017201217:1235 UT

Moaurt Mot cormected

Do the same at the bottom end of the spectrum:

74 Au ACE (v EEIE]

n = y
= H | e— — xR P 1=393.000000 Camera A: ARTEMIS CCD: ATIK-314L
uo
s~ m— T AT 02/01/2012 171007 UT

Mount : Not connected

The spectrum height is the difference between top
and bottom ends: it should be close to 430 pixels.

Prevent the saturation

There is another key test to make at this moment: we
have to test that no pixel of the image is saturated.
Move the cursor in the brightest area of the image,
and look at pixel intensity, given at bottom right of
AudeLlA window. In the next example, the intensity is
at 3905 ADU:

6 Aud'ACE (visul i fizontal ===

File View Images Analysis Camera Telescope Setup Help

| 5 J [ ®W | 1808 %-413 | = 3905.000000 Camera
wio g 9
| | — U 0 R22uT Mot

ADU (Analog to Digital Unit) is the unit of

the pixel intensity. For each ADU counted,
the pixel has received a certain number of pho-
tons. This is an intrinsic parameter of the ca-
mera. The digital capacity of the camera, or the
Dynamics, gives the highest ADU level that ca-
mera can provide. This is another intrinsic pa-
rameter of the camera.

The dynamics of the ATIK 314L+ camera is 65535
ADU (Analog to Digital Unit). No pixel must reach
this level: it would be saturated.

You can also select an area (rectangle) which con-
tains the spectrum, by clicking one corner, and drag
the mouse up to the opposite corner without releasing
the mouse button. Right-click and select statistics in
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the pop-up menu: you’ll see max pixel value in the
area:

76 Aud'ACE (visul) - C:/Users/shelyak/Documents/AstroTonight/Neon-Horizental fit
File View Images An

[E=S ECE =3

Telescope Setup  Help

Histogram

Seclion

Statstcs inWindaw
Fuhm

Fita gaussian
Photocenter
Integrated Phatomery

Cosmelic Repait
Fit and subtract  gaussian

Crosshail

Zon- D
| 1608 K= 1 = 743.000000 0 Net connested
aua| |
T — ) 04/01/201215:3152 UT

Mourk : Not connected

4 Aud'ACE (visul) -

File View

‘onight/Neon-Horizontal: ===

Images A Camera Telescope Setup Help

74 Statistcs in Window
Visul
Man; 68535
Min: 231 |
Mean: 1838518921 |
Rootmean-scuare Devistion: 5865 243023 |

Sky Background Mean Value: 831 250000

5ky Background Rool-mearrsquare Devistior: 33201141

T~ Auto Riefresh

Flefiesh Now

1802 K=80 | =639.000000 Camera Not connect ted
=

|~ E— - 0400172012 153244 UT

Mount : Not cannected

We see that in our case, Max value is 65535... bad
luck: the image is saturated.

The pixel intensity is an intrinsic parame-

ter of the image. When you change visu-
alization thresholds, it does not affect the inten-
sity, but only what you see on the screen.

The way to prevent saturation is to reduce the ex-
posure time during acquisition. Make some tests with
different exposure times, to see the effect on the spec-
trum level. The optimal situation is when the highest
pixels are at less than 70% of the camera dynamic -
roughly 40.000 ADU.

What if you saturate the image ? There

is no risk to damage the camera. But in
this case you’re not able anymore to measure
a signal difference, because camera cannot go
above 65535 ADU. If you continue to enlight
CCD, level will remain at 65535 - and you don’t
see any change. In few words, if your image
is saturated, you cannot use its data. Keeping
unsaturated images must be a permanent atten-
tion.

3.3.2 Guiding camera

Let’s switch now to Guiding camera. Connect the USB
cable from guiding camera (blue) to the PC. Launch
a new instance of AudeLA.

1 ' Audela software cannot manage two Atik

" cameras at the same time. If you want
to use AudelA for autoguiding as well as for
acquisition, you must run a second instance of
AudeLA.

Go to the menu Setup / Cameras, to open the camera
selector Select Ascom tab...

4 Camera Setup ===

Andor | AndorUS  ASCOM ]Aud\ne | Cagire | CB245 | Cemes | Digital Camera | FLI | Hisis M

j Setup

I~ Top/Bottom Reversal
Camera Selection ASCOM.Atik. Camera
™ Lsft/Right Rieversal

Feference 'w/eh Site:

hitp: //ascaom-standards. org

™ Mext time software is run connect this camera automatically

& a0 i 7] Stop
CB0 fhew 7| Stop

CCoo0 [rew =l Stop | I~ Mest time software is run connect this camera automatically

oK Apply Help Close

Click on Set Up button, to make appear the ASCOM
camera selector, and choose HS in the list:

™ Mext time software is run connect this camera automatically

Atik Camera Setup =]

Select your camera.

[HS =]

[ Colour Camera

[ High Pricrity data transfers

Driver Version:
55.0.33751

OK Cancel

Click OK, and then OK to apply the camera choice.

1 ' Atik Titan camera has no cooling feature.
This is not required for guiding images
(short exposures).

Select menu “tools”, and Acquisition. The acquisition
tool appears on the left:
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T Aud'ACE (visul) = ==]
File View Images Analysis Camera Telescope Setup Help
Help for the Took
Acqisiion
Setup
Exp. 01 see.

Acquisition
 Frogess

| HT. = I= Camera &:ATIK: HS
tue | |
| LT = 06/01/201212:37:26 UT

Mount Mot connected

Remove the rubber cap from the telescope mount-
ing ring. Put a diffuse paper on the telescope entrance
- to prevent camera saturation, and get homogeneous
light. Select an exposure time of 0.1 second, bin-
ning 1x1. Launch acquisition: click on button GO.
You should have this kind of image:

4 Aud'ACE (visul)
File View lmages Analysis Camera Telescope ‘Setup Help

Help for the Took
Aequisition

Setup

60 CCD

Ore lnage 7]

Name

Extersion  fil

I Index
il 1

Save

Accistion
 Progiess

i Shift

Automalic Flat
Field Frames

|
| — — T ) 1= 16466,000000
wis| |
| 12 Y4 O6/01/2012 12:38.07 UT

Camera A:ATIK: HS ‘

Mourt: Not connested|

The horizontal line is the slit. This is the light en-
trance for the spectrograph. If you cannot see it pro-
perly, change the image thresholds, as shown for ac-
quisition camera. Depending on your specific con-
ditions, you can have to adapt the exposure time to
prevent the saturation. Check with moving the cur-
sor everywhere in the image that there is no satura-
tion - you can also select a rectangle and look at the
statistics. In our case, the max value is around 18.000
ADU: we're far from saturation (max acceptable value
is also 65535 for this camera).

P Aud ACE (visul)

File View Images Analysis Camera Telescope Setup Help
Help for the Took
Acquistion
Setup
Exp. o1 sec.
Binning | 11
| 74 Statistics in Window =1

Wisul
Mar: 18042

Min: 3272

Mear: 16402436094
Bl Rootmearvsquare Deviation: 1013784790
[ Sky Background 6713125000
| viation: 180854919

SkyBackground Root e

I~ futaRefresh

7 Ao
E Rekresh Nor

Automalic Flat
Field Frames

3

|
| —  — A 1=17293.000000 Camera A: ATIK HS

auo | |
T | 10522 =385 08401201212 01:33UT

Mourt: Not connected |

You can see on the right part of the image that there
is a black area. This is the shadow of the calibra-
tion screen: this is normal. In fact, the useful part
of the slit is in the center of the image. Remember
that actual slit length is around 4mm. In the below
image, we've shown the approxiamtive useful area
(blue rectangle):

Tk Aud ACE (visul) =lfE]E=]
File View Imsges Analysic Camers Telescope Setup  Help

Help for the Taok
Acaisiion

Setun

Ewp | 05 see

giving| 141

Name I

Extension it

7 Index

1 1

Acqistion
P “Progess

I Shift

Automalic Flat
Field Frames

il )
| — A 1 - 28528000000 Comera A: ATIK: HS
ao | |
|~ — ) 06/01/20121322.30UT

Mount : Not cannected |

If the slit is not horizontal, or unfocused, go to the
reference manual for tuning. But this has no direct
impact on spectra quality.

3.4 Different types of images

Your spectrograph is now ready for operation. In the
previous sections, we’ve mainly used neon spectrum.
In fact, when observing stars, we will use different
types of images, which are required for a proper data
reduction. In this section, we will describe the pur-
pose of each of them and how to obtain them.
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Thermal
+ Offset
=Dak
Bias Dark Exposure 't' Exposure '2t' Exposures

t=0sec shutter 't
closed

If you use a CCD camera, each image will be af-
fected by the electronic. Several defect can actually
be removed using dark, offset anf flat field frames.

To avoid negative signal digital conversion, CCD ca-
meras have a fix offset on the analog signal which is
called Offset. Any data readout from the CCD chip
include this offset.

Offset images are also called Bias in some

documents. In this User Guide, we made
the choice to use Offset, but consider it is equiv-
alent to Bias.

This offset is fairly stable and once you have a mas-
ter offset frame, you can keep it for long time. You
can make one again once per year approximately. It
is also not too much temperature dependant. Because
it is very stable, you can improve your data by taking
a long series of offset frame (around 100 exposures)
and perform a median average to create a mooth mas-
ter offset frame for your camera. Median average is
better than a simple average as it will totally remove
out of the ordinary defect on some of your images,
such as cosmic rays for example.

CCD chip have a tendancy to build electrons over
time, specially at high temperature. This tempera-
ture dependant effect is called « thermal noise ». The
thermal noise is included in dark frames which are
exposures taken with the camera shutter closed; the
offset is also included in.

Hot pixels are individual cells that are particularly
sensitive to this thermal noise and tend to saturate
quickly during long exposure. Those hot pixels will
have to be processed separately (usually replaced by
the average of the surrounding pixels). An interesting
property of thermal noise is that it is linear to the ex-
posure time. For exemple, a thermal noise of a 2sec
exposure is twice the thermal noise of 1sec exposure.
This means that you can extrapolate any shorter ther-
mal noise frame from a master thermal noise frame
with long exposure — assuming you have mapped the
hot pixel properly. This is done by doing a median
average of a a long exposure dark frame serie (at least

7 frames, if possible more). Most astronomical soft-
ware require both the offset frame and the dark frame
to pre-process your image. The thermal noise is of
course embeded in the dark frame. Be very careful as
the thermal noise (thus the dark frame) is very sensi-
tive to temperature. Make sure to use a Dark frame
taken with the same temperature as your spectra. If
your camera doesn’t have a temperature regulation,
you should take dark frame close to the time you ex-
pose your spectra. Some software can still extrapolate
a proper thermal noise map based on the area of your
chip with no signal, which is very easy in the case of
LISA spectra. You do not have to rebuild your dark
frame every night; you can create your library of dark
frames taken at different temperatures and use it for
several months.

Flat field is a spectrum of the tungsten lamp inside
the calibration unit. This flat will be mainly used to
get low frequencies non uniformity, caused by dust
on the CCD front glass for exemple or overall instru-
mentation vigneting. Make sure to take a long serie
(about 15 exposures) of flat spectra as the processing
will divide your spectra by this flat. The signal has to
be as high as possible without any saturation.

Wavelength calibration spectrum is an emission
spectrum from a lamp. In LISA Pack, you will use
the neon inside calibration unit. Take three exposures
each time to do a median of them and remove any
single exposure defect.

3.4.1 Offset (Bias) image

For the Atik 314L+ camera, the average level is
around 300 ADU (it varies from one camera to the
other). To get an offset image, put a cap on the LISA
light entrance, to ensure that no light comes in. Take
an exposure of 0 second, binning 1x1.

P4 Aud ACE (via) S EI=
f

s shit

Automalc Flat
Fid Frames

| — — TR 4 1= 281.000000 Camera A: ARTEMIS CCO: ATIK-314L
| | =

@ ves 08/01/2012142347 UT Meart - ot cornect d

You can measure the average level in the image
(draw a rectangle, and right-click to get the statistics
in the window):
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T4 Aud'ACE
il

No... there is only a few pixels at this level (they
are hot pixels: their level is growing too fast com-
pared to others), and the data reduction will elimi-
nate them. Change the visualization high threshold
at about 5000 ADU and the low threshold at about
2000 ADU. At this level, most pixels are black (be-
cause they are all around 384 ADU in average). But
you can see that some pixels are still white; these are
the hot pixels:

| — 1257000000
] |
| ] @ v-3m 06/01/2012 142451 UT Mount: Not connected

3.4.2 Dark frames

A dark frame is taken with the same conditions as a
spectrum (exposure time, temperature), but with no
light coming into the spectrograph.

If, for instance, your star spectra are made with
300s exposure, dark frames must be taken with the
same duration. These images can be log to obtain...
since they are only dependant on the instrument, not
on the observing conditions, we can make these ima-
ges once, and keep them in a reference directory. 3.4.3 Tungsten flat spectrum

Here is a typical dark frame of 300 second exposure
(and binnng 1x1, of course):

Automai Flat
Field Frames

huo .| | — — 1= 412000000 Camera A: ARTEMIS CCD: ATIK-314L
[ e— ) 08/1/2012 145209 UT Mount_:Nol comnected

The tungsten lamp of the calibration module is used
to get an “as flat as possible spectrum”. This is an
incandescent lamp, with no emission or absorption
lines.

T4 AudACE

For basic LISA (not LISA Pack), the calibration
module is optionnal. If you don’t have this mo-
dule, you must put some white light in front of
the spectrograph entrance.

To get a flat, switch on the Flat lamp on the calibra-
tion module (you should hear the electro-magnet):

i JI:i:l 8 x-38 1= 403000000 Camera &: ARTEMIS CCO: ATIK314L
[ — R 0B/01/2012 144232UT Mount_: Not comnected

It looks to be very similar to offset... in fact, they
are details between both images. Look at the average
level of the image:

T4 AudACE
i

i ‘ = and launch an acquisition image of 20s, binning
EeS—FN e 1x1. You should see this:

The mean value is now 384 ADU; it was 270 in
the offset. The difference (384 - 270 = 114 ADU)
is due to thermal activity of the CCD during the ex-
posure. An other difference is that there are some
hot pixels. In the above image, the Max value is...
65535: it is saturated ! Should we drop the image ?
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L SRR
[ w1 43823 %=3%
el l=——— 7 Ve

l=ameooo00 Camen A ARTEMIS CCD: ATIKATAL
08/01/2012 150516 UT

Mount : Not connected

You can adapt the exposure time to get the highest
possible level - with no saturation. Reminder: opti-
mal level is close to 70% of the camera dynamics. De-
pending on your screen size, the image can be wider
than the window. You can change the viewing scale
of AudeLA window. Go to Menu / View, and select
Zoom x 0.5.

What do we see ? This is the spectrum of the white
light. It seems quite fuzzy, but in fact, this is a very
precise spectrum. Imagine this is the image of the
slit,when it moves along the colors (wavelength) from
UV on left to IR on right. You can see that the spec-
trum is dark on the left. Does it mean that there is no
more signal in the UV domain ? No. But in this range,
lamp intensity is lower and the CCD is less efficient...
then the image is fainter.

Of course, the useful area of the image will always
be in the light rectangle - like below (blue rectangle).
All black top and bottom areas will never be used -
except in some special cases to get the dark level of
the image (since these parts are never enlighted, they
can be used as dark indication):

|-eo8OOO00  Camen A:ARTEMIS CCD: ATIK-314L

J
e _] C—— | 423 X-8
| [ — E— 06/01/201215:17:23UT

57 =9

Mount: Nat connected

74 Aud ACE (visu} - F/Sunfe
File Vi

* (7 Graph of the section (visu)

30000
35000

37000 {

o

T Auto Refresh
159300000 |
130202012 034

== | — E— R
2ol d=—=—5 5 v

Refiesh Now

The graph shows the level of pixels (in ADU), along
the yellow line. You can move each end of the line to
see the section of the part if the image you want. If
you extend the line all along the spectrum, you’ll have
a rough profile of the spectrum:

4 Aud ACE (visu) - F/SunRe
File Vi

ceFlat0 it ==

f -
| —mE | 473 X=812
Auto

1558000000 ‘
o S— R

1

At the end of this step, don’t forget to switch-off the
Flat light.

3.4.4 Neon spectrum

During the camera setup, you've already made several
neon acquisitions:

At this stage, you can use a useful tool of audela:
the section viewer. Go to menu Analysis / Section. A
new window appears, with a yellow line in the middle
of the image:

I
|

| | | 457 R=22

| | 189 Y-8

1 = 395000000 Camera A: ARTEMIS CCD: ATIKZ14L
06/01/201216:25:51 UT

Mourt Mot comnected

We've let the same blue rectangle as previous image.

Of course, the spectrum area is exactly the same as
the flat spectrum. But in this case, we have no more
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continuum (continuous spectrum), but a serie of lines,
mainly on red side (you can look at your neon light in
the LISA... it is really red). The purpose of the neon
spectrum is to give a reference for wavelength calibra-
tion during the data reduction. Since neon spectrum
is very well known, we can define the actual wave-
length for each of the lines, with a very good preci-
sion.

The above image is a 60 seconds exposure. When
you look at the image level, you can see that it is sat-
urated. Should we reject it ? Again... No. Only some
lines are saturated. We could reduce the exposure
time to solve the issue... but now, look at the low
level lines, by moving thresholds to 500 (low) and
1500 (high):

74 Aud’ACE (vi [o &=

|

J
= T 1505 x-30 l-amowow  Comes A: ARTEMIS OCD: ATI-A14L |
| auo
| T Mo Y-8m0

06/01/2012 15:35:34 UT Maurt : Nat connected

You can see on the left (blue side of the spectrum)
that there are some faint lines. These lines will be
very useful to calibrate the spectrum wavelength all
along the visible range. Then, we prefer to saturate
some lines in the red part (they will be not taken into
account during data reduction), to get good calibra-
tion lines in the blue part. Of course, if your specific
setup is different from this one (no saturation at all,
for instance), you can adapt the exposure time.

At the end of this test, don’t forget to switch-off the
neon light.

3.4.5 Object spectrum

So far, we have made only “technical images”... but
the LISA is made to look at star light. Of course, the
most important images are the star spectra. During
daylight, we can take one star spectrum: the Sun.
This is simple: ensure that there is some Sun light

coming into the room (even cloudy, rainy, snowy weather).

Switch-off any artificial lamp in the room. Remove
cap from the telescope interface, and put a diffuse
paper. Launch an acquisition in binning 1x1. The
exposure time is very dependant on your specific con-
ditions. For the below image, we were in a dark room
(only a small window far away from the LISA), with a
rainy weather - hard to be in worse conditions. How-

ever, in 60 seconds exposure, here is the result:

I
| 14130 x=18

i ‘] |=493000000  Comem A ARTEMIS CCD: ATIK-314L |
uio
| | —

06/01/2012 161240 UT

Mourt : Not connected

If you are in better conditions (sunny day, close to
a window - or even direct Sun light onto the LISA),
reduce significantly the exposure time - it can be less
than one second (LISA is very, very sensitive). Check
that your image is not saturated - no more than 70%
of the camera dynamics (around 40.000 ADU)

This spectrum is a wide continuum, in which you
can see many sharp absorption lines. Each line re-
veals a chemical element in the Sun chromosphere
(or in the earth atmosphere for some of them). You
can zoom in the image, there is really a high num-
ber of lines (note that around 30.000 lines have been
identified by professionnals in the Sun spectrum):

Of course, the Sun’s spectrum fills the whole use-
ful area in the CCD, because all the slit is enlighted.
When you will get star spectra, you will have only a
line, because the star is ponctual.

You can also take spectra of surrounding lamps,
and see the differences from one to another.

An important step is now achieved: your LISA spec-
trograph is up and running, and you are able to ac-
quire all images required to pre-porcess a high quality
spectrum.
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First spectrum: the Sun

In this section, you will perform a full observation,
from images acquisition to data reduction. Again, you
will work with the Sun, because it is available every-
where, and do not require to use a telescope. But
you will see later on that working on a non solar star
spectrum will be very similar to this first session.

Data reduction & data analysis.

Data reduction is the list of operations that
extract scientific data of the object (star...) from
raw images. It must be done by the observers,
who knows the instrumental effect of his setup.
Data analysis is any operation made on scien-
tific data, to focus on some features. It is done
by the scientist - not the observer. For instance,
correcting the spectrum from helicentric velocity
to make radial velocity measurement, or remov-
ing the continuum to focus on absorbtion lines
shape are data analysis operations.

Data reduction is the operation which starts from this
(raw data, 2D image):

and gives a calibrated profile like this (reduced 1D
profile):

Sun spectrum - LISA Pack
1.6 T T T

Relative intensity

’ 40‘00 45‘00 50‘00 55‘00 60‘00 65‘00 70‘00
Wavelength (A)

To get such a spectrum, you need several reference
images, defined in the previous section: Dark, Flat,
Offset, Calibration, Object.

Extracting the scientific information from these ima-
ges is a complex operation. Luckily, ISIS software will
do the computation for you. Your only responsibility
is to provide ISIS with the right images, in order to
allow it to process properly the different steps.

Start any observing session by opening a

personal log file: a simple text file, in
which you can write any significant element you
will encounter during the observing session. For
instance, you can describe shortly your instru-
ment setup, the reason for the observation, the
goal... and during the observation, any use-
ful information (camera temperature, any event
that gives some information on the images...).
In future, these informations will be very useful
to recall the observing conditions.

4.1 Images acquisition

you will make all the images during daylight, in a
room where Sun light is the only light in the room!.

1. If you cannot acquire these images for any reason, a demo set
is available on the CD-Rom.
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Think to switch-off artificial lights.

It prefectly works if weather is cloudy or

rainy: in all cases, this is always the Sun
light which comes to us. The general profile can
vary with your conditions (weather, room...),
but it will work in any case.

All acquisitions are made in binning 1x1.

Setup the camera temperature about 25°C under
ambiant temperature (cooling power below 80%).

Don’t change any tuning (focus, rotation, grating
position...) during all the acquisition session.

In this table, you’ll find the list of images you must
acquire with your LISA.

Image type Nb Exp. time Comm ent
Object (Sun) 3 & l::'xp, T11nze depends on your
situation
Offset 1 0 sec LISA closed
Dark frame 1 60 sec LISA closed
Flat 1 ~20 sec LISA closed, Flat light on
LISA closed, Neon light
Neon 1 ~60 sec on. Some lines are
saturated

At the end of the acquisition, you must have 7 ima-
ges (at least) in your working directory AstroTonight.

Sun spectrum

The light level is very dependant on your own situ-
ation. It can be from less than one second to one
minute, or even more. Start with 3 seconds, for ins-
tance, and look at the result. Move the cursor in the
image, in the heighest region, to look at the max level
image. You can also measure the max level of the
whole spectrum area (draw a rectangle, right click
“statistics in window”). Adjust the exposure time, to
have the max value at less than 70% of the dynamics
(around 40.000 ADU).

Let’s take an example. We assume you have made
an acquisition of 1 second. The max level in the image
is around 10.000 ADU. The goal is to have around
40.000 ADU. Then, you can shoot for 4 seconds.

When you have found the right exposure time, make
a serie of three (or more) images. In AudeL.A, you can
acquire automatically a serie of image and save it: se-
lect “serie” in the acquisition tool.

right/B-Sun-1.ft (E=S HeR =

etup  Help

J
o J%ﬁ WA k=4 I=47g0000 Caens
uio

| | — R 1 03/01/2012 1300:15 UT Mourt Mot

You now get a new acquisition panel:

GO CCD
Ohe Series h
Mame
Sun-
E stenzion fit
MHurmber 7
Indes
1 1 |

Fill the different fields: exposure time, the binning,
name, number of images, an index. The index should
be 1: this is the index of the next image (in the above
example, the first image name will be Sun-1). You

can reset the index at 1 by clicking on the button “1”.
Click the button GO to launch the acquisition.

Choosing a proper name for your file is im-

portant for next steps. The name must be
explicit, and simple. It must be finished by a ’-".
In our case, let’s choose Sun-. The ’-” will be fol-
lowed by the index of the image (Sun-1, Sun-2,
and so on). If you choose name with a number,
like HD299315 and you forget to put the -’ at
the end, the images will be named HD2993151,
HD2993152, HD2993153... which is very con-
fusing. Using the ’-’ will give HD299315-1,
HD299315-2, HD299315-3... which is better.

Each image is successively displayed when it is read
out. You can check that images are properly recorded
in your image directory are available. Note that each
image have the root name, and an index at the end.
The file extension is .fit, because files are in FITS for-
mat:
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@vv! » Libraries » Documents » My Documents » AstroTonight
Organize « Share with = Mew folder
¢ Favorites Documents library
B Desktop AstroTonight
. Downliads | Name Date m
| RecentPlaces  |F
| acqgfe-visul-2012-01-06.log
= Libraries L] SimT e
=| Documents ooy Sun-2.fft
*| My Documents ) Sun-3.fft
AstroTenight (L) S
Public Documer IS 5id3E
o Music L | Sun-6fit
= Pictures Alil-Sts L
= My Pictures
Public Pictures  _
8 items

FITS format is the ’standard’ for astronom-

ical imaging (and some other area like
medecine). It contains digital data - each pixel
of the image - and a header with keywords de-
scribing the image. You can read in AudeLA (like
in most of astronomy software) the header, and
find for instance the exposure time, the date,
the size of the image, and so on. Remember
that a FITS file not only contains the image it-
self, but also many data on the image, which are
accessible to user. You can check if a FITS file
is compliant to the spec on the NASA website:
http://fits.gsfc.nasa.gov/fits_verify.html

Beside the Sun-* images, you have also a log file called
acqfc-visu-*.log. This file is generated by AudeLA, to
track all acquisitions made during the session. One
log file is created per day. You can open this file with a
single text editor. It can be very helpful in some condi-
tions. Keep in mind that this information is available.

Neon spectrum

Perform the same operation with the neon light. Put
the cap on the telescope mounting ring. Switch-on
the neon light, and make some tests to find the right
exposure time (in binning 1x1, “One image” mode).
When you have defined the right exposure time, launch
a serie of acquisitions, called for instance Neon60-. At
the end, check that the files are in your working di-
rectory. Swicth-off the neon.

| | — — R 1= 407.000000
Auto
-~ — R -~} 09/017201213:32:39 UT

Mount : Not cornected

Flat spectrum

Again, perform the same operation, with Flat light
(tungsten). Switch-on the Flat light, and make some
tests to adjust the exposure time starting at 20 se-
conds. Launch the acquisition, called for instance
Flat20-. Switch-off the Flat light.

76 Aud'ACE (visul) - C:/Users/shelyak/Documents/ AstroTonight/Flat30-1.it
ile jsis era scof

[ | — —T 1- 834 000000
ao| |
| = 3 v-ne BT 13354 UT

Mount : Not cornected

Dark frame

Dark frame is made in same conditions as previous
images, but with no light coming into the spectro-
graph (put the cap on the telescope interface). The
exposure time must be at least the longest exposure
time of all other images. If your neon is 60 seconds,
your flat is 30 seconds and your object is 120 se-
conds, the dark exposure should be at minimum 120
seconds. If you have very different times (for instance
5 seconds for the flat and 300 seconds for the object),
we recommend to make two diferent series of darks,
with 5 and 300 seconds.

It happens that you don’t remember the exposure
time of previous images... we can easily recover this
information. For instance, we can load the first Sun

image (Sun-1.fit) in AudeLA. Select Menu / FITS header:
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Animate
Arimate [MASCOT)

Convertthe displayed FITS image.
Downoad DSS Images

eShel View

New Sciipt
Exita sorpt.
Fur a seipt.

Esit

| L]  —  — T T 1 - 501.000000 Gomera : Not connected
uto
[ ] 122 v=1034 09/01/2012 13 41.03UT Mount - Mot connected | |

This opens the FITS header panel, in which you can
see all keywords, including “Exposure”. In our case,
we see that this acquisition duration was 60 seconds:

é FITS Header (visul) - C:/Users/shelyak/Documents/AstroTonight/Sun-1.fit =]
BGMEAN = 4351 .5 mean value for background pixels adu -
BGSIGMA = 20.84167381172518 std sigma walue for background pixels adu
BIN1 = 1
BIN2 =1

BITPIX = 16 number of bita per data pixel

BSCALE = 1 default scaling factor

BZERO = 32768 offset data range to that of unsigned short

CAMERA = ARTEMIS CCD: ATIK-314L libascomcam
CONTRAST = -1.542427400000000=+008 Pixel comtrast

CRPIX1 = 635.5 [pixel] Reference pixel for naxisl

CRPIXZ = 513 5 [pixel] Reference pixel for naxis2
DATAMAX = 65535 maxinum value for all pixels =du
DATAMIN = 245 minimum value for all pixela adu
DATE-END = 2012-01-06T15:55:14.915
DATE-DBS = 2012-01-06T15:54:14.915

DETHAM = Detector
EXPOSURE = &0 [a] =

EXTEND = T FITS dataset may contain extensiona
GPS-DATE = 0 1 if datation is derived from GPS, else 0

MEAN = 2707.7278766496411 mean value for all pixels =du -

K

When you have defined the needed times, launch

the acquisition of dark frame, called for instance Dark60-

(if exposure is 60 seconds):

76 Aud'ACE (visul] - C/L i 1fit = |[=@]E=]

File View lmages Analysis Camera

Help for the Taot
Acquistion

Setup

Ewp | 10 seo

| — - — - R 1= 455.000000 Camesa : Mot cormected
ao | |
| — T -] 09/01/2012 13331207 Blount: Nat connected

Offset image

Last acquisition to make is the easiest one: offset.
This is the same as dark, but with null exposure time.
Launch an acquisition called Offset- for instance:

6 AudACE (visul) - C:/Users/shelyalc/Documents/AstroTonight/Offset-1 fit [=E =
File View lmages Anclysis Camers Telescope Setup Hel

Help o the Tool
Aeauisiion

Selup

Aocdsiion
P Progess

Automatic Flat
Field Frames
|

o | E— AT 1 = 406000000 Camera : Not connected
uio
- — - 09/01/2012 133423 UT Maunt: Not connected

We have finished the acquisition side of the opera-
tion: we have all data ready for reduction.

4.2 Data reduction with ISIS

In few words, data reduction consists in:

*Correcting 2D images with Offset, Dark, Flat, cos-
metic issues (hot pixels, cosmics)

*Adding/combining 2D images (with geometric cor-
rections),

*Extracting profile (2D image -> 1D profile) in the best
possible conditions (collect all available infrmation),

*Wavelength calibration,
*Instrumental response correction.
You will process in several passes:
*The first one gives a basic wavelength calibration.
*The second step will make a better calibration law.

*The third one is to define the Instrumental response
curve.

ISIS is a dedicated software to reduce astronomy spec-
tra. It can be used for many instruments, but has spe-
cific features to simplify the LISA images processing.
In this section, you will see how to proceed in detail
with the images you got. You will start in a very ba-
sic mode, then youll add some operations that will
improve the quality of the final result.
Start ISIS software. You should have this window:

Shelyak

40 INSTRUMENTS



CHAPTER 4. FIRST SPECTRUM: THE SUN

(B -veoo Ee=
Gererdl Insimerts Masterimages Image dsplay Profie dplay Tools s Quik Lock Setp
Iages parameters Spectal calbration
Generic name [ mberz 1 [ © Predefined mode (1200 go
e T e = Predefined polnom (see "D in“Proie disloy"tab)
Fie (tpexocist)
Pat: Mt ]
Xeoordinate of e at wavelength (5506525 | A = [ (pheks)
Calibration - ) (9] Spectal cabraton
Ouput
Generlparameters Object name
‘Spectnum vertical coordinate - ] 1 Fed Y value forsequence i i
Picl sie fricons): 54 [F] Sy ek romoned .
Sertengo: [ == [[] Wavslengh regiration Observer - Hourshft: 0
Leftimi (1) : [0 Righ imi (<2 : [0 ] Cosric rays fter ————
o o )
() (s
Cosmetcfie: caame [ @ opmatbmng =
Inse.responsivty ( Rejecton coef: 50
Wavelength shit (4): 0 [ Bioning adustment |
[7] Ao atmosphers  AOD: 0.13 Amo, transmission

In the top of the window, you have several tabs (Ge-
neral, Instruments...).

Click on the last one: Setup. This is where you can
define general parameters for the software:

[ s5-vaoo Ere=]
Goneral hstumerts | Masterimages inage diply o deslay Tods bise Qucklook [ e
Working directory Longuage FITS etenson

=) Foch @ G o T s
Spectral database directory Interpolator type Spectral calibration image
= e ® sove p— Lo

Erase automaticaly intemedate fes Assitant Scaling profie spectralregion

Yes © No [¥7] Check fil names consistency. lambda1: 6630 A lambda2: 6645 A
Observatory
Longtude : 150858  deg. lattude: 4351728  deg. Abude: 150 m

(postive ongiude at the east )

In this configuration panel, you must give following
informations:

*Working directory (the famous AstroTonight),

*The Spectral database directory (where you have in-
stalled the database file),

*Select Yes in the area “Erase automatically intermedi-
ate files”: we don’t need to keep the temporary files.

*The information regarding your Observatory- longi-
tude, latitude and altitude,

The result should be similar to this window:

BB 1515 - va00

General Instruments Master images Image display Profile ¢

Working directory Lar

Swsers mot__ [
-

Spectral database directory Inte

\Lisers’ yalk\pi

Eraze automaticaly intermediate files Assistant

Ohservatony

Longitude Oeg Latitude deg. Altitude

( positive longitude at the east )

|#] Check fils names consistel

4.2.1 First step: basic data reduction

Go back to the tab “General”. Fill the following pa-
rameters in the main window:
In the Images parameters area:

*Generic name of the Object: Sun- (without the in-
dex),

*Number of Object images (3): you can get it automat-
ically by clicking on the small button beside the cell
“Number”,

*Offset file name: Offset,

eDark file name: Dark60,

*Flat file name: Flat20,

e Calibration file name: Neon60,
In the General parameters area:

*Pixels size: 6,45um (this is for the Atik 314L+ ca-
mera),

eRemove the cosmetic file name (the default value is
cosme),

*Select the option “Sky not removed”: in our case, the
sun light fulfill the slit, and we don’t have the infor-
mation for the sky background,

In Spectral calibration area

*Select “Predefined mode”, and choose the option “LISA
(internal neon lamp)”

In the Output area (these data are not required for the
data reduction, but they will be added in the resulting
file’s header):

*Object name: Sun,

*Instrument: Give the name of your own instrument,

with details. For instance, LISA 247-C11F 6 - Atik314L+,

*R: Indicate the typical resolution for your instrument.
For the LISA, we consider it is R=1000,

*Observatory: Give the name of your observation place,
*Observer: Give your name,

At the end, you should have these data in the win-
dow:

FShelyak.
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- (B vas Sle =
B vion S e e [ e
General Instruments Masterimages Image display Pro . P -
frage name =
Images parameters 5 o

Gorarcrame () ] e DD
o+rs — (]

Calibration -{{_Neon60-1 (i [¥] Spectral calibration z

General parameters _
Hithreshold 0

Spectum vertical coordinate ;| | Fixed Y value for sequence kotantt 2

Pixel size fmicrons) - Click on button “...”, to choose the file. Select Neon60.

You will - probably - have a black image:

Slant angle: 0 Tit angle : 0 ] Wavidergth registration
B vioo e =
Leflmit o<ty = D Rigth it 0¢2) © 0 Pl G Genera nstumerts Vasterimages | [ imogedepey | Prfiedislay Todls bise Quick Look Setp
- L S =
Cosmetic fils :O = 7| Optimal binning - o
Instr. responsivity : | | Rejection coef. : 50
Wavelength shift (&) : 0 | Binning adjustment |
Ao atmosphere ADD @ 013 Atmo . transmission | ‘
| [
=) 2 23 mag sers\shelyak \documents astrotoright\neon0-1 i 20120106T16:3658.711 Expostion : 6005
it 0
Sfile display Tools Misc Quick Look Setup LD‘MM B 0

| .
Spectral calibration . . . .
It is black, because the image is much bigger than
& Fredefinedmode  [LISA(iniemalneontamp) 1=y the screen, and the neon spectrum is not in the de-
fault displayed area. Use both cursors around the
image to see the spectrum:

("1 Predefined polynom  ( see "Dispersion” tool in "Profile display” tab )

™ Fle: { type ;0o lst )

ﬁ I8I5- V400 ol @ |=
G bstmerts | Mastecimages | [ wagedepay || Poledeply Toos M QukLook oo
¥ coordinate of line at wavelength | 5544 83 A=§ ( pieels )
inagerame:; Neon01 [ s ] ] ‘ s ‘
Qutput

Instrument : Cxﬁw - R

Obzervatory : -
Observer: v Hour shift : 0

Go ‘ I Stop ‘

5 = > = sers\shelyak\documerts asretonight\neani-1 i 20120106T163658.711 Thon 600
| Display image | | Display profile | itheshold SRE A
Lo threshold \] o

O "

With the experience, you will be soon able to re-
congize this typical neon pattern by yourself. For ins-
tance, there is a group of 5 lines on the right of the
image which are typical of the Hu area:

At this stage, you need to give one more informa-
tion to ISIS, for wavelength calibration. You can see
that there are two orange cells in the window, with
“Spectrum vertical coordinate” (General parameters)
and “X coordinate of line at wavelength 5944,83A”
(Spectral calibration). This cells must be filled to tell
ISIS where is roughly the spectrum in the image. To
do this, we need to look at the neon image.

Go to the tab “Image display”:
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[Wiss-vaoo Sl® =
Generl bstumerts | Masterinages | [ imogedminy | Pl deplay Toos M Quick ook Setp

Image name

Retils
En \
‘ Sststic
‘ Sant
;922
viem
1605
age sfichée  :\uses\shelyak documerts\asrctaright\neon0-1 2120106T163658711 Sposton:600s  Doman
Hitrestold 0 e wwr
Lotreshad: [ 0
[

' In this image, we must identify the line at 5944, 834.

This is the line shown in this image:

rﬁmsrwoo o=
Gonert e e T = Mo | Guickloak seun

Imagename :  Neon6-1 Load

Image affichée - c:\users\shelyak\documents astrotoright\neon6(-1 it

2012-01-16T10:33:37.713 Expostion : 60.0s Domain
Htreshld 0 ww  ww

Lotreshad: (] 0 o

Double click on this line, in the middle of the spec-
trum (vertically). You will get a small window show-
ing the position you clicked. This is the information
you need:

Double-click coordinates | 2

X =896 Y = 403

—

Record these values, and go back to the General
tab. Copy the values in the two orange cells:

=R =]
image dsslay Profe deslay g " Quick Look Setp
Specte caltrats
Nt = T (] | || @ Prinose’ (L ]
— Predefned ponom (see” roie depey” tab)
=)
Fie (tpexccist)
Koottt vt (OB A.XEM
Output
Object name : Sun
nstmert s My msument < R:ED
Obeervatoy: My cbservaty e
Oserver Wysel - Hoursht: 0
Lot (1) O Rgthli 02 : 0 CosicTE — —
— ‘ G H = ‘ [ Displayimage | [ Display e
Cosmetic fie =] ] Optimal binning =
st resarvey [o]  Fescioncost.: 50
Wavelergh st (4): D
Adodmosghere A0D: 73| Amo;banamisson [

Now, launch the data reduction by clicking the Go
button (bottom right of the General tab). You will see
that all operations are described in the console area.
It takes some seconds, and at the end you should have
this message:

| Go | Stop Display mage | | Disaiay profi=

\_sun_20120116_450 dat .
Intemediate files removed

Acquistion starting date ; 1/16/2012 10:48:18 AM
Duration : 4.0 secondes

Mid-exposure date - 16.450/01/2012
Mid-exposure Julian day : 2455942 550
Resolution power : 10154

Ok,

You can look at the full log by moving the cursor on
the right of the console:

| Go | Stop Display image | | Display profile

“_sun_20120116_450dat
Intermediate files removed

Acquisition starting date ; 1/16/2012 10:48:18 AM
Duration : 4.0 secondes

Midexposure date - 16.450/01/2012
Mid-exposure Julian day : 24555342 950
Resolution power : 1015.4

Ok,

When the reduction is finished... where is the re-
sult ? It is accessible in the Profile Display tab - or
you can also go directly there by clicking on the “Dis-
play profile”, right above the console. The file name
has been automatically filled with the final spectrum
profile. You just have to click on the Load button to
display it:

[Bss-vaoo == =
oot et Masterimages image dsplay | [ Profledeply | Tools Misc Quick Look Setip
Pt randan 20120116465 [t © s © oA | B

WMWWM =
v =

L]
=
(e
c\users\shelyak \documents\astrotonight',_sun_20120116_466fit Sun 20120116T11:10:23. 495 ‘ oo ‘
Wavelengh - 406850 sty 11733 Y] Avtomaiiclevels Hihlevel .10 Lowlewed [0 [ A |

T

This is your first spectrum - congratulations !

The spectrum has been saved on the hard disk un-
der the name shown in the file name field above. You
can save it with an other name by clicking on the Save
button. and choose the name you want.

Let’s look in detail at this profile. If you move the
cursor along the profile, you will see in the left bottom
the wavelength and intensity for each pixel. We can
look for some typical spectral lines visible in the Sun:
Ho is at 6563A. This is the first “Balmer” line. It is

ég)het
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one of the deepest lines in the Sun:

Fmrwoa =S =)
General Instumerts Hastermages Image display Prfie dsplay Tools Misc Guick Lock Setup
Proie name = _sun_20120116_466 Lo=d ® ATS © DAT

Y

]

g
|
E

I

s AT 4SS S womeen )
Wavelen P 9] Adoaticlvel Highlevsl: 10 e [ e

The second Balmer line, Hj is at 4861A. This is
an other deep line, on the left (blue) part of the spec-
trum:

[EEss-veoo e =)
Goneral kstmerts | Masterinages iogedepay |[ Pofiedsiny | Took bise QuikcLook setp
Profile name : _sun_20120116_466 Load © FITS DAT Full -
Save

| e

i =

=
S aporon s (i

Wavelength - (859.00 ensty: 15123 9] Atomaticlevels Hohlevel: 10 Eowiavaiei[ 0 A |

You can scan the Sun spectrum to check that all
lines are properly calibrated. You can also check that
spectrum starts below 4000A and goes up to more
than 7000A. This is compliant to LISA spectral range.

1 ' Keep in mind that ISIS has made the ca-

~libration of the spectrum, based on the
neon image you gave it, and the position of the
5944,83A line. If you had given wrong data,
calibration would have been bad.

4.2.2 Second step: Improving wavelength
calibration

So far, the calibration of the spectrum has been made
with default LISA parameters recorded in ISIS. In the
log window, you can see the accuracy of the calibra-
tion (RMS):

Go ‘ Stop Display image. | [ Display profie

point #10 x = 1368.795 lambda = 7173.721 diambda = 0.219 -

Coefficient a4 : 0.000000EDD
Cosfficient a3 : 4.704416E-09
Coefficient a2 : 8.717852E-06
Coefficient al : 2.56057
Coefficient a0 : 3640.424

RMS - 1102073 o

The value of 1.10 is the mean error between theo-
ritical lines position and actual ones. In this case, it
means that calibration error is around 1A. You can
improve this - you can improve this by a factor of 3.

Go to the Instrument / LISA tab:

[Bss - veoo [EEE)
Generdl Insiumerts Masterimages mage dspiay Profie dplay Tools s Quik Lock Setp
LHRES sk eshel Star Ansheer
Specral calbration wih intemal eon amp +type A or Bstar
Calraion star spectrum image (type Aor B) ] J
Radal velocty fen/s): O

Resut necnaptau
Calbrat ectmimage |1 (see "General"tab ) # = .
Go
Hors rdnate 09 of Halphane (in piels ) 896 7] UV spectl caltration
Vertical coordiate (Y)of Halphaline (inpixes): 404, = Compute fatfied mage it vertical gain coection)
Generc name
Insiumenta response automatic evaluaton Dak O
ference specium :  RefBetelgeuse mooth cosficert = 5
Reempce et o (L] smooth cosficent Number of mages: 0[]
G
Computed response fle name :  refbetel Go Resut
Aasitart
Name of nput images
Object rame ;[ &

Focus on the area “Spectral calibration with inter-
nal neon + type A or B star”. As you can see in the
neon spectrum, most of lines ar on the red part. Only
few lines appear in blue part, with long exposure time
(ie 60 seconds or more). A good wavelength calibra-
tion requires to have lines well dipatched all along the
visual range. To complete the neon spectrum, ISIS
can use a star spectrum. Ideally, it must be a hot star
(A or B type), because these star have only few deep
lines. But for the moment, you only have a Sun spec-
trum... you'll deal with it.

Fill the field “Calibration star spectrum image (type
A or B)”, with the Sun-1 imge. Unselect “UV spectra
calibration”. Fill the Ha coordinates. To get these
coordinates, you must look at Sun-1 image, and rec-
ognize Ha line (see image below). Double click on
the line - you'll get a small window with coordinates:

[Bss - veoo =l e =]
General Instuments Master images Image display Profils display Tools Mic Quick Look Setup
v . Header

T s

X=13  v=dot

201201-16T11:10:23.795 Exposttion : 1.0s Domain
ool 5, o oo

Lothreshold : [} 0 0

You will have this:
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Spectral calibration with itemal neon lamp +type A or B star

Calibration star spectrum image (type AorB):  Sun-1 —
Radial velocity (kmss): 0

Calibration neon spectrum image © | Neon 60 (see "General"tab )

Horizontal coordinate (¥) of Halpha line (inpixels ) : 1136 UV spectral calibration

Go

Note that you cannot change the file name for “Cali-
bration neon spectrum image”. This file name is given
in the General tab. In fact, when you run the precise
calibration calculation in Instrument / LISA tab, ISIS
will restart the whole data reduction, with the param-
eters defined in the General tab. In this case, ISIS
will base its calculation on two different calibration
images: the neon one, and the Sun one - and it will
combine the results.

Click on Go button. The calculation takes some
seconds. You can see the result in the log window.
When calculation is finished, you can look at the cal-
culation accuracy:

Wertical coordinate (Y) of Halpha line (in piels ) - A0

RMS : 0.271947 {en angstroms)

Ecart d'sjustement en longueur d'onds
poaint #1 x = 127.785 lambda = 2970.215 dlambda = -0.135
point #2 x = 179.215 lambda = 4101.670 dlambda = 0.080
poirt #3 x = 272.258 lambda = 4340.221 dlambda = 0.259
poirt #4 x = 475.104 lambda = 4861.794 dlambda = -0.454 -

— ]

In this case, RMS is now 0.27 A: you've a signifi-
cant improvement (initial value was 1.14).

A new calibration polynom is now recorded: it will
replace from now the ISIS default value. In the Gene-
ral tab, you can see that the Spectral calibration op-
tion has been automatically changed to “predefined

polynom”. You must keep this option from now:
Spectral calibration

Predefined mode 1200 grooves./mm | & lines )
@ Predefined polynom  ( see "Dispersion” tool in "Profile display” tab )
File: - (type xooclst )

¥ coordinate of line at wavelength 5544 83 A = 856 { picels )

Calibration calculation.

Wavelength calibration consists in calcu-

lating the matching wavelength for each
spectrum pixel. This is done with a polynom (up
to degree 4), because dispersion is not linear.
The principle is to identify some known lines in
the spectra, and use them to fit the best possible

polynom.

To complete this operation, you must re-run the data
reduction with this new configuration - in the General

tab, simply click on Go button. The result will be very
similar to initial one (the calibration error is too small
to be visible), but it is really improved.

4.2.3 Third step: Correcting the Instru-
mental Response curve

You can see properly the lines in the profile, and you've
a good wavelength calibration. But what about the
general profile of the Sun’s spectrum ? In the ISIS
database, there is a catalog solar spectrum. You can
compare it to your own result. In the Profile display
tab, there is a list of buttons on the right. Click on the
Database button:
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You will get a new window:
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You can see several catalogs. Take some time to
visit them, but you may focus on the Sun spectrum,
available on the right of the panel. If you click on
the Sun button, you will load the reference spectrum
of the Sun in the Profile display window. Close the
database window, and look at this new profile:
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\users\shelyak \documerts \astrotoright\._delsco_20120106 663/t del Sco 201201.06T15:54:14 4355

Wavelength :  4662.25 Intensity : 13717 V] Automatic levels Hghlevel: 10 Lowlevel: 0 [ A |
L

It is significantly different than what you get. What
happens ? Several things. Firstly, the spectral range is
not the same: your spectrum covers a little bit more
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than 4000A to 7000A. The above spectrum covers
from 3500A to more than 10000A. Secondly, your
spectrum is not (yet) corrected from Instrumental Res-
ponse.

Instrumental Response curve.

The spectrograph is a combination of opti-
cal elements (lenses, mirror, CCD chip...). Each
of them has its own sensitivity vs the wave-
length. For instance, a CCD chip has low sen-
sitivity in Blue, but very good in Red, even in
near infrared (NIR). At the end, the whole in-
strument has a global sensitivity, and you can
establish a Response curve: this is the profile of
the instrument. You will divide the result by this
curve to get the actual spectrum of the observed
object.

You will now build your Instrumental Response curve.
Start by cropping the Sun Reference spectrum. In the
Profile display tab, there is a Crop button. Click on it:
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You will get a small window asking for cropping
limits. Type 3900A to 71004, and click on Applied:

Crop

Wavelength 1: 3500 Aoplied

Close

'

Wavelength 2: 7100

Then, you will get the same spectrum, but in a
smaller range:
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Wavelength: 4477.25 ntensty: 13725 7] Automatic levels Hohlevel - 10 Lowlevel: 0

The Sun spectrum is very rich: there is many lines
in it. So many, that it is difficult to see the continuum
of the star. During the night, you’ll use hot stars for
this operation: you will see that hot star has a very
continuous spectrum, with only few deep lines. To
compensante this issue, we recommand to filter the
spectrum at this stage. Click on the Filter button, in
bottom part of the window:
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A new panel appears, with a cursor that make the
filtering more or less important. Move this cursor,
and see the effet (the spectrum is smoothed). A good
value for the filter value is 5:
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T
This is the reference spectrum you will use to cal-
culate your Instrumental response. Save this file - for
instance with name RefSun (in fits format). To do it,
click on button Save, and fill the required field:
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CHAPTER 4. FIRST SPECTRUM: THE SUN

button on the left of the window:
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Wavelength: 447725 Intensty ;13725 7] Atomatic levels Highlevel: 10 Lowlevel : 0

You will see a new panel, in which you can select
the spectrum you want to compare. Select your own
Sun spectrum. Keep all other fileds and click on Com-

pare:
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You can see that both spectra have not the same
general shape (this is because of the response curve),
but all major lines are perfectly aligned - this confirms
visually that your spectrum is properly calibrated.

Now, go to the Instrument / LISA tab, and in the
bottom left area, give the Reference file name (Sun-
Ref in your case), and give a name for the spectral res-
ponse curve - for instance Response (it will be saved
in FITS format, again). Give a smooth coefficient
(to eliminate sharpest details in the profile). Starting
value can be 10. Finally, click on Go button:

B 1515 - va.0.0
General Instruments Masterimages Image display Profile display
LHIRES LISA eShel Star Analyser
Spectral calibration with arhzon lamp +type A or B star
Calibration star spectrum image (type AorB):  Sun-1 |

Radial velocity km/s): 0

Calibration neon spectrum image : | n=onE (see "General"tab )

Horizontal coordinate () of Halpha line (in piels ) : 1151 [T UV spectral calibration

Vertical coordinate (Y] of Halpha fine {in péeels ) : 467

E

Instrumental response automatic evaluation

Reference spectrum
Computed response file name

Smooth cnaﬁicie@

Calculating the response curve is a simple division
between the Sun observation and the Sun reference
spectrum, but in ISIS process, the observed sun is re-
calculated - to ensure the process is correct, double
check that you didn’t change the parameters in the
General tab.

You can now see the Response curve profile in the
Profile display tab (the file name is automatically-
loaded):
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The remaining noise in the profile is due to the
number of lines in Sun spectrum. This will not exist
anymore on stars - you will take a hot star spectrum
to build the Instrumental response. But in the Sun
case, it is better to increase the smooth coefficient (in
the below image, smooth coefficient is 50), to have

something similar to this:
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When this Response curve is done, you must re-
run the data reduction with this new element. Go
back to General tab. The field “Instr. responsivity”
has been filled with the name you defined in previous
step. Click on Go button, and look at the result in
Display tab:
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This is very similar to the Sun spectrum found in
the database... You can again make the comparison:
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To better see the details, you can zoom in the pro-
file using the selector on top right of the window:
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You can see that all details in the spectrum are not
noise, but real signal... this is the magics of spec-
troscopy.

You have now fully processed your first Sun spec-
trum. To do this, you've gone through several steps:
first basic calculation, then improved wavelength ca-
libration, then Instrumental Response correction. You
will use the same path for the stars spectra. But the
accurate calibration and the Instrumental Response
curve can be done only once during the observing
session: it does not change if you don’t change the
observing conditions. Then, you have to take some
time for the first data reduction (in real life, it takes
only few seconds, if you have the right images), but
it is quicker for the next observations.
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Install the LISA Pack on the telescope

You are now familiar with your LISA Pack, and you
know what images you need to make a successful ob-
servation. It is time to go to the telescope, and pre-
pare the instrument for the first observing night.

Ideally, the installation must be done during day-
light: it is more comfortable, and you don’t lose any
observing time. But before doing the installation it-
self, you must first check that your telescope is pro-
perly collimated and the mount is polar aligned. If
you install the telescope the same day as the LISA
Pack, it is preferable that you check the telescope it-
self before mounting the LISA Pack onto telescope.

LISA Pack is optimized for a F/5 beam. If your tele-
scope is far from this value (Schmidt-Cassegrain tele-
scope are usually around F/10) , we recommend to
make an optical adaptation, to make it as close as
possible to /5. If you don’t make this adaptation, it
will work (you’ll have a spectrum !), but you will lose
light and efficiency.

5.1 Mechanical installation

Install the LISA Pack on your telescope. The mecha-
nical interface can differ from one instrument to the
other, but the simplest way is usually to mount the
spectrograph in the 2” eypiece holder. In the below
image, the LISA Pack is mounted with a focal reducer,
to change the telescope F/D from 10 to 6.3.

Choose the orientation of the spectrograph in such

a way that a movement of the mount along AD axis
will move the image along the slit.

When you align the spectrograph to tele-

scope movements, you make pointing and
guiding much easier: movements of the tele-
scope in AD and DEC will be seen in the guiding
image as horizontal and vertical.

Tighten securely the instrument.

1 . Seeing spectrograph falling down on the

" groundis is not a good experience. We
highly recommend to attach the spectrograph
on the telescope with a wire or cable.

Install all the cables of the LISA Pack (power supply,
USB) and telescope.

Install them in such a way that the telescope can
move in any direction without tearing out cables, or
even pulling them out - it would affect immediately
the guiding.
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5.2 Balance the mount

Because of the spectrograph wheight, balanced posi-
tion can be very different from usual configurations
you know - specially for small instruments. You can
have to add extra-wheight to balance the instrument.

Attach all the cables together in one of the

tripod leg, with enough free length for the
movement of the spectrograph. Check that in no
positions cables will be on the ground. Procee-
ding this way, the cable wheight embbeded by
the mount is always the same, and balancing is
not affected. In some cases, this helps a lot to
achieve a good guiding.

5.3 Focus the telescope

Switch on the PC, and start AudeLA software (or the
guiding software you prefer) to get guiding image.
You should get something like that - the slit must be
sharp and horizontal (if not, refer to 3.3.2):

74 Aud'ACE (visul) =

File View lmages Analysis Camera Telescope ‘Setup Help

| — — T ) 1= 16466,000000 Camera A:ATIK HS
wis| |
| 12 Y4 O6/01/2012 12:38.07 UT

Mount  Not cunnecled!

Now, we have to focus the telescope to see an object
at the infinite. We could wait for the night (and stars)
to do it, but it can be difficult to do in some conditions
(star are faint, and in the beginning, we don’t know

the position of the focusing - even roughly). We must
be able to scan all focus range quickly to find the ap-
propriate position. To do that, look for some object as
far as possible in the landscape (mountain, tree, ur-
ban light...). Lauch acquisition in continuous mode,
and change the focus until you see the object (in be-
low image, we see the Chamrousse station on top of
the mountain close to Grenoble):

5.4 Align the finder

To make easy the object finding during the night, you
have to align your finder to the telescope. In the pre-
vious step (focusing), you choosed an object at the in-
finite. Once you see this object in your guiding image,
tune the finder to see it in the center of the finder too.

This operation is very dependant on your

setup. But take the opportunity of this
step to make easy to find your object during
the night. The guiding is not that big, and you
can lose a lot of time turning around your tar-
get. The time you spend during the day to make
this alignment will save a lot of time during the
night.
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CHAPTER 5. INSTALL THE LISA PACK ON THE TELESCOPE

5.5 Connect the telescope to the
PC

We will not go in detail of the autguiding in this do-
cument: it is highly dependant on your own setup.
But most telescopes can be controlled by the PC, for
pointing, guiding, and even autoguiding. If you have
this capability in your setup, this is the right moment
to activate the connexion.

The instrument is now ready for observing.

5.6 Last check...

A good way to check that everything is Ok, you can
launch a full serie of images: Sun, neon, flat and dark
frames. Double check that images are properly stored
in the AstroTonight directory. Check that all images
are Ok (focus, orientation...).

You can now wait for night and stars...

dShel

INSTRUMENTS

yak

51



LISA Pack : User Guide & Reference Manual

Shelyak

52 INSTRUMENTS



First observing night

We highly recommend to start your first observing
session at least two hours before the night. There
are some operations to do before starting observation
itself:

* Switch-on acquisition camera and its cooling,
*Prepare AstroTonight directory,

*Open a log file to record all events of the night,
*Check & setup session parameters of the software,
*Select the targets,

*Focus the telescope.

The goal of the observation is to make your first qua-
lity star spectrum, including data reduction. Com-
pared to the Sun observation you made recently, there
are some differences:

*Star spectra require telescope pointing and guiding,

* Acquisition camera must be cooled down, to allow
long exposures

*Because of the low light level, you will run not only
one image of each type (star, dark , flat, neon...), but
series of images,

*The star spectrum is not anymore a large band (Sun
light covered all slit), but a single line of some pixels
wide.

*You will need to start with a hot star observation (A or
B type), to get a good Instrumental Response curve.

Why taking several images ? There are

several reasons. It improves the Signal to
Noise Ratio (SNR), by averaging the noise. It
can prevent for saturing images by splitting ex-
posure time. It can prevent for any bad event
during acquisition (cloud or guiding issue, for
instance): you can elminate only some images,
and keep the good ones. A good figure is around
5-10 images per target and single exposure time
up to 15 minutes.

6.1 Prepare your observing session

6.1.1 Start the equipment

Switch-on all the instrument elements: telescope, ca-
meras, PC.

Start AudeLA software, and select the Atik 314L+
camera.

Start the camera cooling. It requires some time
(~15 minutes) to stabilize.

Keeping the CCD at the same temperature

during all night is important to prevent
any thermal effect in the images - remember that
dark frames are very dependant on the CCD chip
temperature.

6.1.2 Clean-up AstroTonigh directory

Archive and erase all data in the working directory
(called AstroTonight so far). This directory must be
empty at the beginning of the night. Open a log file
for the night.

6.1.3 Select your targets

Take some time to choose your first targets. We sug-
gest to observe easy stars: bright, high in the sky. Of
course, you can prepare a list of target - in this case,
you can choose stars of several spectral types, to see
the differences. You can also add a Be star (like gam
Cas, if it is visible for you). you’ll see how fun these
objects are.

You also have to choose a reference star (A or B
type), to get the Instrumental Response curve. This
is the first star you will observe. This star must also
be bright, and high in the sky (more than 30° above
horizon). You will find in figure 6.1 a list of potential
targets, classified by the position in the sky. All the
details (coordinates, type, and so on) of these stars
are detailed in figures 6.2, 6.3 and 6.4.
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Figure 6.1: Reference stars (B & A type)
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CHAPTER 6. FIRST OBSERVING NIGHT
Name | Magn. | Sp. Type AD DEC HD SAO
10 Lep 5,5 A0V 0531 07.62809 | -20 51 49.1644 HD 36473 | SAO 170506
106 Aqr 5,2 B9V 23 44 12.07893 -18 16 36.9688 | HD 222847 | SAO 165854
108 Vir 5,7 B9.5V 14 45 30.20425 | +00 43 02.1895 | HD 129956 | SAO 120642
11 Lyn 5,9 A2V 06 37 38.38609 | +56 5127.1077 | HD 46590 | SAO 25842
11 Peg 5,6 A1V 2147 13.96237 | +02 4110.0481 | HD 207203 | SAO 127060
17 Cap 5,9 A1V 20 46 09.98789 | -213050.5188 | HD 197725 | SAO 189667
17 Eri 4,7 B9Vs 03 30 37.05823 -05 04 30.5239 HD 21790 | SAO 130528
18 Ori 5,5 A0V 0516 04.13416 | +112028.8737 | HD 34203 | SAO 94426
21 Lyn 4,6 A1V 07 26 42.85187 | +49 12 41.4907 HD 58142 SAO 41764
21 Peg 5,8 B9.5V 22 03 19.03215 | +112311.5765 | HD 209459 | SAO 107625
23 Peg 5,7 B9Vn 22 05 34.67418 | +285750.3193 | HD 209833 | SAO 90217
26 Gem 5,2 A2V 06 42 24.32722 | +17 38 43.1118 HD 48097 SAO 96015
26 UMa 4,5 A2V 09 34 49.43259 | +52 03 05.3165 | HD 82621 SAO 27298
27 Vul 5,6 B9V 2037 04.67254 | +26 27 43.0087 | HD 196504 | SAO 88903
28 Cet 5,6 A1V 01 06 05.14842 | -09 50 21.6739 HD 6530 | SAO 147606
28 Eri 5,2 A1V 03 47 39.65058 | -23 52 28.8352 HD 23878 | SAO 168836
29 Com 5,7 A1V 12 48 54.21284 | +14 07 21.3146 | HD 111397 | SAO 100283
29 Vul 4,8 A0V 2038 31.33888 | +211204.2467 | HD 196724 | SAO 88944
3Crv 5,5 A1V 12 11 03.83904 | -233608.7202 | HD 105850 | SAO 180546
30 Mon 39 A0V 08 25 39.63201 -03 54 23.1178 HD 71155 | SAO 135896
35 Vul 5,4 A1V 2127 40.05720 | +27 36 30.9396 | HD 204414 | SAO 89720
4 Ari 5,9 B9.5V 0148 10.93603 | +165719.9768 | HD 10982 | SAO 92637
4 Lib 5,7 B9.5V 14 43 13.55130 | -245951.9093 | HD 129433 | SAO 182795
4 Sgr 4,7 B9V 17 59 47.55508 | -23 48 58.0876 | HD 163955 | SAO 186061
4 Tau 5,1 A0Vn 03 30 24.46716 | +112011.1876 | HD 21686 | SAO 93463
47 Hya 5,2 B8V 13 58 31.14642 | -245820.0979 | HD 121847 | SAO 182134
49 Cet 5,6 A1V 01 34 37.77884 | -1540 34.8979 HD 9672 | SAO 147886
50 Boo 5,4 B9Vn 1521 48.57532 | +3256 01.3005 | HD 136849 | SAO 64656
50 Lib 5,5 AO0Vs 16 00 47.63255 | -08 24 40.8864 | HD 143459 | SAO 140897
51 Dra 5,4 A0Vn 19 04 55.16590 | +53 23 47.9627 | HD 178207 | SAO 31371
53 Leo 53 A2V 10 49 15.43057 | +103242.7270 | HD 93702 | SAO 99305
57 Hya 5,8 B9V 14 47 57.55833 -26 38 46.1560 | HD 130274 | SAO 182883
61 Sgr 5,0 A2V 1957 57.03129 | -152929.3554 | HD 188899 | SAO 163141
62 And 5,3 A0V 0219 16.79595 | +47 22 47.9081 HD 14212 | SAO 37948
69 Her 4,6 A2V 17 17 40.25427 | +371729.3995 | HD 156729 | SAO 65921
69 Leo 5,4 A0V 11 13 45.55346 | -00 04 10.2202 HD 97585 | SAO 118731
7 Cyg 5,8 A1V 19272595887 | +521913.5737 | HD 183534 | SAO 31673
7 Tri 5,2 A0V 02 15 56.28521 | +332132.0226 | HD 13869 | SAO 55397
7 Vir 5,4 A0V 11 59 56.91293 | +03 39 18.7141 | HD 104181 | SAO 119156
78 Her 5,7 A1V 17 31 49.57878 | +282426.9981 | HD 159139 | SAO 85182
8 Cnc 5,1 A1V 08 05 04.48834 | +13 07 05.5757 | HD 66664 | SAO 97542
81 UMa 5,6 A0V 13 34 07.30510 | +552054.3673 | HD 118214 | SAO 28803

Figure 6.2: List of reference stars (1/3)
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Name | Magn. | Sp. Type AD DEC HD SAO
bet Crt 4,5 A1V 11 11 39.48783 | -22 49 33.0593 HD 97277 | SAO 179624
chi Boo 53 A2V 1514 29.15853 | +29 09 51.4577 | HD 135502 | SAO 83729
del Sex 5,2 B9.5V 10 29 28.70222 -02 44 20.6862 HD 90882 | SAO 137600
del UMi 4,3 AlVn 17 3212.99671 | +86 3511.2584 | HD 166205 SAO 2937
eta Tuc 5,0 A1V 23 57 35.07819 -64 17 53.6293 | HD 224392 | SAO 255609
gam Oph 3,8 A0V 17 47 53.55973 | +02 42 26.2000 | HD 161868 | SAO 122754
HR 1315 5,2 B9Vn 04 14 36.23274 | +10 00 41.0529 | HD 26793 | SAO 111680
HR 1367 5,4 A0V 04 20 39.01323 -20 38 22.6434 HD 27616 | SAO 169354
HR 1482 5,6 A0V 04 41 24.12862 | +48 18 03.1629 | HD 29526 | SAO 39688
HR 1576 5,8 B9V 04 55 50.15389 | +1502 25.0044 | HD 31373 SAO 94212
HR 1621 4,9 B9V 05 01 25.58052 -20 03 06.9147 HD 32309 | SAO 169981
HR 1723 5,0 B9V 05 15 24.37202 -26 56 36.6324 HD 34310 | SAO 170238
HR 1792 5,6 A0V 05 24 28.48967 | -16 58 32.8063 HD 35505 | SAO 150416
HR 1835 5,6 A1V 0528 15.33533 | -371350.7485 HD 36187 | SAO 195887
HR 1947 5,8 B8V 05 38 43.52561 -40 42 26.3223 HD 37717 | SAO 217450
HR 2180 5,5 A0V 06 08 57.86539 -22 25 38.6780 HD 42301 | SAO 171293
HR 2194 5,7 A0V 06 06 09.38182 -66 02 22.6387 HD 42525 | SAO 249448
HR 220 5,6 B9V 00 48 01.06468 -21 43 20.9909 HD 4622 SAO 166585
HR 2209 4,8 A0Vn 06 18 50.77630 | +69 19 11.2310 | HD 42818 | SAO 13788
HR 2244 5,0 B9V 06 15 44.88569 -13 43 06.2928 HD 43445 | SAO 151283
HR 2279 5,8 B9V 06 19 40.95612 -34 23 47.7288 HD 44323 | SAO 196686
HR 2345 5,8 A0V 0624 13.84199 | -60 16 52.7697 HD 45557 | SAO 249535
HR 2502 5,7 B9.5V 06 46 39.01559 | -10 06 26.4968 HD 49147 | SAO 151911
HR 2589 5,9 B8Vn 06 56 25.83302 | +09 57 23.6674 | HD 51104 | SAO 96294
HR 2791 5,2 A1V 07 18 33.51266 | -3912 37.0314 HD 57240 | SAO 197836
HR 2940 5,7 B9.5V 07 36 43.91969 -48 49 48.6020 HD 61391 | SAO 218841
HR 3081 5,8 B9V 07 49 40.99310 -66 11 45.5020 HD 64484 | SAO 249978
HR 3370 5,5 A0V 08 27 16.75574 -70 05 36.5444 HD 72337 | SAO 250235
HR 3383 5,8 A1V 08 34 01.61816 | -02 09 05.5830 HD 72660 | SAO 136044
HR 3592 5,7 A2V 09 04 00.39988 | +54 17 01.9811 | HD 77309 | SAO 27105
HR 3721 5,9 A0V 09 17 27.56922 | -74 44 04.5265 HD 80950 | SAO 256600
HR 3927 5,7 A0V 09 54 51.23170 -50 14 38.2572 HD 86087 | SAO 237483
HR 4056 6,0 B9V 10 18 28.24411 -41 40 06.5599 HD 89461 | SAO 221948
HR 4138 4,7 AlV 10 30 20.12710 -71 59 34.0602 HD 91375 | SAO 256722
HR 4502 5,5 A0V 11 41 19.79057 | -43 0544.3987 | HD 101615 | SAO 222960
HR 4597 5,9 B9V 12 02 37.69286 | -69 11 32.2330 | HD 104600 | SAO 251699
HR 4620 5,3 B9V 12 08 14.71198 -48 41 32.9487 | HD 105416 | SAO 223235
HR 4687 5,5 A1V 12 18 49.98448 | +7509 38.0207 | HD 107193 SAO 7540
HR 4735 5,6 B9V 12 26 51.69000 -3249 48.4379 | HD 108323 | SAO 203477
HR 4933 4,8 A0V 13 03 33.30528 -49 31 38.1518 | HD 113314 | SAO 223870
HR 498 5,7 A1V 01 42 02.99377 -36 49 56.2995 HD 10538 | SAO 193261
HR 5037 5,7 A2V 13 21 41.64387 | +02 05 14.0741 | HD 116160 | SAO 119899
HR 51 5,8 B9V 00 14 54.51542 | -09 34 10.4503 HD 1064 | SAO 128660
HR 5167 58 A0V 13 4536.89030 | -260657.6301 | HD 119752 | SAO 181931

Figure 6.3: List of reference stars (2/3)
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Name | Magn. | Sp. Type AD DEC HD SAO
HR 520 5,0 A1V 01 46 06.26346 | -53 3119.3279 HD 10939 | SAO 232520
HR 5332 5,5 A0V 14 15 24.08494 -18 12 02.4879 | HD 124683 | SAO 158448
HR 5489 4,9 A0V 14 44 59.20161 -351130.5745 | HD 129685 | SAO 205899
HR 5786 5,9 B9V 15 41 54.68382 -76 04 55.0619 | HD 138867 | SAO 257310
HR 6025 5,4 A0Vn 16 06 19.67620 | +67 48 36.4805 | HD 145454 | SAO 16962
HR 6070 4,8 A0V 16 18 17.90017 | -283650.4768 | HD 146624 | SAO 184301
HR 6275 5,9 B9V 16 56 28.76899 | -521701.4884 | HD 152527 | SAO 244285
HR 6420 5,7 B9V 17 18 47.82907 | -44 07 47.0906 | HD 156293 | SAO 227813
HR 652 53 B9V 02 12 54.46962 -30 43 25.7732 HD 13709 | SAO 193573
HR 6572 5,8 A0V 17 41 16.24072 -46 55 18.5858 | HD 160263 | SAO 228279
HR 6883 6,0 A2V 18 22 35.31853 | +120146.8522 | HD 169111 | SAO 103648
HR 6955 5,8 A2V 18 31 04.44914 | +165542.8042 | HD 170878 | SAO 103800
HR 7086 5,9 A1V 18 48 53.38616 | +191943.3984 | HD 174262 | SAO 104129
HR 7223 6,0 A0V 19 06 55.60705 -48 17 56.9176 | HD 177406 | SAO 229493
HR 7380 5,7 B9V 19 26 56.48284 | -294435.6170 | HD 182681 | SAO 188127
HR 7444 53 A2V 19 34 41.25930 | +422445.0369 | HD 184875 | SAO 48601
HR 8366 5,5 A2Vn 21 56 22.76964 -371513.1601 | HD 208321 | SAO 213414
HR 845 5,4 A0V 02 49 54.18207 | -275631.1374 HD 17729 | SAO 168082
HR 8844 5,9 A0V 2314 37.10616 | +74 13 52.5743 | HD 219485 | SAO 10664
HR 9013 5,0 Al1Vn 23475477158 | +67 48 24.5072 | HD 223274 | SAO 20853
HR 922 5,9 B9V 0307 18.99782 | +64 03 27.3379 HD 19065 SAO 12608
iot And 4,3 B8V 2338 08.20130 | +43 16 05.0649 | HD 222173 | SAO 53216
iot Aqr 4,3 B8V 22 06 26.22742 -135210.8615 | HD 209819 | SAO 164861
iot Oph 4,4 B8V 16 54 00.47151 | +100955.2982 | HD 152614 | SAO 102458
kap Men 5,5 B9V 05 50 16.78640 -79 21 40.9076 HD 40953 | SAO 256248
ksi Aur 5,0 A2V 0554 50.78082 | +554225.0084 | HD 39283 SAO 25450
lam Aql 3,4 B9Vn 19 06 14.93898 | -045257.2007 | HD 177756 | SAO 143021
lam Cap 5,6 A1V 2146 32.09739 | -112157.4391 | HD 207052 | SAO 164639
lam Cnc 5,9 B9.5V 08 20 32.13630 | +240120.3198 | HD 70011 SAO 80113
ome Oct 5,9 B9.5V 15 11 08.81659 -84 47 16.1255 | HD 131596 | SAO 258717
omi Hya 4,7 B9V 11 40 12.78970 | -344440.7733 | HD 101431 | SAO 202695
phi Oct 5,5 A0V 18 23 36.44823 -75 02 39.3950 | HD 167468 | SAO 257584
rho Cet 4,9 A0V 02 25 57.00560 | -121725.7104 HD 15130 | SAO 148385
rho Peg 4,9 A1V 225513.67197 | +08 48 58.1932 | HD 216735 | SAO 127839
sig Ara 4,6 A0V 17 35 39.58957 -46 30 20.4618 | HD 159217 | SAO 228162
tet Ari 5,6 AlVn 02 18 07.53838 | +19 54 04.1862 HD 14191 SAO 92877
tet Cap 4,1 A1V 21 05 56.82783 -17 13 58.3021 | HD 200761 | SAO 164132
tet Crt 4,7 B9.5Vn 11 36 40.91335 | -09 48 08.0912 | HD 100889 | SAO 138296
tet Lep 4,7 A0V 06 06 09.32339 | -14 56 06.9188 HD 41695 | SAO 151110
zet Ari 4,9 A1V 03 14 54.09731 +21 02 40.0103 HD 20150 SAO 75810
zet CrA 4,7 B9.5V 19 03 06.87698 | -42 0542.3858 | HD 176638 | SAO 229461

Figure 6.4: List of reference stars (3/3)
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6.1.4 Setup session parameters

All Audela parameters must be setup: several key pa-
rameters are written in the FITS file header. Refer to
3.2. Have a special attention to observers names, in-
strument configuration and observatory data:

74 Observer Location (o] = |[=]
Organization Mame [70 characters max. ]:
Shelvak Instruments
Observers Mames [70 characters max. :
F. Cochard, 0. Thizy
Obszervatony Mame: |Le Werzoud - 38420 FRANCE j

Add Observatory I Delete | Copy |

Longitude: E j 0d5mds0
Latituide: M j 45d0rn0s0
Altitude: 200 m
Gieodtic: Datum; wisas 7]

GPS Format Update [wWESE4) |

GPS 0.083333 E 45.000000 200 GOTO Gaogle Earth |
MPC Formats Update |

GPS Format MwES84):

1L Number of the Site:

&L Site File: ohzcodes bt Update

MPC Format:

MPCSTATIOM Format:

ok | Apply | Help Close |

6.2 Acquisition - Reference star

6.2.1 Point the reference star

So far, you have used the standard acquisition tool
for both acquisition and guiding cameras. For the gui-
ding section, you may use preferably the guiding tool.
It is accessible from menu “Telescope / Autoguider”.
It has great features dedicated to guiding function,
such as dynamic reticule.

Point the telescope towards the reference star you
choosed. In the beginning, select a quite long expo-
sure time (0,5 seconds or more) for the guiding ca-
mera, to be sure to see the star obviously:

[=EER]

0o om

8 v=% 282022 201432 UT Mou mect

) Vs & =m0
|
| | — E—

Of course, during the night you don’t see the slit
anymore in the guiding image. But it is still here, of
course. In the below image, we’ve put a flashlight in
front of the telescope. The slit image is not properly
focused, because of bad optical conditions (the lamp
beam is not coming from infinite):

(== = )

‘ _l Cmw ] 23148 =10 I=BM7OOOO0 Cawen A ATIK HS “
ted

Auo
8 veon 280202012 202152 UT Maurt : Nat cannestes

| | E—

6.2.2 Focus the telescope

Since you focused the telescope on the landscape, it
is probable that it is not perfectly focused on the star.
Take some time to do it. When your target is in the
guiding image, you can adapt the guiding exposure
time to prevent any saturation.

1 ' You must focus the telescope, not the gui-
“ding camera (it is already done, and you
have checked it with the sharpness of the slit).

At the end of this operation, you must see the star
focused:

ZShel

58 INSTRUMENTS

yak



CHAPTER 6. FIRST OBSERVING NIGHT

00 0o
1Mams

—— — TR wwon o AT RS
=

8 Y5 28202012 201814 UT Mount Not cannected

You can use the dynamic measurement of the star
image level, to prevent saturation. Draw a large rect-
angle around the star, and right click. Select Statistics
in window

6.2.3 Put the star in the slit

Put the reticule some pixels below the slit (simply dra-
gand drop it by clicking any of the blue line).

Move the telescope to put the star in the middle of
the slit:

T4 Aud ACE (visul) [E=R(E=R ]
ile alysis

era Telescope Setup Help

g On
Intensiy (ADU) 873,
Deviaon 00 0.0

00 000

T J | — — l=g0OO0 Camn A:ATIK: HS
W 1 & v-13 28/02/2012 20:30.08 UT Maunt : Not connected:

You can use the dynamic measurement of the star
image level, to prevent saturation. Draw a large rect-
angle around the star, and right click. Select Statistics
in window:

74 Aud'ACE (visul) ol[E]=
r—— alysi

Visut
Max: 39147
Min: 714

Mears 525109613

00 0o
1087 ms

i ]  — — ] l-mzoOOO0  Cawen A ATIK HS
uto
| — — ] 26/02/2012 202618 UT Maunt : Not cannected

When star crosses the slit, it should disappear from
the guiding image. In fact, the star never totally dis-
appear from the guiding image. In normal conditions,
star image is slightly bigger than the the slit. Even if

most of light goes in the slit, some percents are still
visible in the guiding image. This is generally enough
to guide.

New observers often choose a two long ex-

posure time, and the star is saturated, or
close to. This is a mistake: if you do that, you
don’t see a significant intensity difference when
the star crosses the slit.

During the star spectra acquisition, you will need to
track the star, and keep it in the slit. The movement
of the star can be due to several phenomena: poor
mount alignment, bad telescope tracking, wind, and
so on. You must find the right corrections to collect
as much light as possible. Keep this in mind: when
the star disappears in the guiding image, it means the
star light is sent to the spectrograph. Any light you
see in the guiding image is lost for the spectrograph.

Remember: if during exposure the star

goes out of the slit, the intrinsic quality of
the spectrum will not be affected. There will be
only less light, and the SNR will be lower.

If the star moves along the slit during the

exposure, the spectrum will be wider (ver-
tically) in the image - this is not a big problem if
it is at a reasonable scale.

In extreme conditions (faint object), you

may have an alternative strategy for gui-
ding: using a brighter star in the field of guiding
view.

You can activate the guiding feature of AudeLA, but
this is not the purpose of this document. If you double-
click the star, the red square will be moved around
the star, and star center will be recalculated for each
image.

6.2.4 Acquire reference star spectrum

When you consider that guiding is under control, you
can start acquisitions. For each image below, you will
have to define the exposure time required to get 70%
of the camera dynamics. The exposure time for star
images (reference and target) is very dependant on
telescope diameter and on target. With bright objects
(up to mag 3 or 4), only few seconds (even less) is
enough. For fainter objects (magnitude up to 8, or
more), you can make exposure of 5 minutes (300 se-
conds), and adapt the number of images to the mag-
nitude of the star. You can always start with short
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exposures (i.e. 10 seconds), and evaluate proper ex-
posure time from highest reached level.

In AudeLA, the acquisition can be done in different
modes. The basic mode is to take one image:

& Aud ACE (visul) - C:/Users/s

File View Images Analysis

Help for the Tool:
Acquisition
Setup

Exp. 180 sec

GO CCD

Orne Image hd

N arne

Extension it

™ Index
]

Save

— Acquisition

In this mode, you can take images one by one - and
decide to save them or not. This is the ideal mode
when you are tuning the parameters (like exposure
time). When it is done, you have a second mode,
to acquire a serie of images automatically. For next
steps, you will use this mode:

74 Aud'ACE (visul) - Ci/Users/shely:

Help for the T oal:
Aoquisition |

Setup

| Acrpisiion

In this mode, give a root file name (remember: it
is preferable to finish it by “-”), choose the number of
images, put the index at 1 (this is to make the first
image named “name-1”), and click on GO CCD. The
whole serie is recorded on the disk. In your first case,
record 7 spectra of the reference star, for instance.

6.2.5 Record reference images

After this star spectrum, immediately make the other
images - without moving the telescope.

To run properly the data reduction, you will need
the following images (as you did for the Sun):

Image type Nb Exp. time |Comment
Reference star| 7 * [Depends on your case
Flat| 5 ~20sec  [Flat light on
Neon (short)| 3 ~10sec  [Neon light on
Offset| 5 0 sec Telescope closed
Telescope closed. Duration
Dark frame| 5 * depends on other acquisitions.

At least 20 seconds.

Launch the acquisitions for all these series of ima-
ges.

For the reference star, the spectrum looks like the
below image. You see some deep absorbtion lines:

Ght20120208/ChaudeC-10t =
Hep

o e

Shift ]

Al
[ 41069 X =428 | = 253000000
N
P ® e omaomer

Camera : Not conneced

Maunt : Nat cannected

Always double check that no image is saturated -
and have enough signal.

Flat field is done by switching-on the Flat lamp on
the calibration module.

iz Jljl 43823 ®=39%4 I=378000000  Cames A ARTEMIS CCD: ATIK-314L
[ — T 08/01/2012 150616 LT

Mount: Not connested

The same for neon light: switch-off the Flat lamp,
and switch-on the neon on the calibration module.
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i

Camera A: ARTEMIS CCD: ATIK314L |

1= 303000000
08/01/201216:35:34 UT

i | 1505 X=350
Auto
| o | 5 v=g80

Mount: Not connected

Dark frames:

74 Aud ACE

ARTEMIS DCD: ATIC31AL
Maurt_: Not comnected

i Jljl @ x-a |- 03000000

e s— 06/0172012144232UT

6.3 Acquisition - Target star

Now point your first target. Adapt the exposure time
to get the optimal level (less than 70% of the camera
dynamics). Launch the acquisition of a serie of ima-
ges.

6.3.1 New calibration images

As soon as you have acquired your target spectrum,
launch a new neon serie. Do the same after any new
target spectrum. There is no need to re-do other ima-
ges (flats, offsets, darks), because these images do not
change during the same observing session.

i - Do not move the telescope between star

" spectrum and neon spectrum. The goal is
to get calibration image in exactly the same con-
ditions.

For long observations (one hour or more),

we suggest to record a neon serie before
and after the star spectrum. During the expo-
sure, the telescope moves and the position of
the spectrum can slightly move in the image,
because of mechanical flexions. The move, if
it exists is very small, but in some cases, you’ll
be happy to get data for a more accurate wave-
length calibration.

6.3.2 Ending observing session

When you have acquired all the spectra you need,
take some time to double check that you have all re-
ference images. It is very frustrating to end the night
with a lot of images, and discover the day after that
you have not all the data to reduce them. Have a spe-
cial care for dark frames: you must have some with
the longest exposure time of all your spectra. It can
happen that your first spectra were 10 seconds long
(for instance), and during the night you decided to
go for fainter objects, with 60 seconds exposures. In
such a case, ensure that you have 60 seconds dark
frames. You can do them at any time - just ensure
that the camera temperature is always the same.
When you have finished all acqusitions, copy the
AstroTonight directory to your Archive directory.

Archive data of the night immediately after

the acquisition: as soon as you start data
reduction, there is a risk that you alter original
data... with a copy in your archives, you can
always go back to initial status.

Exit software & switch-off all the installation: came-
ras, flat & neon light, telescope and so on.

6.4 Reduce the data

You now have all the data ready for reduction with
ISIS software. You will use the same way as for Sun
Spectrum, with only few differences. Again, we will
proceed step by step:

*Create master images from reference images (dark,
flat...)

eBasic data reduction of the reference star,

*Improve the wavelength calibration (using neon +
hot star),

*Build the Instrumental Response curve,

*Reduce each star spectrum with these elements.
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To illustrate the data reduction, we use in this do-
cument a serie of images taken in real conditions.
These images have been made with a C11 telescope
(0.28m), close to Grenoble. The reference star we
used is ksi Tau (B9V type). And the main target we
observed is Betelgeuse, in Orion (cool star, M2 type).
At the end of our observation, we have following files:

File name Nb Type Exp. time Comment

ksi Tau - reference star

KiTau-| 5 | Object | 60sec |4 0o Bovy

Betelgeuse-| 3 Object 10 sec Main target
NeonXiTau-| 3 Neon 10 sec Neon for ksi Tau
NeonBetelgeuse- | 3 Neon 10 sec Neon for Betelgeuse

Flatl5-| 5 Flat 15 sec Flat
Dark180-| 5 Dark 180 sec  [Dark frames

Offest-| 5 Offset 0 sec Offset

6.4.1 Master images

To improve the image quality, you've taken not only
one reference image, but series of images. You will
start the data reduction by combining these series to
get higher quality reference images. In ISIS, go to
Master images tab:

[Eiss-vaan [ERENES

General Instrumerts Masterimages Image display Proie display Toos Misc Quick Look Setup

Compute an offset mage Compute 3 cosmetc fle: Compue an unforn image {syrthetic latfield)

Generic name Ofset Dk image Name:

et ) P o =

heanie: 5| ] ] Vet g corctin

Resut dark120. ‘ & ‘ Coordinate Ymax of validty zone : 540 Compute a PRNU map
Coordinate Yrin of valdty zone - 230 s
magerumber: 5[] A

Resut fatis Ofset mage

In this page, there is an area for each type of re-
ference image. You'll make a master offset, a master
dark frame, and a master flat field. You will also com-
pute a master neon (for both ksi Tau and Betelgeuse).

In this example, we used capital initial let-
ter for the raw image file names, and ini-
tial lower case letter for master images.

For each type of images, fill the fields, and click on
Go button. To get the number of images, click on the
small button beside the “Image number” field.

For offset images:

Compute an offset image

Generc name ;. Offset-

Image number: 5 Ll

Result : offget

Go
For dark frames:

Compute a dark image

Generic name ;  Darkc180-

Offset image : offset

Dark coef. : 1
Image number: 5 |:|
Result : dark 180 Go |

For flat fields, you must indicate the position of the
flat area in the image. You can define these values by
displaying the Flat15-1.fit image, and move the cur-
sor in the edges of the flat area.

Compute a flatfield image

Generic name © Hat15%-
Diark image : darc180

Ciffset image - offset
| Verical gain comection

Coordinate Ymax of validity zone : 540

Coordinate Ymin of validity zone : 230
Image number: & |:|

Result flat1s

e

Vertical gain correction field tells ISIS to

take care of the gradient along vertical line
in the flat image. This gradient is due to unper-
fect uniformity of the slit enlightment with the
flat light.

For the neon images:
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Compute a mean image

Générc name :  NeonXiTau-

Image number : 3 D

Resuft : neonXiTau

Re-run the last operation with the neon for Betel-
geuse:

Compute a mean image

Génerc name :  MeonBetelgeuse-
Image number : 3 [:]
Result neonBetelgeuse

You have now computed all master images. You
can check in the AstroTonight directory that they are
properly recorded.

6.4.2 Basic reduction of reference star

Go to the General tab, and fill the parameters with
these elements:

- Generic name: XiTau- (there is 5 images),

- reference images: all files you just created,

- Pixel size: 6,45um,

- No cosmetic and Instrumental response file,

- “Sky not removed” not selected

B 1515 - va0a0

General Instuments | Master images Image display Prod

Images parameters

Generic name = XiTau- [ ] Mumber: 5 [ ]
Offset - offset [.] Dak: dakis0 (L]
Fat: a5 =

Calibration : neonXiTau (] [¥] Spectral calibration

General parameters

Spectrum vertical coordinate W [ Fixed ¥ value for sequence

Pixel size {microns) ; 645

Slantangle: 0.36 Tit angle © 0.03

|71 Wavelength registration

Left limit (X1) : |417 Rigth lmit ($2) : [573 [] Cosmic rays fiter
Cosmetic file : :| [¥] Optimal binning

Instr. responsivity - [:J Rejection coef. : B0
Wavelength shift (&) : 0 " Binring adustmert. |

[7] Auto atmosphere  ADD: 013 Atmo. transmission :J

E—— ||
In the Spectral calibration area, select “Predefined
mode”, and LISA (internal neon lamp). Open the
neon image and double-click on the line at 5944,83A.
Copy the X value in the spectral calibration area (917
in the below case):

(== | =]
= display Tools Misc Quick Look Setup

Spectral calibration

@ Predefined mode [LISA{irrtemaI neon lamp ) v]

() Predefined polynom  (sse "Dispersion” tool in "Profils display” tab )

) File : (type s lst )
X coordinate of line at wavelength | 5544 83 A= 817 (pixels )
COutput

Object name : ksiTau

Instrument : My instrument + R: 800

Observatory My observatry -

Dbssrver : Mysel - Hour shift : 0
Go l l Stop l

[ Display image ] [ Display profile ]

=
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Now, open the XiTau-1 image, and double click in
the spectrum. If you select the “Reticule” option, you
will see the limits that ISIS will use for the calcula-
tion:

WS- vaoo Slo =

General nstrumerts Masterimages Image display Proie display Toos Misc Quick Lock Setup

2012:0118T18:48.04 456 Expostion : 60.0s Domain
Hithreshold 5} 14280 60000

Lothveshold [} 0

=

The middle area (around red line) gives the limit
that ISIS uses to collect signal. The two bands be-
tween yellow lines (below and above the spectrum)
will be used to define the sky background spectrum
and to correct the star spectrum from the sky pollu-
tion.

You will see that spectrum becomes wider

in the blue area (left end). It is due to op-
tical limits of LISA. The whole spectrum must be
contained withi the two internal yellow lines.

If you consider that the bundaries are not correct for
your situation, you can change the values in the Ge-
neral tab / Binning adjustment button:

Leftlimt (X1) - 417 Rigth limt (%2 © 373 Eoamic oy B ‘

Cosmetic file | | 7| Optimal binning

Instr. responsivity : | | Rejection coef. : 50

Binning adjustment |

Amo. transmission : | - ‘

Wavelength shit (8} : 0

|| Auto atmosphere  ADD: 013

In this window, you can select the values you want:

Definition of area zone for sky evaluation and spectrum binning
@ 1 2 3 4 | Predefined values
Yaupd ——————— 4] pixels | Display sky zone
Ysupl e |8 pixels
Y0  =========== Spectrum posttion - Binning heigth : |12
Yinfl e 8 pixels
e

Binning ? in this case, it means that ISIS

combines several pixel lines to get all sig-
nal contained in the image. Even if your in-
strument is perfectly tuned, the spectrum will
be spread on several lines: it is better to use all
available data. This meaning of binning is quite
different from pixel binning in the camera (this
was a hardware combination of pixels). The
simplest binning is the addition of pixels verti-
cally. ISIS uses a more optimized way of bin-
ning.

Go back to General tab. Note that when you double
clicked on the spectrum, ISIS automatically filled the
Y position of the spectrum.

All parameters are now given to ISIS: you can run
the calculation - click on Go button. After few se-
conds, when it is done, you can go to the Display pro-
file tab, and load the results (file name is prefilled):

[Bss-vaoo e =
Genersl Instrumerts Masterimages image dsplay | [ Frofle eplay Todls Mise Quick Look Setup
Foflerane:_iatos 020878 i ] @rms oo |

\users\shelyakc\documents\asiotoright\ kstau 20120118 783/t keTau 20120118T18:4804 n9s

Wavelengh: 363300 ensty: 01281 9] Automatic evels Hihlevel: 1 Eouliva 0 [ me ]

You can immediately see the deep absorption lines.
This is typical for a A type star. You can check that ba-
sic calibration is Ok, by looking at Ho (6563 A) and
Hj (4861 A). You can also look at the RMS for cali-
bration (in the log window) - in our case, it is 1.06A.

6.4.3 Improving calibration

The second step is to improve the wavelength cali-
bration, by using hot star balmer lines. Go to the In-
strument / LISA tab, and focus on the area “Spectral
calibration with neon lamp + type A or B star”. Fill
the star name:

Spectral calibration with intemal neon lamp +type A or B star

Calibration star spectrum image (type AorB): XiTau-1 | e |
Radial velocity (km/s): D

Calibration neen spectrum image © | neonXiTau (see "General"tab )

Horizontal coordinate (£} of Halpha line (in poels ). 661 UV spectral calibration

Vertical coordinate (Y) of Halpha line {in pixels ) : 404 | G ‘
0
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Display the XiTau-1 image, and double click on the
Ha line. It is at the right end of the spectrum:

CERED [EE
= vavmens | Veseremes ([ ngedue | Poliedwny | Toos e | ok | sem
imsgerane: iaw e ] e

Double-click coordinates | 58 |

X=1155  v=d01

ok

20120118T18.48.04.456 Expostion : 600 Domain
Hithreshold

£

Lotheshod: [} T 0

This double-click fills the X and Y values in the In-
strment / LISA panel:

Spectral calibration with intemal neon lamp + type A or B star

Calibration star spectrum image (type AorB): XiTau-1 —
Radial velocity km/s) : 0

Calibration neon spectrum image ©  |neonXiTau (ses "General" tab )

Horizontal coordinate (<) of Halpha line (inpixels ): 1155 UV spectral calibration

Go

You can now start the calculation, and look at the
result. In our case, the RMS is reduced to 0.47 A.

You can still improve this RMS by using a long ex-
posure neon image (60 seconds or more). Even if
there are some saturated lines in the red part of the
spectrum, you will reveal some fainter lines in the
blue part, and give more calibration information to
ISIS. In our case, best calibration is 0.34 A.

Vertical coordinate (Y} of Halpha line {in pixels ) : 401

6.4.4 Instrumental Response curve

Following step is to build the Instrumental Response
curve. You will proceed exactly the same way as for
the Sun:

*Find a reference spectrum in the database,
*Reduce resolution to LISA’s (if needed),
*Save it as the reference spectrum,

e Calculate the Response curve.

In our case, the reference star we used is ksi Tau. This
is a B9V star (magnitude 3.7). In the database, select
the Pickles B9V profile:

Database
Fickles NOAD Indo-US Libirary {CFLIB)
[Bov - [HD224926 (BEIV) |

Display ‘ ‘ Dispaty

Elodie - OHP (6200 A - 8800 A domi) MILES library
| vega (aov) e |HDoooa1s
‘ Display

The dispersion of the spectrum is 5 A/pixel. Smooth
it with the filtering tool (with a coefficient 3, for ins-
tance):

(B -vaoo s
(= buets | Vesermages | wogedsoy || Pofiedwley | Tods Mee | Queklook soun
Fofe e iatos Z0TTETE L] O ©oaT T

v
G
U 3
o= |
ciusers\shelyak'\documerts\astrotonight, kstau_20120118_783 dat
Wavelengh 409500 tensty: 32329 9] Atormatic evels Hohleve: 1 Lowlewe: 0 [

Save it as the reference spectrum - ie refBOV.fit.

Go to the Instrument / LISA tab, and fill the fields of
the Instrumental response area (10 is a good starting
value for smooth coefficient):

Instrumental response automatic evaluation

Reference spectum :  refBIY

Smooth coefficient : 10

Computed response file name ; reponse ‘

(7]
o

Click on Go, and look at the result in Display tab:

(s vaoo =l
= bzt | Moriwen iagedspley | [ Pofledmiy | Tods M Quekclosk oo
Wt ] erms oo [ |

S
re—
()
e (o)
Cel)
[
Diperson
(sl
L]
Continuum
e
()
ek \doumerts\asatonht [ |
ek et et Ve 0s
Wavelength - 360554 iensity: 00184 9] Automatic levee Hihlevel: 1 Lowlevel: 0 [ ome ]

You have now finished the preparation of your data
reduction. All of this has to be done only once per
session, of course. You can now apply these elements
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to all the stars you observed during the night.

6.4.5 Data reduction of other targets

First, you have to re-run the data reduction of your
reference star (ksi Tau in our case) with all the ele-
ments - high precision calibration and instrumental
response correction.

Go to the General tab and check that all fields are
properly filled - it is down automatically by ISIS. Take
a special care of Instrumental response file name and
Spectral calibration mode (predefined polynom).

Run the data reduction, and look at the result:

[Wss-vaan [= ==
General Instrumerts Masterimages Image diplay Prfie dislay Tooks Misc Guick Look Setup
Pt name : _fatou_Z0120118.783 ] @nrs ooar ]
\users\shelyak\documents\astrotoright kstau_20120118 783ft  ksi Tau 20120118T184804 a09s
Wavelength - 623701 Intensiy - 12136 7] Auomatic levels Hhlevel 1 Lowlevel: 0

As usual, check quickly that calibration is OK with
Ha and Hf. You can also compare to your B9V refe-
rence spectrum:

Bos-veos e =
(= bsunets | Maderimages | imagedey || Fomedmley | Toos W | Gadetinc seam
Foflerane . _iatos 0207 i | @ems oo |

Compare two spectra

Thesholdup ;5 Shit: 0 A

Conpar tospectu . cusem hetk e asrongty (] @ FTS ©) DAT (i)

5 velocsy =
Thshoddown: 0 ] Dipinythe o Compare ‘ [Comen

\users'shelyak \documents\astrotoright\ kstau_20120118 783/t ksi Tau 20120118T12:4804 098

Wavelength: 368324 ntensty : 15106 7] Automatic levels Hghlevel = 1 Lowlevel: 0

You can now run data reduction for all other spec-
tra you have acquired during the night. Of course, the
only elements to change are:

The spectra file name (and potentially the number
of files),

The calibration file name (neon taken just after the
object),

The object name, for the output file.

... That’s it. Simply click on Go, and your spectrum
is processed in a few seconds.

In our example, our target was Betelgeuse - a cold
star:

[Ess-vaoo e s

General nstrumerts Masterimages Image deplay Profe display Tools Misc Quick Look Setup

=] ems oo I

_betelgeuse_20120118_752

\users'shelyak\documents\asiotoright!_betelgeuse_20120118_ 7521 Betelgeuse 20120118T13:0008 Us

Wavelength : 396621 ntensty: 0.0141 7] Automatic levels Hghlevel: 1 Lowlevel: 0

Of course, the profile is very different from the hoter
reference star. To check that this profile is correct, you
can compare it to a spectrum frm the database: Betel-
geuse is a M2 star (it is also called HD39801). For
instance, in the Miles database, there is a spectrum of
this star (list is sorted by HD number):

[Bss - veoo e =
; ) [
[ ] w®@rts DAT
Tshodio; 18 S0 A Ve o (o]
7
Toesholddown: 0 ] Dipayhe ato ‘ e \ [ /
e [ o ]
c\users\shelyak\documents\astrotonight\,_betelgeuse_20120118_752ft Betelgeuse 201201-18T19:00:08 Us
Wavelength :  4541.32 Intensity : 01965 ] Automatic levels Highlevel : 1 Lowlevel : 0
SN N
Zoom in the image, to see details:
[Bss - veoo e =
; ) | om
[ ] w®@rts DAT
Tshodio; 18 S0 A Ve o [t
7
Thesholddown: 0 | ity the e ‘ o ‘ |
ciusers\shelyak\documents\astrotonight, betelgeuse_20120118_792fit Betelgeuse 2012-01-18T19:00:08 Us
Wavelength : 615174 Intensity : 0.8337 ] Automatic levels Highlevel : 1 Lowlevel : 0
BN

The compliance between our observation and the
reference spectrum is very good.

Congratulations for this great achievement - wel-
come in spectroscopy !

Of course, if you have observed several objects dur-
ing the night, you can reduce them the same way.
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Next steps

You have now passed all the steps to get your first
reduced spectrum. With the experience, you will per-
form acquisition and data reduction more and more
efficiently. In this section, we’ve put some tips and
tricks to improve your observations. Improving obser-
vation means better data quality (up to professionnal
quality level data), and better efficiency in your ob-
serving process.

7.1 Improve data quality

7.1.1 Signal / Noise Ratio (SNR)

Star light is faint... and you spread it with your spec-
trograph. At the end of the chain, only few photons
reach each pixel of your CCD camera. The whole
instrument (telescope, spectrograph, camera) limits
your ability to detect faint signal. The quality of your
spectrum is directly linked to the level of signal you
get on your CCD, compared to the “noise” of the in-
strument, which is its limit of detection. This is what
we call the Signal / Noise Ratio (SNR).

Improving SNR can be done in two ways: reduce
the noise or increase the signal.

Reducing the noise is hard: it is limited by physics.
But we can do it to a certain extend. For instance,
by cooling down the camera, you reduce the internal
activity of the CCD, and reduce the noise.

The best way to improve SNR is then to increase
the Signal. It can be done by several ways:

*Increase exposure time (the SNR will be increased as
the square root of the time multiplication),

*Increase the telescope size (this is why professionals
are always looking for bigger telescopes),

*Ensure that most of the light is going through the
spectrograph. Star image and slits are very small (few
wm), and it is very easy to lose high portion of the
light because of instrument.

The two main rasons for losing light at telescope en-
trance are usually:

*Telescope focusing. If the focus is not optimal, the
object size will be bigger than the slit width, and only
some percent of the object’s light will enter in the in-
strument.

*Position of the star in the slit. It is very easy to put the
star just beside the slit. The result is the same: you
lose a high percentage of your source.

The best way to improve this point is to check that
when star crosses the slit, it mostly disappear. Tune
properly your guiding camera exposure time to pre-
vent any saturation.

If the star disappears from guiding image
when crossing the slit, it means that most
of light goes through the spectrograph.

With the experience, you will know how much signal
your instrument can get, for a given magnitude. You
also have to compare your data with others, with si-
milar equipments, to have an external reference (see
7.3). If you see that this level is lower than usually,
take some time to find the source of this loss.

To go further in SNR improvement, you can make
two operations:

Measure the total power of your spectrum, and tune
the telescope focusing to optimize this measuement.

Compare the total power with and without slit (be
careful, when you remove the slit, you have then to
check and probably tune again the focus). Of course,
when slit is removed, you cannot track anymore the
star, but it will give you the percentage of light going
through the telescope when slit is present.

7.1.2 Resolution

The resolution of your spectrum comes mainly from
the spectrograph itself. LISA resolution power! is bet-
ter than 1000 around Hea. During the data reduction,

1. Resolution power gives the ability of the spectrograph to see
details. It is calculated as A\/A\, whereA\ is the smallest visible
detail in the spectrum.

FShelyak.
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ISIS software calculates the actual resolution power.
Check your result is close to this value.

The resolution is calculated from the width

of neon lines (AX = FWHM of neon lines.
The better is the focus of neon lines, the better
is the resolution. To optimize the focus, you can
use the focus tool of AudeLA.

7.1.3 Wavelength calibration

Take a special care to the wavelength calibration. In
usual conditions, you should have a RMS smaller than
0.5 A. Take the time to record a neon image af-
ter each object (without moving the telescope), and
use this image for the data reduction. Always double
check that there is no major error in calibration. The
simplest way is to look at balmer lines position.

7.1.4 Autoguiding

Autoguiding is very dependant on your equipment.
Autoguiding means that you send the guiding image
to the computer, which controls the telescope based
on star movement in the image. AudeLA software can
do that (like many other software).

Autoguiding is not only for comfort (when you acti-
vate the autoguiding, you don’t need to permanently
check the guiding image anymore), but it also im-
proves the spectrum quality, because it works always
in same conditions.

7.1.5 Cosmetic file

The CCD chip has some “hot pixels”. These pixels
are much more sensitive than others. These pixels
will give wrong measurements. It is better to remove
them from your image. It can be managed by ISIS
software, by creating a map of hot pixels. All pixels
considered as hot are replaced in the image by an ave-
rage of the pixels beside. To get the hot pixels map,
you use a dark frame, and record all pixels above a
certain value. Go to the Master images tab, and focus
on “Computing a cosmetic file” area:

1es Image display Profile display Tools

Compute a cosmetic file

Darcimage :  dark180
Threshold : R0D

(e

J Cosmetic file :  cosme

Give the threshold value - for instance 500 ADU (in
the dark we use, most of pixels are close to 0 ADU).
Click on Go button, and look at the console: you’ll
see the number of hot pixels detected. In our case
we have 50 pixels - it is a usual value. Of course,
the number of hot pixels depends on the threshold
value, but getting around 100 hot pixels is considered
as usual.

The master dark not really a dark frame,

but the thermal map of the camera: the
offset has been removed. This is why the ave-
rage level of image is close to zero.

You can use the hot pixels map in the General tab.
Simply give the name of your map file in the field
“Cosmetic file”, and re-run the data reduction. ISIS
will now include this hot pixels list in its calculation.

7.1.6 Instrumental Response curve

We described a simple way to get the Instrumental
Response curve with ISIS. In fact, this is a tricky op-
eration. The response curve can evolve with some
parameters, like sky conditions, target position in the
sky (air mass), reddening, and so on. To be perfect,
you would need a reference star close to our target, of
the same spectral type, with similar magnitude... and
this never happens. Getting a bad response curve will
have an immediate effect: the general profile of your
spectrum is disturbed. It is a too long story for this do-
cument, but keep in mind that getting the proper In-
strumental Response curve requires some experience.

7.2 Improve productivity

7.2.1 Keep the same setup

The best way to improve your productivity is to keep
always the same setup, and always process the same
way. Of course, observers often want to improve their
setup (this is a good behavior), but as soon as you
change parameters in your setup, you have to adapt
(to change...) your process. Sometime, it is prefer-
able to keep the same conditions, for both quality and
productivity.

7.2.2 Dark frames library

Dark frames are long exposure time images (at least
the longest exposure time of your objects). And the
more you can get darks, the better it will be (you will
improve dark frames SNR). Then, this is a very con-
strainful operation - that we should do at the end of
the night, to know the longest exposure time.
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But dark frames are intrinsic data of your equip-
ment. It only depends on the temperature and expo-
sure time. They don’t depend on the observaing con-
ditions. Then... there is no need to do them during
the observing session itself: you can do them once,
for instance during a cloudy night (or even day - just
take care of light leaks).

We suggest that you make your own dark frames li-
brary, with different exposure times and different ca-
mera temperature (you can even put the camera in
the fridge to simuate cold night). Take high number
of images, and create master darks from them once.

7.2.3 Exposure time

We suggest you to always use the same exposure time
for your observations (typically 5 minutes - 300 se-
conds - for faint objects). Of course, the total expo-
sure time will depend on the object magnitude, but
you can adapt the total exposure time by changing
the number of exposure. They are several avantages
to proceed this way:

*You can reuse always the same dark frames,
*Data reduction is very fast (no parameter is changed),

*No risk of error during acquisition (you never change
the time).

There is some limits with this process, for instance
for bright objects or extremely faint objects, but in
general it will make your life easier.

7.2.4 Prepare your observation

Amateur astronomers often wait for the last minute
to decide what to observe. We recommend to prepare
your observation long in advance. If you properly or-
ganize your observing session, you will optimize the
targets order, their position in the sky (the higer is the
best), and so on. You can even define the exposure
time for each object, depending on their brightness.
If you are looking for target and observing pro-
grams, you can look at Shelyak Instruments website?:
we’ve listed many ideas, from easy to ambitious level.

7.2.5 Reduce your data quickly

It is very usual that amateur take time to observe dur-
ing the night, and wait for the day after for data re-
duction. Be careful: if you wait for two long, you’ll
probably never reduce your data. And getting raw
data on your hard disk is like if you did nothing. We
strongly encourage you to reduce your data immedi-
ately after the acquisition. At this time, you have all in
mind, and there is much less risks of mistakes during
data reduction.

7.3 Share your results

Our experience shows that the best way to improve
your data is to compare your results to others. When
you compare your spectra with results of experienced
people - with comparable instrument, of course - you
can have an idea of the room for improvement you
have in front of you. We encourage you, for instance,
to observe Be stars, and look at BeSS database® for
comparable observations. You can even send your
spectra to the database - they will be checked by ad-
ministrators who give feedbacks if this is improvable.

In addition, be sure that spectroscopy is still at a
pionneer stage. All the data you collect are of the
highest interest for the scientific community: don’t
keep them for yourself.

7.4 Get pro-like quality spectra

Very often, amateur astronomers think they are not
able to provide high quality data, comparable to pro-
fessionnal one. Of course, amateurs usually don’t
have professionnal instruments - but the quality of
the data is more a question of methodology than in-
strument. And you will see quickly that you can reach
professionnal quality, with just enough rigourness. You
can even contribute to research in several Pro-Amateur
collaborations. In few words, to get good quality data,
you need to take care of:

* Auto-guiding is activated
*Repeatable configuration and process

*Proper data reduction: SNR, Wavelength calibration,
Instrumental response curve correction.

*File format (see for instance BeSS file format)

*Raw data are seriously archived and backup

Never forget that when you’re observing

the spectra of an object, you’re probably
the only one to do it at this time on earth - this
is an incredibly valuable data... and you must
absolutely archive it very carefully (raw images
as well as processed data).

2. www.shelyak.com -
projects
3. http://basebe.obspm.fr/basebe/Accueil.php?flag lang=en

menu spectroscopy / educationnal &
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Typical observing session

Here is a summary of a typical observing session,
to ensure data quality and productivity. It is a basic
checklist that you can use every time you observe.

Preparation

e Start-up the equipment, and cool down the acquisi-
tion camera (max 80% of cooling power),

*Check your session parameters in AudeLA and ISIS:
observer’s names, observing site, equipment, working
directory...

* Archive & erase all files in your AstroTonight directory,

*Check your computer time, at better than 1 second
(the exposure date & time will be based on it),

*Open a log file,

*Run a test for all images: sky (Sun’s spectrum), neon,
flat, and check that all is Ok (images correct, files
headers with proper data...),

*Prepare your target’s list,

*Acquire dark and offest images and prepare master
images (or copy from master directory).

During observation

For each target oservation, you will have to:
*Point the target (start with reference star),
*Run the acquisition,
*Get calibration images (neon),
*Get flat field images,

«fill in the log file with any significant information that
will help in the future to remember the observing con-
ditions,

* Check that images are properly recorded in AstroTonight

directory,

* (run data reduction during the next observation),

At the end of the night

*Double check that you have all reference images (dark
frames, offset, falt fields, neon, reference star, ob-
jects)

* Archive securely your raw data

FShelyak.
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LISA Pack features

1.1 Technical specifications

You will find in the table 1.1 all the technical features
of the LISA Pack, and main dimensions in the figure
1.1

1.2 Mechanical interfaces

1.2.1 Telescope interface

LISA front plate includes a standard T-mount thread
(M42 x 0.75mm):

Backfocus is 41mm (distance from the top flat face
of the instrument and the slit position):

|

=

A
o o. o OO} E
o Slit < -
o OO}
O—/
oh
o]
o

For your convenience, the LISA is shipped with a
M42/2” adaptor. This is the simplest way to mount it
on a telescope.

1.2.2 Acquisition camera interface

The acquisition CCD camera is mounted on the ca-
mera interface. Depending on your camera, we can
provide different adaptors (most CCD camera have a
T-mount thread). LISA adaptor have two threads :

*Internal thread is M35x1mm. It is used for Shelyak
Instruments adaptors.

eExternal thread is T-mount standard (M42x0.75mm,
54.85mm backfocus). It can be used for standard
adaptors, or to mount directly a DSLR (with T-ring).

The backfocus of the T-mount standard is 54.85mm
from flat face to the focus point. The tuning range
for LISA allow to put the focus plane (CCD plane) at
+/-5mm of this position:

£Shelyak

INSTRUMENTS

75



LISA Pack : User Guide & Reference Manual

Feature

Yalue

Comment

Mechanics

Dimensions

335x 205 x 120 mm

overall - see drawing

Weight (LISA Pack)

25Kg

without cables

Weight (LISA only)

1,6 Kg

without cameras, without cables

Telescope interface

Thread M42 x 0.75 mm

St backfocus

41 mm

see below

Power supply connections

Atik cameras

12V (+in center), 5,5x 2.1 mm

4L+ (acquisition} & Titan (guiding)

Calibration module

| 2V (+in center), 5,5 x 2.5 mm

Neon & tungsten (flat)

Spectrograph
Resolution Power R=10004
Bandwidth 4000 - 7000 A see text for IR option
Aperture FD=35
Slit 23 pmx 4 mm can be changed to 15pum, 19um or 35um
Calibration precision better than 1 A
Collimator focal length 130 mm
Camem lens focal length 88 mm
Dispersion grating 300 g/mm - 30 x 30 mm blazed at 300 nm
Acquisition camera (Atik 314L+)
Interface T-mount or Shelyak adaptor see text
CCD Chip 1392 x 1040 pixels
Pixel size 645 pm
Image size 93 6,7mm
Guiding camera (Atik Titan)
Interface C-mount see text
CCD Chip 639 x 494 pixels
Pixel size 7.4 um
Image size 4.9 %x 3.6 mm

Magnification

Table 1.1: technical features of LISA Pack
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CCD
focus

plane

1.2.3 Guiding camera interface

The guiding port is a C-mount (1” diameter, 32 thread
/ inch, backfocus 17.5mm) used by several guiding
camera and is a standard among video camera.

<
. g 0 -

Guiding|| ¢ o
camera © -

focus o i

plane ©

Shelyak
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Tuning the LISA spectrograph

Most elements of LISA Pack are tunable. You’ll find
here all details to make proper tunning. Some opera-
tions can be complex. Ensure you clearly understand
them before starting any change in the instrument. If
you have any doubt, don’t hesitate to ask us for ad-
vices.

In the below image, we show the LISA spectro-
graph, with the function of each screw.

Guding camera
Focus lock

Calibration screen

Electro-magnet
tuning

Guiding / spectro
partition

You can then rotate the camera:

Grating holder ¢ Slit holder

Collimator holder

Opening door
Focusing & Grating angle

Main mirror holder

2.1 Acquisition camera

~

i

2.1.1 Angular position : o
Define the right position and tighten the three screws.

The spectrum must be as horizontal as possible. If the
camera has rotated, you will see something like this: If you are not using Atik camera, you must first
check that backfocus is correct. Backfocus is the
distance between the spectrograph and the CCD
plane. The right position can be adapted with
adaptor rings. Contact us if you need assistance.

An other element to check is that your spectrum is
properly oriented. The red part of the spectrum is
on the right (lower temperatures), and the blue side

If you are in this situation, you must tune the ca- (high temperatures) is on the left. With the expe-
mera angle. Ensure that camera ring is well tight- rience, you will be able to recognize this spectrum.
ened. Then, untighten the three small screws on the check that the orientation is correct in your case:

T-mount adaptor:

FShelyak.
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I

!

Blue side Red area Near IR
If you are in the second case, it means that your
instrument must be tuned.
Open both doors on LISA sides: just remove the big
screws (one per door), and slide them gently towards
the camera:

In some conditions, you could have the image in
the below configuration. It is the same image, but
reversed, as if we saw it in a mirror:

"l

'l

nl | !
POt

{1

If your image is in this configuration, it can be be-
cause camera is mounted in reversed position (rota-
tion of 180°). It can also be due to the “horizontal
mirror” option is selected in the configuration panel
of the camera. You must reverse it by unselecting this
option (go to Setup / Camera):

76 Comera Setup E=mE=E |

Andor | AndorUs  ASCOM WAudme | Cagire | CB245 | Cemes | Digital Camera | FLL | Hisis M

Camera Selection (4SCOM. Atk Camera ﬂ Setup |

I Top/Bottom Reversal

¥ Left/Right Rieversal

Reference wWeb Site:

http://ascom-standards. org

Ao el v s | ™ Nesttime soltware s tun connet this camera autamaticall
CB0 w7 Son | T Nexttime software is tun cannect this camera aulomaticaly
L e | T Nexttime software is tun cannect this camera aulomaticaly
0K | Apply | Help Close =
Untighten the white plastic screw on the side. This
2.1.2 Focusing the spectrograph screw is to lock the main optics in position:

Focusing the spectrograph is key to get the full reso-
lution of the instrument. You must see sharp lines in
the neon image. Below is a correct image:

To give you some reference, here is the same neon
spectrum, but with a badly focused spectrograph:

You can now move the LISA main optics, with one
finger in each door opening. Take regular images

Shelyak
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CHAPTER 2. TUNING THE LISA SPECTROGRAPH

with the camera and rotate the lense in the direction
that improves the focus (close the openings to prevent
light saturation). Bright lines must become thiner and
thiner, brighter and brighter:

~ ! - -

- -

e =

- - - _—
s - 2
) e |

e

Once you have found the approximate position for
the lense (optimal focus), take some time to fine tune
it. The most efficient way is to measure the Full Width
at Half-Maximum (FWHM) of a line near the center
of the CCD, and make it as small as possible.

You can calculate the theoritical FWHM for

your setup. Optimal width is to have lines
FWHM of about 2.5 pixels (Nyquist criteria).
Let’s take an example : in our configuration, the
slit is 23um. The CCD pixels are 6.45um large.
The slit image will be 23 x 0.68 = 15.6um (the
slit image is multiplied by 0.68 in LISA), which
is 2.4 pixels (15.6 / 6.45). It is close to the opti-
mal value of 2.5.

To get to this resolution, the accuracy required on the
lense rotation is about 1/10th of a turn (1/10mm).
Tighten the plastic screw (main lense locking). Do
not remove the CCD camera from the LISA before you
install it on the telescope. If you remove the camera
from the LISA, check the focus again.

2.2 Guiding image

The guiding image must show a good slit image. The
below image is correct:

If the camera is unfocused, you can see:

And if the camera is rotated, you’ll someyhing like:

74 Aud'ACE (visul) =r=r=]

File Vi is Camera Telescope Setup Help

|

| E— T N - T R
Au
L J]ﬁii 13102 Y =461

1 = 26994,000000 Camera & : ATIK: HS
06/01/2012 131616 UT

Mount : Mot corected|

And if the guiding mirror is untuned, the slit is not
in the middle of the image anymore:

dShel
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There are two elements to tune to correct these is- i - The tuning is very senstive: you must look
sues: “at the guiding image when you move the
mirror. It is better to do it with the optionnal
tuning slit (19um hole + 50/75/100um slits -
ref. SE0105): you can see immediately the slit

*Tuning the guiding camera to focus and rotate the slit
image,

*Aligning the guiding mirror, to put the slit center in center:
the middle of the guiding image.

2.2.1 Focus and rotation

You can tune the slit focus and rotation in one step:
Untighten the guiding camera blocking screw, and
move the guiding camera until the slit is sharp and
horizontal. If this tuning has changed, you can have
something like:

r——

Untighten the two bigger screws (external):

2.2.2 Slit center is not in the middle of
the image

The guiding mirror can be tuned from the telescope
opening. There a 4 screws to do it:

You can move the slit vertically in the image by
changing small screws position:

Shelyak
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CHAPTER 2. TUNING THE LISA SPECTROGRAPH

Rotate the mirror holder around its axis : the slit 2.3 Slit maintenance
position will move horizontally (in the below images,
we used the optional tuning slit): You can easily access to the slit, for several reasons:

*There is some dust on it,

*You want to change the slit width (slit has 4 positions:
15pum, 19um, 23um, 35um),

*You want to replace the slit by the optional comple-
mentary slit (19um hole + 50/75/100um slits - ref.
SE0105).

FShelyak.

INSTRUMENTS 83



LISA Pack : User Guide & Reference Manual

. Each time you remove and replace the slit,

‘you potentially lose the spectrograph fo-
cus. You must at least check after this opera-
tion that the focus is still good, and re-tune it if
needed.

Remove the two screws of the slit holder (no tool re-
quired):

Then, remove carefully the slit from the LISA spec-
trograph:

Do not put your finger on the slit, and don’t use any
abrasive product to clean it up - like for any optical
surface.

You can change the slit width. Remove the two
screws on the slit bracket.

You can them rotate the slit itself in the position
you want:

When you tighten the screws, ensure the slit edge
is exactly parallel to the slit holder:

When the slit is in place, check that you've selected
the right width. Look through a clear light to see the
slit: its width is written on the left. In the below ex-
ample, the slit is 23um (this is the standard configu-
ration):

84 INETRI_IVENTE
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CHAPTER 2. TUNING THE LISA SPECTROGRAPH

. ‘
Put the slit holder back onto the spectrograph, and

tighten gently the two screws. Check immediately the
focus of the LISA, and re-tune it if required.

2.4 Mounting & Removing the Ca-
libration module

Remove the calibration module if you need to replace
a lamp. Remove first the screw in the middle of the
calibration module (no tool required):

Then, remove carefully the module, and unplug the
connector (this connector supplies the electromagnet
inside the LISA):

Access to the neon lamp (calibration) or the tun-
sten lamp (flat fields).

If, for any reason you want to use the LISA spec-
trograph without calibration module, think to put a
screw where the calibration module is atteched:

and mask the calibration window, to prevent any
light leakage:

2.5 Opening / closing your LISA
spectrograph

i . Be careful: this operation is complex. It
must be done only if you exactly know
what you’re doing.

In some specific conditions, you may have to open the
LISA. After such an operation, check the tuning is still
Ok, and probably refine it. The LISA is made of two
major assemblies: the chassis, and the cover.

*The chassis includes all optical elements of the spec-
trograph (slit, main mirror, collimator, grating, ca-
mera lense). This is done to make possible to tune
the instrument when it is opened.

*The covers contains all elements for guiding and cali-
bration.

The chassis and the cover don’t have the same height:
the splitting line is not in the middle of the instru-
ment. The Chassis is the thinest part, and the Cover
the thickest.

FShelyak.
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2.5.1 Opening

Both parts can be separated. To do so, follow strictly
these instructions:
Remove both acquisition and guiding cameras.
Remove 2 screws (M3x10mm) from the the Chassis
side:

Remove 2 screws (M4x10mm) from the CCD ca-
mera plate side (Cover side):

Untighten 9 screws (M3x10mm) all around the spec-
trograph, on the Chassis:

Remove 2 screws (M4x10mm) from the Telescope
plate side (Chassis side):

These screw can be left in place — no need to re-
move them completely:

Shelyak
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CHAPTER 2. TUNING THE LISA SPECTROGRAPH

Remove the two side doors (remove one big screw Take the instrument like on the picture: put one

for each, and slide the doors towards the CCD ca- thumb in each door opening, CCD camera holder to-
mera): wards yourself:

_—
e

Slighltly open the instrument, keeping both sides
parallel. This can be quite difficult the first time: do
it very carefully. If necessary, use a small tool (like a
screwdriver) to start the opening (you can slide it be-
tween two sides). Take care to not damage the paint-
ing:

Remove the plastic screw (main lens lock):

The LISA is now open. Be very careful with the op-
tical elements: they are very fragile. Think to protect
them against dust and finger prints.

2.5.2 Closing

Closing the LISA is exactly the same operation, in the
reverse order. The most complex part is to slide pro-

FShelyak.

INSTRUMENTS

87



LISA Pack : User Guide & Reference Manual

perly the two sides together. Present them with pre-
cision, well parrallelly fitting. Engage the Telescope
plate and the CCD plate first (check they are exactly
at the right position):

Slide both sides together, until the box is closed.
Check all area is properly positionned, all around the
spectrograph.

Put back all screws in this order:

- Two M3x10 screws on the side first:

N
.

- Four M4x10 screws on telescope plate and on the
camera holder,

- Tighten the nine M3x10 screws all around the
LISA,

- Close the two side doors (you can do it after fo-
cusing the spectrograph),

- Plastic screw for lens blocking.

2.6 Tuning the grating angle

1 - Be careful: this operation is complex and

~very precise. Do it only if you absolutely
need it, and if you’re sure to understand the pro-
cedure.

This operation is done while LISA is closed.

The grating angle is key to get the best spectrum
quality in LISA. This is a sensitive tuning, which must
be done by an experienced user only. To make this

tuning, put the LISA on a stable surface (large table,
for instance), and install the CCD acquisition camera.
You must have the full setup operational to take some
spectra, using neon light. Nature is well made: in the
neon spectrum, we have a bright line exactly in the
middle of the image - when the LISA Pack is properly
tuned. Its wavelength is 5400A. This reference line
is given in yellow here:

Defining the best grating angle is necessary to

* get the expected wavelength bandwidth (4000 to 7000
A) within the CCD surface,

e get focused lines in the widest banwdwidth.

The expected horizontal position precision for this line
is + 0.2mm. With the Atik camera (6,45um pixels), it
is equal to + 30 pixels. In other words, the reference
line must be in the pixel range 666 to 726.

The horizontal position of the spectrum is given by
the grating angle. You can move the grating angle
thanks to the grating arm inside the LISA and acces-
sible from the side opening:

To make the tuning, remove the side door below
the slit:
T nlly

LA

A S
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Untighten the two screws on the grating holder (do
not touch to the central screw, it is the rotation axis
of the folder).

i - Do not remove the screws : the grating

would fall down into the instrument.
FrsbeLyan-

v SHELT A EOH

." ;

Use the grating lever (in the door opening) to pre-
cisely change the grating angle, and tighten back the
SCrews.

L anzlyar

e SHELY AN OO

When you change the grating angle, the spectrum
will be moved horizontally (along wavelength axis)

in the image. Make some tests : move the grating
lever by a very small angle, and look at the effect in
the image. Train yourself to put a given spetrum line
at a given position (pixel X in the image).

When you’ve defined the optimal position, tighten
securely the two screws on the grating holder, and put
back the door.

2.7 Focusing and aligning the col-
limator

1 ' Be careful: this operation is complex and

“very precise. Do it only if you absolutely
need it, and if you're sure to understand the pro-
cedure.

This operation should be done while LISA is open.
Special toling is required for this operation. The col-
limator tuning (focus and alignment) is made in our
factory before shipping. This section explains how to
tune it if needed. Be careful: this is a complex op-
eration, which must be done only by an experienced
user.

To work in good conditions, the grating must be
enlighted by a parallel light beam. This parallel beam
is made by the collimator doublet. The doublet must
be perfectly focused on the slit.

To make this operation, use the tuning slit (pro-

vided as an option by Shelyak Instruments - ref. SE0105),

with a 19u hole in the center:

=

1

'm

£

*Focusing the doublet should be done this way:
*Open the LISA (see 2.5).

*Remove the grating holder, and put it in a safe place.

*Use any optical device focused at the infinite. It can
be a telescope finder, or a camera with lense focused
at the infinite.

*Look with this optical device through the collimator
doublet, towards the main mirror.

* Align it properly to see the slit.

*Untighten the doublet screw:

FShelyak.
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*Rotate the doublet until the slit image is perfectly fo-
cused. In this first image, the slit is not focused:

The same image with a good focusing:

1 Be careful : this process is valuable only
~if your optical device have been focused at
infinite first.

Once the optimal position is found, tighten back the
collimator screw.

To make the instrument properly aligned, we then Look at the slit image, close to the slit itself. When
must tune the collimator axis towards the slit center. the alignment is correct, both slit and slit image must

We use an autocollimation process to do it: put all be mixed. In the first image, the collimation is not
your setup in a dark room (very dark). Enlight the slit good.

with an intense lamp (for instance, white LED just in
front of the slit):

Shelyak
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To change the alignment, untighten the collimator
holder, and rotate it gently until slit and images are
aligned:

If you need to give an inclination angle to the holder,
put a small piece of paper between holder and chas-
sis. Once the alignment is optimal, tighten back the
two collimator holder screws. Mount back the grat-
ing holder. Close the LISA (see 2.5). Tune the grating
angle (see 2.6). Your LISA is ready for observation.

2.8 Tuning the calibration screen

The calibration screen is made to enlight the slit with
calibration light sent through the calibration window.
The position of the calibration screen is tunable by
moving the electro-magnet which control it. If the ca-
libration screen is not properly tuned, the calibration
spectra will not be perfectly homogeneous (transver-
sal direction, along vertical axis in below image), and
some light coming from sky can pollute the reference
spectrum:

You can improve this by moving the electromagnet
position. Untighten the two screws (do not remove
them completely - the electromagnet would fall down
in the instrument), and move them horizontally (use
the screwdriver):

Once it is OK, tighten back the two screws. The
flat should be now well homogeneous along a vertical
line:

dShel
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LISA Pack accessories

3.1 Near Infra-Red convserion kit

The LISA can be configured in two modes : visible
and Near Infra-Red (NIR). The standard configura-
tion is visible. You can switch to NIR configuration,
using the NIR conversion kit, provided as an option by
Shelyak Instruments (ref. SE0096). There are three
differences between VIS and IR configurations:

*The grating is different (VIS is blazed at 500 nm, IR
is blazed at 1000nm)

*There is a blocking filter after the slit in the IR config-
uration, to prevent any second order spectrum mixed
with the IR part of the first order

*The CCD camera spacer makes an angle of 4° with the
spectrograph face, to ensure a good focus along spec-
tral range.

3.2 Complementary slit

The LISA Pack slit has 4 possible values: 15 um, 19
wm, 23 um (standard), 35 um. As an option, we also
provide a complementary slit (ref. SE0105), which
includes 4 additionnal configurations: 50 um; 75 um,
100um and a special slit with a hole of 19 um in the
middle of two short slits. This last position is very
useful for the tuning of the instrument:

When using this option, the spectrum looks like:
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