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Objective grating spectrograph - Nothing simpler!
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Non objective grating spectrograph

A 100 or 200 I/mm grating placed inthe &
converging beam between telescope and |
camera sensor produces a low resolution

spectrum typically 30-60A resolution




A STELLAR “PICK AND MIX”
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Buil http://www.astrosurf.com/buil/staranalyser/obs.htm




Measuring the spectra of MILES stars of various spectral types
using a Star Analyser 100

Celestron C11 (280mm f10)

0.63 reducer

Rotating coupling with scale ps

Filter wheel with SA100 and photometric filters |

ATK 161C-S camera (782x8.3um pixels wide)




Measuring the spectra of MILES stars of various specitral types
using a Star Analyser 100 2013-04-23

HD60522
HD74721
HD84937
HD79765
HD81192
HD83632

10x0.5s
10x5s
10x5s
10x5s
10x2s
9x5s




The MILES Library
~1000 bright stars with professionally measured spectra at 2.5A resolution
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The library consist of ~1000 stars spanning a large range in atmozpheric paramsters, The spectra were obtained at the 2.5m INT
telescope and cover the range 3525-7500 A (Sénchez-Blazquez et al. z006) at 2.5 & (FWHM) spectral resolution (Falcon-
Barroso et al. (zo011). The shape of the contintm for the stellar spectra has been carefilly calibrated. A subset of the library,
fhu-calibrated in absolute terms, is available upon request,

Svetian Lrsnances

B MILES cmnany

NEW? The current version of the library (vg.1) present a number of improvements over the previous version (vg.0). We have
corrected small errors in the radial velocities of the some stars and re-assessed the spectral resolution of the library. The newly
. estimated resolution in 2.5 A See the Falcon-Barroso et al. (2011) for details,

The complete library, in ASCII format, is available as a single tar file here,
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http://www.iac.es/proyecto/miles/pages/stellar-libraries/miles-library.php
http://www.spectro-aras.com/forum/viewtopic.php?f=6&t=207
http://www.spectro-aras.com/forum/viewtopic.php?f=6&t=207&start=30#p2162




HD60522 MOiii

Typical
spectrum images

HD74721 AOv




(using ISIS)

http://www.astrosurf.com/buil/isis/isis_en.htm Compute the master offset

1. Image ‘ 2. General | 3. Calibration |

4 Go | 5. Profile

Compute an offset image

Generic name : .clark_%_
™
;:Iark_Ss_cnmbined i

Image number :

Result

Compute a cosmetic file

| &. Gnuplot

I Masters ‘

Dark image :

Threshold : R00

Cosmetic file -

Compute a dark image

Generic name :

Offset image :

Darc coef. : 1

Image number : D

Resutt :

‘miles_star_test_sal00_16ic_s_20130425%sis reduction
“Whd 74721 dark_bs_10 it

Chargement de l'mage ¢ 'usersuseridesktop
‘spectroscopy workshopsa 100_sample
‘miles_star_test_sa100_16ic_s_20130425sis reduction
“hd 74721 dark_Bs_11fit

Trattement...

Sauvegarde de I'mage o users‘userdeskiop
‘spectroscopy workshopsa 100_sample
“miles_star_test_sal100_16ic_s_20130425sis reduction
“Whd 74721 dark_5s_combined fit

O

Compute a flatfield image

Generic name :

Diank image :

(Offset image :
[7] Vertical gain comection

Coordinate Ymax of validity zone :

Coordinate *Ymin of validity zone :

L]

Image number : 50

0

N
u

Result :

Tools |

Misc | Instruments | Settings |

Compute an uniform image (synthetic flat field)

Mame :

Constant :

Compute a mean image

Generic name :

Image number: 1

[J

Result -

Compute a PRNU map

Generic name :

Dark image :
(ffzet image :
Image number :

Result :

(no separate thermal or flat correction used in this example) °




Dark correct the star 10 exposures

B N o i et o o o
Settings

‘ 4. Go ‘ 5. Profile | &. Gnuplot | Masters Misc | Instruments |

1. Image | 2. General | 3. Calibration

Images processing 1 I| I Images processing 2 ‘ Image processing 3 | Spectra processing 1 | Spectra processing 2

Spectra processing 3 | Command line |

Add a constant

Preprocessing Register

Input generic name Input generic name ;:  hd74721_preproc_ Input image :

(ffset image name : w1 '215 Y1 128 @ One star Output image :

2] v [l ] OTmesn  comid

Flat field image name : *3: !.1.. AEE 1 |
Remove sky background

Darc image name :

Search zone size : 20 B
Input image : hd74721_preproc_aligned_sum

Cosmetic file name :

Output generic name :  hd74721_preproc_ Output generic name :  hd74721_preproc_aligned _ R —

Image number : 10 D Image number : 10 [:] Order: 3 | Thershold : 7000

Addition of a sequence

hd 74721 _preproc_aligned _ Image number : 10 ] D

[] Rejection  Threshald : E-DD

“miles_star_test_sal100_16ic_s_20130425\isis reduction*hd 74721 @Emask fit

Pairting number = 4747

Processed image : ¢ 'wsers'wuserdesltopepectroscopy worcshoptsa 100_example
“miles_star_test_sa100_16ic_s_20130425\isis reduction®hd 74721%hd74721_preproc_aligned_sum_bgsub fit

Ole.

Input generic name :

Sum image : hd74721_preproc_aligned_sur




Align the 10 star exposures

B N o i et o e o o
| |
Settings

| 3. Calibration ‘ 4. Go ‘ 5. Profile | &. Gnuplot | Masters || Tools | Misc | Instruments |
Command line |

1. Image | 2. General

Images processing 1 || Images processing 2 ‘ Image processing 3 | Spectra processing 1 | Spectra processing 2 | Spectra processing 3 |

Preprocessing Register Add a constant

Input generic name Input generic name ;:  hd74721_preproc_ Input image :

(ffset image name : w1 '215 Y1 128 @ One star Output image :

2] v i ] Ommesn | com:n

Flat field image name : *3: !.1.. AEE 1 |
Remove sky background

Darc image name :

Search zone size : 20 B
Input image : hd74721_preproc_aligned_sum

Cosmetic file name :

Output generic name :  hd74721_preproc_ Output generic name :  hd74721_preproc_aligned _ R —

Image number : 10 D Image number : 10 [:] Order: 3 | Thershold : 7000

Addition of a sequence

hd 74721 _preproc_aligned _ Image number : 10 ] D

[] Rejection  Threshald : E-DD

“miles_star_test_sal100_16ic_s_20130425\isis reduction*hd 74721 @Emask fit

Pairting number = 4747

Processed image : ¢ 'wsers'wuserdesltopepectroscopy worcshoptsa 100_example
“miles_star_test_sa100_16ic_s_20130425\isis reduction®hd 74721%hd74721_preproc_aligned_sum_bgsub fit

Ole.

Input generic name :

Sum image : hd74721_preproc_aligned_sur




Sum the 10 aligned star exposures

B A e e o G e, ==
| |
Settings

| 3. Calibration 5. Profile | &. Gnuplot | Masters || Tools | Misc | Instruments |

1. Image | 2. General

Images processing 1 || Images processing 2 ‘ Image processing 3 | Spectra processing 1 | Spectra processing 2 | Spectra processing 3 |

Preprocessing

Input generic name :

(ffset image name :

Darc image name :

Flat field image name :

Cosmetic file name :

hd74721_preproc_

QOutput generic name :

Image number : -'II.‘.' D

‘ 4.Go ‘

Register

Input generic name ;:  hd74721_preproc_

X1: 216 Yi: 136 @ One star

x2: 1 ¥2: 1 () Three stars

=

x3: I va: [1

Search zone size : 20

Output generic name :  hd74721_preproc_aligned _

Image number : 10 [:]

Addition of a sequence

Input generic name :  hd 74721 _preproc_aligned _

Sum image : hd74721_preproc_aligned_sur

Image number : 10 l E]

Threshold : [500 |

[7] Rejection

“miles_star_test_sal100_16ic_s_20130425\isis reduction*hd 74721 @Emask fit

Pairting number = 4747

Processed image : ¢ 'wsers'wuserdesltopepectroscopy worcshoptsa 100_example
“miles_star_test_sa100_16ic_s_20130425\isis reduction®hd 74721%hd74721_preproc_aligned_sum_bgsub fit

Ole.

Command line |

Add a constant

Input image :

Output image :

Constant : 0

Remove sky background

Input image : hd74721, J:ureproc_.a_lianéa_.sum

Output image :

Thershold : 7000

Order: 3




Sky Background Removal

1. Image 2. General | 1 3. Calibration | 4 Go 5. Prafile | E. Gnuplot I
Image to process ; |DN_Tau_a|igned_sum | Drizplay 1 3 . [ Predefined values

Dizplay sky zone

Tilt angle : IEI Slant angle : IEI Spectum vertical coordinate : -
* coordinate of line at wavelength D A= - [ pixelz ] [] Emission line

- Binning heigth

Cloze

Statiztic

Tilk

Slant

Line PSF

®:8
Y326
| ;204

Dizplayed image : c:\documents and settingshuserdeskiophastronomy currentirecent obs 2012-12-10T12:10:57 aignsobzervationzht_taun_campaign_20121210_dn_tau’ Clomain

Sevilhaut: 3050 E0000
2027 200

Seull baz :

-
v




Remove the sky background (using a 2D 3 order fit to the sky)

B A e e o G e, ==
Settings

| &. Gnuplot | Masters || Tools | Misc

1. Image |

2. General

| 1. Calibration ‘

Images processing 1 || Images processing 2 ‘ Image processing 3 | Spectra processing 1 | Spectra processing 2 | Spectra processing 3 |

Preprocessing

Input generic name :

(ffset image name :

Darc image name :

Flat field image name :

Cosmetic file name :

QOutput generic name :

Image number : -'l 1]

Addition of a sequence

hd74721_preproc_

0

4. Go

‘ 5. Profils

Register

Input generic name ;:  hd74721_preproc_

X1: 216 Yi: 136 @ One star

*2: 1 ¥2: 1 () Three stars

=

x3: I va: [1

Search zone size : 20

Output generic name :  hd74721_preproc_aligned _

Image number : 10 [:]

| Instruments |

Command line |

Add a constant

Input image :

Output image :

Constant : 0

Remove sky background

Input image : hd74721, J:ureproc_.a_lianéa_.sum

Output image :

J000

Order: 3 Thershold :

Image number :

0 | ]

Threshold : [500 |

Input generic name :  hd 74721 _preproc_aligned _

Sum image : hd74721_preproc_aligned_sur [7] Rejection

“miles_star_test_sal100_16ic_s_20130425\isis reduction*hd 74721 @Emask fit

Pairting number = 4747

Processed image : ¢ 'wsers'wuserdesltopepectroscopy worcshoptsa 100_example
“miles_star_test_sa100_16ic_s_20130425\isis reduction®hd 74721%hd74721_preproc_aligned_sum_bgsub fit

Ole.




B8 515 - v55.1

1. Image

I 2. General | 2. Calibration

Configure ISIS to reduce the spectrum

| 4 Go 5. Profile

Root name - _aligned_sum_bgsub | . Object : hd74721

Images to process

Generic name - il_pmpmc_dig:ed_ﬂn_hgsl.b_ Number - 1 E]

Calibration - |

[] Spectral calibration

Cffset ]

Flat :

General parameters

Pixel size (microns) : 166

Cosmetic file 0

[— % [

==

Foced Y value for sequence

Sley not removed

Instr. responsivity
Wavelength shift (&) 0

[] Heliocentric radial velocity comection
[ Auto atmosphers

ACD: [013

Atmo. transmission

[] Wavelength registration

=
L]

[7] Cosmic rays fiter
[7] Cptimal binning

Rejection coef. : QI- :

[:] |:| Automatic air mass computing

‘ &. Gnuplot | Masters

In this c_ase_just to proda:e an_uncalit_)ratedmépectr_urh ' 5

ESRECEX

Settings ‘

Tools Misc Instruments ‘

Spectral calibration

@ Predefinedmode | ALPY 600 { calibration module ) v |

i) Predefined dispersion equation { see "Dispersion” tool in "Profile” tab )

) File mode : Denel:u_SllI_iNe_lsls_fll {type woclst )

Output

instrument :  C11_f5_ALPYGOO_ATK314

Observatory :  THO  robin@threehillsobservatory.co.uk

Cbeerver : Leadbester -

Howr shift 0

Files name prefoc and suffic

Object suffoc :
Calibration suffix :

Calibration prefic -




Make geometric correction(1deg tilt) and set binning zone height

. y
B 1515 - w551 - - |

— - — — - e — e L - e — —

1. Image 2. General | 1. Calibration | 5. Profile &. Gnuplot Masters Tools Misc | Instrumerts

= | = X4
Settings
Image to process :  hd74721_preproc_aligned_sum_bgsub_1 E] E]

Header

Titt angle : 1 Slant angle : 0 Vertical coordinate : - oy
icule

X coordinate of line at wavelength : [ Emission line
FHM

Definition of area zone for sky evaluation and spectrum binning Statistic

[ Predefined valuss _

a5 pixels Display sky zone

15 pixels

Spectrum position - Binning heigth © 12

15 pixels

B ot

Displayed image : c:'users‘userdesktopspectroscopy workshoptsa 100_example’miles_ 2013-04-25T21:24:07 ;_20130425isis reduction*hd 74721"hd 74721 _preproc_
Seuil haut : U .42|}[:-

Seui bas : U 0

(The background binning zones are not uses as the _skﬁas“éﬁeady been subtra%téd)




The binned spectrum ( X = pixels, Y = total counts )

(EEZEENT @S0 P TR W s
| ;

1. Image ‘ 2. General | 3. Calibration | 4. Go || £. Profile | &. Gnuplot | Masters ‘ Tools | Misc | Instruments | Settings

Profile name :  @hd74721 ® FTS @ DAT Ea

Database
Digpersion
Fesponse
Compare

Continuum

=

=

g

=
4

z

H

=

Arithmetic

I

EE

o wusers user'desktop spectroscopy workshop'sa100_example'miles_star_test_sa100_16ic_s_20130425sis reduction®hd 7472 1@hd 74721 dat

Wavelength : 212000000 Intensity : :%.??21 ED4 1 Automatic threshold High level ;. 100000( Lowlevel : D




(using Visual Spec)

http://www.astrosurf.com/vdesnoux/

—_ _ i - : e W

File Edit Format Operations Spectrometry Radiometry Tools Assistant Window Options 7
= | & = H o=z I 31, (Aspixel)

I/intensity j@“llblue j|@mum|fﬁ:ﬁQQ€|}év\nin3§§|£|d-‘—6ﬁ|}{f#‘=ﬂ|‘l’
£ @hda1937.dat = = || == | 5 @hdb0522.dat

] @hd74721.dat

:
:

A

@hd79765.dat

/O

| @hd81192.dat £ @hds3632.dat

VE>» DN | @ <5 EHE"»/%EEIE"I@ ol

VE > /DR | <5 @HE‘?»/%E}}E"I@ <>

e » 7 kOR" | ® < B> romnz o

.

rC:\Users\User\Desktop\spectmscopy

The raw binned data from ISIS for the 6 MILES stars measured




HD74721 X - pixels Y - total counts
Note some clear absorption lines
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HD74721 is a hot main sequence star with an AOv type spectrum
showing strong Hydrogen Balmer absorption lines. We can use the
zero order and the H beta line to calibrate the X axis in wavelength

| @hd74721.dat

zero order
0A

B E > 27EO&EN D 1 IE




With the Star Analyser a simple linear dispersion gives a good
approximate calibration. Here the dispersion is 29.5 Angstrom/pixel

] @hd74721_29p502apixspc

Dispersion 29.502 Alpixel (2xbinned)

A
¥
G}
55
E3
B+
N
A

4000 4500 5000 3500 6000 6500 7000 73




The Hydrogen Balmer line wavelengths overlaid (in red)

] @hd74721_29p502apixspc

Dispersion 29502 Alpixel (2xbinned)

A
¥
G}
55
E3
B+
N
A

000 5300 6000 630 75




Comparison with spectrum in MILES database

Different resolution (2.5A v 60A) and continuum shape (instrument response)

] @hd74721_29p502apixspc

P Er»r 0RN 1

4200 4600 2000 2400 2600 6200 G600 7000




Rectify spectrum by dividing by a smooth fit to continuum




Rectified spectrum
(Continuum normalised to 1 at all wavelengths)

I 'ﬂ'l.-M

| Wv\/qd - VY‘FL- R W\/\jﬂv u

0.8

4600 5000 5400 5800 6200 6600

Shows relative strength of absorption lines correctly but not correct for emission lines




A pseudo colour “classical’spectrum image
can be generated from the rectified spectrum




Measure the instrument response

] @hd74721_29p502apixspc

A
¥
G}
55
E3
B+
N
A

4200 4600 2000 2400 2600 6200 G600 7000

Filter the reference spectrum to match the resolution of the measured spectrum
27




Divide the measured spectrum (blue) by the reference spectrum (pink)

] @hd74721_29p502apixspc

(S
A
¥
g}
£
E3
il
A
A
=

4200 4600 2000 2400 2600 6200 G600 7000

The result (red) is the raw instrument response




Remove residual line artifacts and smooth the result

] @hd74721_29p502apixspc

A
¥
G}
55
E3
B+
N
A

4200 4600 2000 2400 2600 6200 G600 7000

Take care not to over smooth, particularly at the blue end where sensitivity is low

29




The resulting instrument (+ atmospheric extinction) curve

] @hd74721_29p502apixspc

A
¥
G}
55
E3
B+
N
A

4200 4600 2000 2400 2600 6200 6600 7000

(normalised)




As a check, apply it to the uncorrected spectrum

= @hd74721_29p502apix_response.spc

[
f

(S
A
¥
g}
£
E3
il
A
A
=

raw spectrum (pink) / instrument response (blue) = flux calibrated spectrum (green)
31




..and compare the result against the filtered reference spectrum (orange)

= @hd74721_29p502apix_response.spc

A
¥
G}
55
E3
B+
N
A

4200 4600 2000 2400 2600 6200 6600 7000

(scaled in relative flux = 1 at 5200A)




HD 84937 HD 83632
SA100 green raw red correcte SA100 green raw red correcte
ue

Miles bl Miles blue

T i T

HD 97765 i HD 60522

SA100 green raw red correcte SA100 greenraw red correcte
Miles  blue Miles  blue

T
HD 51192
SA100 green raw red correcte

A spectrum of any object can be
calibrated using the dispersion and
instrument response measured
using a reference star




High Cadence Differential Spectroscopy

A fast transient in the spectrum of T Tauri star DN Tau 2012-12-09

DN Tau (mag 12)

GSC 01829-00018

Monitoring request by Darryl Sergison University of Exeter




High Cadence Differential Spectroscopy

CM Tau 2012-12-09  {absolute flux arbitrary units)
blue 1D 245671.3529 - 1.3624 pink 1.3637 - 1. 3759 green 1.3779 -1.3392
instrument and atmospheric corrected using HDZ9846 (AZw)

Spectra every 15 min,
each a mean of 30x 20 sec

T
FSC 01829-00018 (absolute flux arbitrary units)
blue 1D 24571.3529 - 1.3624 pink 1.3637 - 1.3759 green 1.3779 - 1.3892
instrument and atmospheric correction using HOZ9646 (AZw)

—1000

Target spectra

Comparison star spectra




GSC 1829-00018

OMTau_2

Individual
20 sec exposures

Relative in

4500 000 BE00 7000 7300




DH Tau Integrated flux (4000 - 7500 Angstrom) relative to comparision star GSC01829-00018
2
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