AGA5802
Data reduction of spectra taken at
OPD with the Cassegrain
spectrograph (600 lines/mm

grating) + 1.6m telescope
(example for data taken on 4 March 2014)



Open an xgterm in your iraf
diretory & initialize typing c/

8 OO

bash-3.2% puwd
fUsers/ jorgediraf
bash-3.2% clf}

Go to your data directory and write /s

bias_001,fits
ecl> |}

bias_006,fits

bias_007,fits
bias_008,fits
bias_009,fits
bias_010,fits
flat_001,fits

ecl> pwd

fUsers/ jorgediraf

ecl> pwd

fUsers/ jorge/Dropbox/agal414/trabalho/14mar04
ecl> ls

HDO3E073,fits bias_002,.fits

HDO3EE73,fits bias_003,fits

HDO45289,fits bias_004,fits

MPO130,fits bias_005,fits

ecl> cd /lUsers/ jorge/Dropbox/aga0d4ld/trabalho/14mar04/

flat_002,fits
flat_003,fits
flat_004,fits
flat_005,fits
flat_00B,fits

flat_007,fits
flat_008,fits
flat_009,fits
flat_010,fits
he-ar_001,fits

HD*.fits e MP0190.fits : stars

bias_*.fits : bias

flat_*.fits : flats

he-ar_001.fits : He-Ar (for wavelength calibration)




"6 00 \ SAOImage ds9

ec|> Idsg& File Edit View Frame Bin Zoom Scale Color Region WCS Analysis Help
° File

Object Y

Value 1

WCS = X

Physical X Y

Image X o

Frame 1 X 1.000 0.000 2

file l edit | view frame \ bin | zoom | scale [ color l region | wcs | help

open save save image header page setup print exit

ecl> 1ds9&
ecl> |}

10 20 30 40 50 60 70 80 90




ecl>ls

e OO0
ecl> pwd

\ xgterm

fUsers/ jorge/Dropbox/agal4ld/trabalho/14mar04d

ecl> ls
HDO36079,fits
HDO3EE6Y3,fits
HDO45289,fits
MP0O1390,fits
bias_001,fits
ecl> |}

bias_002,fits
bias_003,fits
bias_004,fits
bias_005,fits
bias_006,fits

bias_007,.fits
bias_008,fits
bias_009,fits
bias_010,fits
flat_001,fits

display bias 001 1 fill+

T \ Display whole image

Frame # in ds9

flat_002,fits
flat_003,fits
flat_004,fits
flat_005,fits
flat_00B,fits

flat_007,.fits
flat_008,.fits
flat_009,fits
flat_010,fits
he-ar_001,fits



| ® 00 %\ SAOImage ds9

File Edit View Frame Zoom Color Region WCS Analysis Help

File bias_001 J ["

Object bias J

Value J

wcs } |

Physical X R |

Image X |y |

Frame 1 X 1.000 | 0.000 |°

file edit | view ‘ frame ‘ bin \ zoom l scale l color l region ’ wc!
open ‘ save ‘ save image \ header l page setup print

oo

23 4 66 87 109 131 152 174




8 OO0

ecl> display bias_001 1 fill+

z1=943, z2=974,
ecl”> imexamine

NORDAZIRAF V2,16

Jorg

eld

970~

. 9s0f

950 I~

NORODZ/IRAF V2,16 jorge@Jorges-MacBook-RAir,local Mon 21:04:31 19-May-2014
e C a0

970

960

950

940

olumns 291
bias

hias 001:

] l ] | ] ] I 1 T | I I | ] ] | I | I T | I | ]

1 I 1 1 1 1 I 1 1 1 1 I L L 1 L l L 1 1 1 I 1 1

0 500 1000 1500 2000
Line (pixels)




\ SAOImage ds9

File Edit View Frame Zoom Color Region WCS Analysis Help
File bias_001 J — E—
A n Ot h e r Object bias |
. Value |
tl WCS | |
O p O n ( m y Physical X | Y |
. . Image X | Y L
fa VO r I te ) I S to Frame 1 X 1.000 | 0.000 |° —————N
file | edit view frame | bin ‘ zoom ’ scale ‘ color ’ region

load the image = e zemoe |t |_juen ¢

X/ Open

directly from  jeoc

Filter:

/Users/jorge/Dropbox/aga0414/trabalho/1

ds9 and use

11 ° ° )y : = ib@as_OOl.f@ts .eJ'
projection =
bias_004 fits
. . | bias_005fits =
(this is because C—E ol

Selection:

projection may not | rEmEEETEEETOEEm
work adequately if *—

you load the image
using display)

QoK ‘ Eilter \ _C_ancel|




8 00 \ SAOImage ds9

File Edit View Frame (/1 Zoom Scale Color Region WCS Analysis Help

File bias_001 fits

Object bias

Value

WCS

Physical X Y

Image X i

Frame 1 X 1.000 0.000 &

file l edit | view | frame | bin | zoom | scale | color | region | wcs |
open save save image header

page setup print

943 946 950 953 956 959 962 966 969



800 I\| SAOImage ds9

File Edit View Frame ¢ Zoom Scale Color Region WCS Analysis Help

File bias_001 fits
——— Center Image

Object bias
Value Align
WCS

Physical X Zoom In

Fame: X % Zoom to Fit Frame

file l edit l vie' zoom scale color region

open save ;:2: ;Zz header page setup print

Zoom 1/8
Zoom 1/4
Zoom 1/2
Zoom 1
Zoom 2
Zoom 4
Zoom 8
Zoom 16
Zoom 32

+ None
Invert X
Invert Y
Invert XY

+ 0 Degrees
90 Degrees
180 Degrees
270 Degrees

Crop Parameters...

Pan Zoom Rotate Parameters...

943 946 950 953 956 959 962 966



A\ SAOImage ds9

File Edit View Frame -1 Zoom Scale Color Region| WCS Analysis Help
File bias_oolfits " - RS e e e =
Object bias Get Information... ‘ ‘
Value Shape [ L e I S
WCS Composite Region . Circle
Physical X Y Instrument FOV . Elipse
Image Y’ Template ~ Box
Frame 1 X 0.220 0.000 |° Polygon
- - - - Color -
file | edit | view frame | bin | 0 \vidth . Line
reference user keyboard relea Properties - Vector
_ Font -+ Projection
Centroid Text
Move to Front Point
Move to Back
Ruler
Select All Control-A  Compass
4 Select None
Invert Selection Annulus
Elliptical Annulus
Delete Selected Regions Box Annulus
Delete All Regions
Panda
New Group Elliptical Panda
Groups... Box Panda
List Regions...
Load Regions...
Save Regions...
Region Parameters -
943 946 950 953 956 959 962 966 969

Region
Shape
<—Projection

10



e OO0 \ SAOImage ds9

File Edit View Frame | Zoom Scale Color Region WCS Analysis Help

File bias_001 fits |

Object bias |

Value 971.593

WCS

Physical X Y

Image X Y

Frame 1 X 0.220 0.000 =

file ‘ edit | view | frame ‘ bin ‘ zoom l scale | color ‘ region ‘ wCs |
reference ‘ user ‘ keyboard \ release l help desk l acknowledgment I a

Projection

970 -
9 960- |
|~
3 |
QO J ' |

l
950 -
! | ! |
226.740 426.679

962 966 969



ecI> imstat bias™

IMAGE NPIX MEAN STDDEY MIN MAX
bias_001,.fits 1230848 957.3 4,613 934, 982,
bias_002,fits 1230848 957.3 4,628 933, 932,
bias_003,.fits 1230848 957.2 4,628 934, 930,
bias_004,fits 1230848 957.,2 4,627 932, 930,
bias_005,fits 1230848 957.3 4,608 934, 930,
bias_006,fits 1230848 957.2 4,626 935, 981,
bias_007,.fits 1230848 957.4 4,613 935, 931,
bias_008,fits 1230848 95732 4,632 932, 932,
bias_009,fits 1230848 957.3 4,625 935, 979,

_ bias_010,fits 1230848 957.3 4,612 932, 981,

ecl> imcombine bias* bias.fits comb=median

combine = median, scale = none, zero = none, weight = none
blank = 0,
Images
bias_001,fits
bias_002,fits
bias_003,fits
bias_004,fits , ; ; >
bias_005,fits Outeut image = bias,fits, ncombine = 10
bias_00B,fits --
bias_007,fits
bias_008,fits
bias_009,fits
bias_010,fits

ecl> |mstat bias.fits

IMAGE NPIX MEAN STDDEY MIN MAX
bias,fits 1230548 357.3 1,746 946.5 965,5

12



e OO0 '\ SAOImage ds9
File Edit View Frame (11 Zoom Scale| Color Region WCS Analysis Help

File flat_001 fits

_ |
3 = Linear
Object flat e (_BeetteLub !

Value

WCS
Squared

h k Physical X
C e C Image X ASINH

Square Root IOg Sca Ie

Frame 1 X 0.220 SINH

t h e ﬂ a t file edit view Histogram Equalization zoom | scale I color region

open save Log Exponent... header page setup print

Min Max
99.5%
99%
98%
97%
96%
95%
92.5%
90%
ZScale
ZMax
User

Min Max -
ZScale...

v Use DATASEC

Scale Parameters...

1561 1621 1741 1979 2459 3409 5300 9117



® 00 \ SAOlmage ds9
File Edit View Frame | Zoom Scale Color Region WCS Analysis Help
File flat_001 fits |
Object flat |
Value |
wcs | O S
e . y e 00 '\ Projection
Image X Y File Edit Graph Font Dataset View Color Line
Frame 1 X 0.220 0.000 =
file l edit | view frame I bin ] zoom | scale Pro;ectlon
open 1 save save image header
20000 —
3
=
= -
o
Q
10000
e - | ' T
324971 321.619
1032.292 32.298
physical

o

L 14

1561 1621 1741 1979 2459 3409 5300 9117 16667




Combine flats in flat.fits

ecl> imstat flat*

# IMAGE MPIX MEAN STDDEY MIN MAX
flat_001,.fits 1230848 12000, 7659, 1531, 31731,
flat_002,fits 1230848 119983, 7658, 1526, 31716,
flat_003,fits 1230848 11953, 7628, 1533, 31642,
flat_004,fits 1230848 12009, 7662, 1525, 31772,
flat_005,fits 1230848 12043, 7682, 1523, 316817,
flat_006,fits 1230848 12061, 7691, 1529, 31828,
flat_007,.fits 1230848 12054, 7687, 1512, 31944,
flat_008,fits 1230848 12095, 7711, 1540, 31903,
flat_009,fits 1230848 12138, 7739, 1542, 31927,
flat_010,fits 1230848 12107, 7718, 1526, 31933,

ecl> imcombine flat* flat,.fits combine=median

May 20 10:23: IMCOMBINE

combine = median, scale = none, zero = none, weight = none blank = 0,
Images

flat_001,fits

flat_002,fits

flat_003,fits

flat_004,.fits

flat_005,fits Output image = flat,.fits, ncombine = 10

flat_006,fits --

flat_007,fits

flat_008,fits

flat_009,fits

flat_010,.fits



flat-bias and normalize flat
ecl> imarith flat - bias flatb.fits

ecl> imstat flatb,.fits fields=midpt , mean
# MIDPT MEAN
10045, 11088,

ec}} imarith flath / 10045 flatn,fits

ecl> imstat flatn fields=midpt,mean,stddev,min,max
# MIDPT MEAN STDDEY MIN MAX
1, 1,104 0,/648  0,05823 3,073

16



HeAr - bias

iecl> imarith he-ar_001,fits - bias hear.fits

Projection
20000 -
I
c
=
S
10000
o= Al ot ), Y | I S— :
246.360 246.360
1034.563 34.563




Verify observed stars
hselect HD*,MP* SI,RA,DEC,exptime,title

ecl> hselect HD*,MP* $I,RA,DEC,exptime,title
boolean expression governing selection: yes

HDO36073,fits 05328314 -20345334 8,00000 HDO36073
HDO3BE73,fits 00332343 -17343:20 8,00000 HDO3B673
HD045283,fits 06324324 -42350:51 200,00000 HD045289
MPO130,fits 04353324 +02334:28 1000, 00000 HDO36673

ecl> hedit MP0190.fits title "MP0190" verify- update+

MPO190,fits,i_title: HDO3667Y3 -> MPO130
MP0190,fits updated

18



Subtract the bias from the HD stars

HDO3B073, fits
HDO3B673,.Fits
HD045289,fits

imarith HD*.fits - bias.fits HD*%.fits%b.fits%

HD0Z6079b, Fits
HD0ZE673b, Fits
HD045285b, Fits

Flat fielding
imarith HD*b.fits / flatn.fits HD*%b.fits%f.fits%

HDO3E07If , fits
HDO3EE73f . fits
HD045283f . fits

19



Projection

Spatial j
direction (slit)

I 2000

Dispersion " 1000-
(spectral
direction)
0= ' | ' 1 ' |
3000 276.885 296.885 316.885
1794915 1794915 1794915

| ‘““‘MW
- WMMM

| [
290.734 290.734
1042.288 42.288




Extracting the spectrum
(simply adding counts inside star’s

\ profile)

Projection

2000 —

Counts

1000+

sky star sky

Background sky T

I : | : |
276.885 296.885 316.885
1794915 1794915 1794915




Extract spectrum using apall, which is
part of noao.twodspec.apextract

noao> two
apextract. longslit.

twodspec> ap
apextract> dispax=2

ap> apall HD*f.fits format=oned extras-
b _sampl="-50:-30,30:50" ylevel=0.05 backgro=median clean+

sat=100000 readnoise=18.0 gain=4.0 t_order=6

Find apertures for HDO3B079F? (yes):

Number of apertures to be found automatically: 1
Resize apertures for HDO3B079f? (yes):

Edit apertures for HDOZBO7IF? (yes):



80000 I~ H =

60000 I~ -

To Quit this part  _
and trace aperture
type q

20000 Trace apertures for HDO3GO79F7? {yes):
|
Fit traced positions for HDO36079f interactively? {yes):

40000

Fit curve to aperture 1 of HDO3ZGE079F Enteractivelg {yes)?

23



Fitting the position of maximum flux in the spectrum

NORDA/IRAF V2,16 jorgel@Jorges-MacBook-Air,local Tue 21:29:42 20-May-

-2014d .
func=legendre. order=6, low_rej=3. hl-'h _rej=3, niterate=0, g'l“l‘:ll( UraCIng)

total=205, sample=205, rejected=0, deleted=0, RMS=0,04084
- |

Aperture 1 of HDO36079f
| T | m
286.5 4 + -
st )
*ﬁgﬁgfmgﬁﬁr Rk
et +
286 éfﬁp

285,01 M =

285

-0 )

N

284.5

.col 2 to change the color
of the fit g

284

28355 I I ]
0 500 1000 1500 2000

Line
24




Fitting the position of maximum flux in the spectrum

NORODZ/IRAF V2,16 jorgel@Jorges-MacBook-Air,local Tue 21:29:42 20-May-2014 .
func=legendre. order=6, low_rej=3. high_rej=3. niterate=0, g'rr:n( UraCIng)
total=20%, zample=205., rejected=0. deleted=0, RMS5=0,04084
Aperture 1 of HDO3GO79Ff

[0
..

I T | o
286.5 t —
+ -+ 1.4
M‘*ﬁﬁw e
! +
S am’lﬁ N

285,01 M =

-0 )

G 0 quit and review the
u 285 1
" # extracted spectrum type|q
284,51 )
lrite apertures for HDO36079f to daﬁabase {yes):
s Extract aperture spectra for HDO3Q2?9F? {yes):

[Review extracted spectra from HDO36q79F? {yes):
F@## Review extracted spectrum for aperture 1 from HDO3GO79fF7? {(yes):

0 500 1000 1500 2000
Line

25




Example of reduced spectrum of HD036079
Counts as a function of pixel number

NORD/IRAF V2,16 jorgelJorges-MacBook-Air,local Tue 21:42:38 20-May-2014
HDO36079F: HDO36079 - Aperture 1
1,205 | | | I
r.oes- TO Quit and continue with "
the next extraction type q
80000 ==
60000 ™ ~
©
S
il 332 1
40000 nDO
Q<
—_ >
Hp L
< w
20000~ NaD . : HK
0 500 LCII_) 1000 1500 2000
[Dutput image name [use # to skip outputl (HDO3GO79f): 26

IFind apertures for HDO36G673F? {(yes):




Example of reduced spectrum of HD036673

I | | -VI
2 d
3, 00E5 1 1 1 l ~
P =
410 nm Balmer series
2,00ES |—
109" Paschen series
n=4 X =
n=>5 n==6
To quit and continue with the next 3]
1,00ES™ -
extraction| type q o =)
< HK
Hy 434 <
l ']IB 486 Y T T |
0 500 1000 1500 2000

[Dutput imaze name [use # to skip output] (HDO3EGE73F):
Find apertures for HDO45289f7 <{yes): 27




Example of reduced spectrum of HD045289

22500

20000

17500

15000

12500

10000

7500

5000

To quit type q

500

1000

1500

2000

28



Visualize the spectra using splot

Use splot (noao.onedspec) To visualize next
spectrum type q
OﬂEdSpEC> Sp|0t HD*f 0001 ﬁtS e D 356a73F 0001 FLte)t HDO36673 8. antt boamd oo

NOA & g tacB ‘r £ Tue 5 20-May-2
‘j,-, )7 9f ‘,,l fitsl ,5,':‘, 8, apil beam:l
1,20E5
3,00ES ° e
1,00E5

00000000000
60000
00000

20000 NOARO/IRAF ,1; .J::rr-:w=l71T“rl'-:rp--‘.—l"la:"En“n"x!—*HL\' L—.r:.l Tue ;.7‘4‘—.‘1:, 20-May-2014
452 HD

20000

15000

00000



Wavelength calibration: He-Ar
(file hear.fits)

Counts

20000 —

10000 —

Projection

We need to extract the
spectrum of He-Ar exactly

at the same position as the
target star

246.360 246.360
1034.563 34.563




Extracting the spectrum of He-Ar at the
same position as the reference (star)
object

apall hear.fits out=hear_estrela.fits ref=estrela.fits
inter- recen- trace- extras- backgro=none

- hear.fits: He-Ar image

- out=hear_comp.fits: extracted spectrum of He-Ar
- ref =estrela.fits the star’s file name (before the
extraction with apall)



Preparing the files to extract He-Ar for

> |s -1 *f.fits > lista_in each star
> Imore lista in HDOZB079f . fits
— HDOZBE73f . fits
HDO45289f . fits

> Ised “s/HD/hear_HD/g” lista_in > lista_out

| : hear_HIO36079F , fits
> Imore lista_out | 201 oeerzt Fire

hear_HD045283f . fits
> lprintf "hear.fits\n%.0s" {1..3} > lista_hear

> Imore lista hear |hearfits
- hear.fits

hear.fits
apall @lista_hear out=@Ilista_out ref=@lista_in inter- recen-
trace- extras- backgro=none clean- sat=100000 readnoise=18.0
gain=4.0t_order=6

32



onedspec> splot hear HD*

- hr { QL RV | - - o or
. rgm T E F1 4+ | he—- a7 =
| il TIVVODV Y DT . TALS>] . e w il )

| MesaY —1 = i | neAamtl
LITEC _— - AN & A MEeEalty L

80000~ m

60000 I~ il

40000~ ™

20000~ g

0 500 1000 1500 2000



onedspec> splot hear HD*

30000

25000

20000

15000

10000

5000

w (window)

B

t (tob; maximo valor no eixo Y)

0 500

34



000< 0021L 000r

ooz

3500

0000E

0ooes

0000S

4000.hea.0001 - Ap 1

—oooarar for 12415
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—00001t R 3
10002
0
> N
g
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identify 1244000.hea.0001 - Ap 1

hear for 12415
;’E' ' T x I s oL T 1l L
0|
- He-Ardo OPD
) (3000-6300A)
W
| 8 B (ElE &y .7l
|
| | A i M
il AN\ /\/J\)UM\ I /W f‘ J\)t V\JMMAMWM\ ’U\P
W ., SPCTIS S
3000 3500 4000 4500 5000 5500

© Prof. Marcos Diaz, 1996

— 6032.1300

9.5196

34,

? ——  5912.0853

5
=
-

Prrrks

o=l W
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identify 1247100.hea.0001 - Ap 1
hear for 1tt2415

‘ (20) I
W SOES 8
He-Ar do OPD ||
ws (5000 — 9700 A) .,
S
L.50E5 |— / :
.OOES | % § |
|
0000 § FZEgs 5 g i
5 igeds : § 6 B
bl |
) W L
5600 60 70|00 8000

Wavel th
© Prof. Marcos Diaz, 1996 M

9122.9674

8264.5225

——  8521.4422

863

— 92244992

= 093542198
—  9687.7

—  9291.5313

b ——  8667.9442
| —— 87990875

f
‘

\h———-uA—
e—
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He-Ar do CTIO (3800-7200A)

(low resolution)

(L9-590¢) 19

L} 1 T T
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He-Ar-Ne do CTIO (4900-9700A)

(low resolution)

el LS36— =

R
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He-Ar do CTIO (3100-4100A)

ium resolution)

(med
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He-Ar do CTIO (3800-5250A)

(medium resolution)
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He-Ar-Ne do CTIO (5300-7000A)

(medium resolution)
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He-Ar-Ne do CTIO (6700-8300A)

(medium resolution)
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He-Ar-Ne do CTIO (8200-9800A)

(medium resolution)
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Line identification

ap>ls -1 hear *

hear HDO3G079F.Fits—
hear_HDO3BE73f ,fits
hear HIO4S283f Fits

80000

60000

40000

20000

0 500

1000

1500

2000
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Line identification
ap> identify hear_HD036079f.fits coordli=linelistsSidhenear.dat

NOROD/IRAF V2,16 jorge@Jorgez-MacBook-Air,local Wed 21:34:37 21-May-
identify hear_HDO36079F - Ap 1

he-ar

-

Y .\J ) l ﬂ_._lJll..M_.ﬂ_J.-LLLJ‘_.LwJJ.J_J.JmL_..&._.‘_A— —
| |

|

81.76 81.756516

1000 1500

pixel

INDEF »: 5875.6

2000

\

IRAF’s line list
for He-Ne-Ar

Mark the line
with m, then
write the
wavelength
and hit return
(enter)




NORDAZIRAF V2,16 jorgelJorges-MacBook-Air,local Wed 21:34:37 21-May-
identify hear_HDC 3= Apil

he-ar

- | 1 |

Y VRPN WY A a)n » nLL_LLmJJnlLiLWJ4J_LL_ﬁL_AAL__
| | | |

500 1000 1500 2000
pixel

Bt re Bl Toente oo B Eto HaT <«— coordli=linelistsSidhenear.dat




After identifying at least 4 lines (well
spaced) type f (meaning fit)

20000 |

L .‘IJ MLMJ{LMJUA uuL ULMJ:LLL.@L)IWLMJT:

|
0 500 1500 2000

1166,99 1166,9907 4764,.89 AIT {153



Residuals of the fit of pixel vs. wavelength

N !:| A0/ I RAF V : < l [ Jorge A Tor ges- Mac Elj ook-Air S local Wed '_-_—' :’ * 04 * 20 ': 1-Ma Y- :_’ l::l 14
func=spline3, order=1. low_rej=3. high_rej=3, niterate=0. grow=0
total=4, sample=4d, rejected=0, deleted=0, RMS5=1,5E-11

. O0E-11 I T L I

Type @ to exit and go back to
the line identification, already
calibrated with your initial fit

1 l
4500 5000

Wavelength (angstroms)




First estimate of the Wavelength calibration

ldentity hear

Type [ to
automatically
identify other

lines and redo
the fit

|
|
3 L'L,),T,JMJJ...UMJ&IJMJJM[IA\L: WMM.M,JJUw

4000 4500 5000 5500

Wavelength {(angstroms)




Lines automatlcally |dent|ﬁed

identify hear_

“e” 11 ”) and

delete
suspicious
identifications

(e.g., near the
noise) lines

E with d

J" | '“J " MuanUuulL NN i

4000 4500 5000 5500
Wavelength {(angstroms?




All OK here (do not delete).

»n (. n

To continue type “w” “r

| 3
e UL
\Ajk/\_ r el uw«ﬂ N
1 1 1 1 |
3800 2900 4000 4100 4200 4300 4400

Wavelength {(angstroms)

0




M{d .

All OK here (do not delete).

»n (. n

To continue type “W” “r

..

|

JJ_

4400

Wavelength {(angstroms?

4500 4600 4700 4800 4900

5000




|

” (. »n

To continue: “wW” “r

Delete
with “d”

il i,

] ]
4900 5000 5100 5200 5300 5400 5500

Wavelength {(angstroms)




identity hear_HDO3SGO0/9F - Ap 1

1 1

All OK (do not delete)

To redo the fit: “f”

;TM ' IJ'LW\JM«IJL/'AA_MTJJ uluU -

5400 5500 5600 5700 5800 5900 6000

Wavelength {angstroms)




Func=splinei3., order=1., low_rej=3,.

total=33. zample=33. r

| |

To change the order of the
polynomial (e.g. order 5):
05

f (to redot the fit)

Q- = M 0

| - W

M = ¢

|
4500

Wavelength (.




N e 1 R

o O 2N

-

A =

F’ unc=s f:v l 1Nne —5 »

total ‘_‘__:',3_'

—_—

8

Delete using d
and redo the




total=33. sample=33. rejected=0. deleted=1. EMS= O;ldi

il | | ]

Func=spline3., order=5H, Ww_rej=3, high_rej=3., niterate=0. grow=0

R.M.S. only
0,14 A

g to exit




identify hear_HDO36079f - Ap 1

he-ar

RN
ll_lvljﬂlbl_huhmeuJJAJHHJJ_uL

| |

W
a
To show the whole spectrum

g to exit

Write feature data to the database (ues)?

|

4500

Wavelength




ecl> Imore database/idhear HD036079f

species

begin identify hear_HDOZ6073f - Ap 1
id hear_HD036079f
task identify
image  hear_HDO3607Sf - Ap 1
:pnler*tur*e283 " 1 Computed Laboratory
plow .
aphigh 286.85 wavelength Wavelength
Pixe| # units  Angstroms /
features 32 /
T 13,36 5344,67304  5344,8342
81,76 5875,90795 5375,618
307,84 5650,55171  5650,703
351,94 5606,52455  5606,732
385,88 5572,53501 5572,548
461,78 5496,0989 5495,872
730,06 5221,51883 6221,27
762,83 5187,61148 5187.746
928,05 5015,78031 5015,675
976,69 4964 ,93737 4965,12
1017,94 4921,74167  4921,929
1057,87 4879,83806 4873.9
1127.94 4806,14317 4806,07

4,0 11 NeI{1)
4,01 1 Hel

4,0 1 1 AI(12)
4,011 AI
4,011 AI

4,0 1 1 AI(14)
4,011 AI
4,011 AI
4,01 1 Hel
4,01 1 AII(14)
4,01 1 Hel

4,0 1 1 AII{14)
4,0 1 1 AII(E)
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tail is useful to visualize the last lines of the file (in the case

below, the last 22 lines)

onedspec> ltail -22 database/idhear_HDO3607Sf

function spline3

order 5

sample *

haverage 1

hiterate 0

low_reject 3,

high_reject 3,

grow 0,

coefficients 12
30
50
10
2048,
1063,1812771222
992,1392068207723
925,1840033637536
854 ,9771910623752
783,419173499576
710,5804652246801
637 .434633320564
563,5349304446175

In the file
idhear_HDO036079f we
have the coefficients
of the polynomial fit of
pixel vs. wavelength

-~
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We only need to identify once the He-Ar
lines in one star. For the others it could be
done automatically

Identify automatically the He-Ar for the other stars
using as reference the identification of HD036079f:

> reidentify hear_HD036079f hear HD* nlost=2 inter-

Verify:
onedspec> ls -1 database/id*
database/idhear_HID036079f
database/idhear_HDO36673f
datqbase{ighear_HD045289F
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To apply the calibration in wavelength, first we need to
write in the header the information of the reference star

Reduced stellar spectra are *.0001.fits:

onedsbec> 1= *,0001,fits
HDO36073f, 0001, fits HOO3EE73F, 0001, fits HD045283F ,0001,fits

The spectra for wavelength calibration are:

0nedsbec> ls hear_HD*
heaﬁ_HD0360?9F.Fits hear_HDO36E73f ,fits hear_HD045289f ,fits

For the first star:
refspec HD036079f.0001.fits reference=hear_HD036079f.fits sort=none group=none

But we could do it for all stars using lists



> |s -1 *.0001.fits > listared in . |
— HDO36073F, 0001, fits

HDO3E673F 0001, fits
HDO045289F 0001, Fits

>|s -1 hear_HD* > listahear _in |
hear_HDO36073f ,fits
hear_HDO3BE73f ,fits
hear_HD045289f ,fits

>lsed 's/HD/refspec HD/g' listared _in > listal

>Ised 's/hear/reference=hear/g;s/fits/fits sort=none group=none'/g listahear_in >
lista2

>Ipaste -d "%1 lista2 > lista_refspec

VERIFY: espaco

> Imore lista_refspec

refspec HDO3B07SF,0001,fits reference=hear_HDO36073f,fits sort=none group=none
refspec HDO3E6673F,0001,fits reference=hear_HDO36673f,fits sort=none group=none
refspec HDO45283fF,0001,fits reference=hear_HD045283f ,fits sort=none group=none

64



Assign the reference He-Ar:
(write in the header the reference He-Ar file)

cl < lista_refspec

[HDO36073f,0001] refspecl="hear_HDO36079f' Accept assignment? (nolyes|YES): YES
[HDO3E079F . 00011 refgpecl="hear HDO3E079f"
[HDO36673F,0001] refspecl="hear_HDO36673f' Accept assignment? (nolyesl|YES): YES
[HDO3EE73F,0001] refspecl="hear_HD036673f"
[HD045283F ,0001] refspecl="hear_HD045289f' Accept assignment? (nolyesl|YES): YES
[HD045289F,0001] refspecl="hear_HD045289f"

Apply the calibration in wavelength:
ap> dispcor *f.0001.fits *%f.0001.fits%d.fits%

HDO3E073f, 0001, fits: REFSPECL = "hear_HDO3B073f 1.
HDO36073d,fits: ap = 1, wl = 3823,854, w2 = 5957,162, dw = 1,042163, nw = 2048
HDO3EE73F, 0001, fits: REFSPECL = 'hear_HDO3ZBE73f 1.
HDO3B673d,fits: ap = 1, wl = 3823,725, w2 = 5356,925, dw
HD045253F 0001, fits: REFSPECL = "hear_HD045283f 1.
HD045283d,fits: ap = 1, wl = 3823,66, w2 = 5396,661, duw

1.04211, nw = 2048

1,042013, nw = 2048
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[HDO36079d, fitsl: HDO36079 8, ap:l beam:l

I I | | splot HD*d.fits

0 73d,fFitsl: ) 8., ap:l beam:1
| | | | |
60000 [~ W \mw‘u L OEE— -
'y} 2,00E5 [~ ' -
40000~ —
Tl
I‘br.‘-
2,50E5 [ =]
AWW‘W
200001 | I | I | |2.00E5H -
4000 4500 5500 £000 M
Wavelength (a i . o
[HD045289d, fit=sl: HDO45 200, ap:l beam:!: LRSS
| | T T h“
20000 [ - |1.00E5[ -
RO — | 50000 WH'M i
I ] ] ] ] ~
150001~ i 4000 4500 5000 5500 6000
Wavelength {(angstroms)
12500 l ‘\W\W
10000 [~ \WMMW
MMW%
5000
] |
4000 4500

Wavelength |



If you like you can normalize to a given flux

value (e g, SSOOA) or in absolute flux

CHDO36079c 9 FE

£]; HDO3607

I m | | 1 use S:
} 5500 A = pixel 1605

80000~

[HDO36079d, fitsl: HDO36079 8., ap:l beam:l

”“Z;;WW\% -

ST e,

]
1500




> imstat HD*d.fits[1600:1610] fields="midpt” > medtempo
Ised 1d medtempo > mediana (to delete the first line [comment])
lls -1 *d.fits > listad1

Ised 's/HD/imarith HD/g;s/fits/fits /g' listadl > listad2
Ipaste -d "/" listad2 mediana > listad3

Ised 's/d.fits/n.fits/g' listadl > listad4

Ipaste -d “ 7 listad3 listad4 > listan

VERIFY

| . imarith HDO326079d,fits / 33947, HDO3B079n,.fits
> Imore IIStan imarith HDO36673d,.fits / 37505, HDO3EE73n,.fits
imaﬁith HD045289d.Fits ! 6358, HDO45289n,.fits

> cl < listan
> splot HD*n.fits



[HDO36079n, Fitel: HDO36079 B, ap:l beam:1
| I 1

Mgl triplet 5167, 5173, 5184

-
; NaD 5890, 5896
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=

- 4
3

| |
4500 5000
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[HDO36E73n,Ffitsl; HDO36E73 3. ap:l beam:l
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[HDO36673n,.Fitsl: HDO36673 8, ap:l beam:1
101™ | | | | M
0

M g
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He
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| S
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(e o)
I I
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N 2
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Absolute flux calibration

Publications of the Astronomical Society of the Pacific

106: 566-589, 1994 June

Southern Spectrophotometric Standards. II.

MARIO HAMUY, N. B. SUNTZEFF, S. R. HEATHCOTE, A. R. WALKER, P. GIGOUX,
AND M. M. PHILLIPS

AB magnitudes
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Flux standard HR4468 (HD 100889): B9.5Vn

NOAO/IRAF V2.10.4EXPORT marcos@gabi Mon 11:36:52 12-Fev-...
[hrd4468.imh]: HR4468 3. ap:1 beam:1

l 1] N Wy \03589 | |
W R g.cV, § Frotbest
bstd scal

1.00E-10 | r\ K= s DEC B
it36 Ho.9l -09 4§ oB.o;

1.25E-10 —

3 4. L5 |

7.50E-11 [—
V 4.6%
LRI
5.00E-11 | Now gy o
W Y 9y
;
2.50E-11 |- \\\/\\A 4
. | | 1 |
3000 4000 5000 6000 7000
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Flux standard EG 274: white dwarf

NOAO/IRAF V2.10.4EXPORT marcos@gabi Mon 11:36:47 12-Feb-96
[eg274.imh]: EG274 150. ap:1 beam:1

6.00E-13 [T I l_ I r e
Wt dward Vv
/ R-A. DEC
5.00E-13 |- e T3 35383 -39 i3 v6 5 -
U 99i¢
4.00E-13 | B (v 8gs o
V U029
3.00E-13 |— "
p\ [ . 936
RECACEY
R - 4 Y597 N
1 H L3703
1.00E-13 |— K 1.7 ly
" | | | 1
3000 4000 5000 6000 7000

© Prof. Marcos Diaz, 1996 Wavelength (angstroms)
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The onedstdsS directory contains standard calibration

data for extinction and sensitivity calibration

EXTINCTION TABLES (eg extinction = onedstds
Sctioextinct.dat)

ctioextinct.dat - CTIO extinction table for ONEDSPEC (in A)
kpnoextinct.dat - KPNO extinction table for ONEDSPEC (in A)

FLUX STANDARD DIRECTORIES
(eg caldir = onedstdsSbstdscal/):

blackbody (blackbody flux distributions
bstdscal (brighter KPNO standards)

ctionewcal (Directory containing fluxes at 50A steps
in the blue and red ranges

specl6cal - Directory containing fluxes at 16A steps



For example

- bstdscal (brighter KPNO standards)
Standard stars in onedstdsSbstdscal/

hr718 hr3454 hr3982 hr4468 hr4534 hr5191 hr5511 hr7001
hr7596 hr7950 hr8634 hr9087 hd15318 hd74280
hd100889 hd188350 hd198001 hd214923 hd224926

Notice that hd188350=hr7596 and hr4468=hd100889

To see all lists available in IRAF (cl):

> cd onedstds

> |s

> cd bstdscal (similar procedure for other lists)

The full list at: http://star.pst.qub.ac.uk/~jrm/iraf/speclis



epar kpnoslit (salvar com CTRL-D)
probably you could use ctioslit?

IRAF
Image Reduction and Analysis Facility
PACKAGE
TASK

imred

kpnostiy /Ctioextinct.dat OK para o OPD

(extinct= onedstds$ctioextinct.dat) Extinction file

(caldir onedstds$specbOcal/)_Standard star calibration directory
(observa= observatory) Observatory

(interp = poly5) Interpolation type NO Hem|Sfér|O SUl eSCOIher
(databas= database) Database Ctlonewcal ao |nVéS de
(verbose= yes) Verbose output?
(logfile= logfile) Log file specd0cal. Para estrelas
(plotfil= ) Plot file _

brilhantes temos outras
(nsum = 1) Aperture sum for 2D images
(records= ) Record number extensions Opgées (pex bstdscal)
(version= KPNOSLIT V3: January 1992) :
ficHe  E a1) Procurar as padroes em
($nargs = 0)

onedstds
Figure 19: The package parameters for kpnoslit, modified to specily the ctio atmospheric
extinction table. Note the final “/” on the subdirectory for caldir.

77



(absolute) flux calibration

We need to observe absolute flux standards (e.g.
Hamuy et al. 1994, PASP 106, 566)

standard (noao.onedspec) p/todas as padroes
sensfunc (noao.onedspec) (do output de standard)

calibrate (noao.twodspec.longslit) aplica sensfunc

Details in pp 29-35 from IRAF manual:
http://www.astro.iag.usp.br/~jorge/aga5802/spect_iraf reducao.pdf



Extract the standard
star Select only continuum

regions (without lines)

25000 y ‘2\. NORD/IRAF V2,: 7 6-Mar-200
A \ | l |
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no 20000
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17500
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1
U 15000
12500~
| | | | | |
4500 5000 5500 6000 6500 7000
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Fit a polynomial transformation from
counts to flux (erg cm2 st A1)

NOAD/IRAF V2,11EXPORT stefanolfkayak? Sat 17:32:29 16-Mar-2002
Aperture=1 Function=spline3d Order=6 Points=48 RM5=0,0200

Sensitivity wvs Wavelength

| ]
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