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https://iraf.net
 help task
Plot spectrum
 splot spec.fit
Plot set of spectra
 specplot @spec.list 
 specplot e*.fit,01.fit,02.fit...
Check header
 imhead spec.fit/@spec.list l+ | page
Select some field from header
 hselect spec.fit/@spec.list $I,obj-name,exptime yes
Check stats of spectrum
 imstat spec.fit/@spec.list
 See image with ds9
 !ds9 &
 display spec.fit Nframe (nframe=1,..,12)

IRAF - first steps

EDIT:

1) login.cl line ~34
set stdimage = imt4096
set imextn = "oif:imh fxf:fit,fits ...”
2) include data of Ondrejov observatory in the 
database, edit file obsdb.dat (path: 
~miniconda3/envs/iraf38/iraf/noao/lib/obsdb.dat)

observatory = "ondrejov"
        name = "Ondrejov observatory"
        longitude = 345:12:59
        latitude = 49:54:38
        altitude = 528
        timezone = -1 



OESRED.CL
- SEMI automatic
- always check your data!

imstat
ds9
splot

- Divided in two parts: Calibration and Science.
Useful for many exposures same night

- Parameters were tested and works exclusively 
for OES.

- for now, recommend stepbystep

epar oesred (or any task- edit parameter)
Quit :q
Go! :g

Imhead *.fit (quick inspection)

- WORKSHOP/
- oesred.cl
- 20230629

- e2023*.fit
- 20232308

- e2023*.fit

e 2023 06 29 0034.fit

year        month day Id-number
 



1) Initial parameters!
Check type of “image”:

flat: flat fields

zero: bias

comp: ThAr comparison spectra

Object: science

           imhead e*.fit  (short way)

- print list filename and object type 

 hselect e*.fit $I,object yes

- check header!

 imhead e202109060001.fit l+ | page

- for example, alp Lyr spectrum.

- take note about the filename and the target name in 
the header!

 
ALWAYS keep raw data as backup!!

Good to know and have contact who performed the reduction



input: The complete fit file name of our target, science

output: Filename of the final reduced spectrum > “output-id.fit”, why ‘id’? 
→ same target, same night

Idtarget:  EXACT name of the target which is in the header!!

naperture: Number of apertures, important if we wanna use the wavelenght 
calibration database. Keep in 49.

id: recommended the last four numbers of the fit file



2) sort files!
- complete first set of parameteres, in the part of 
calibration set:

 orgfile = yes

 :go

After this step files are organized, you can check each 
folder and files.

Example:

 imstat @flat.dat
#               IMAGE      NPIX      MEAN    STDDEV       MIN       MAX

    e202109060006.fit   4194304     931.1     2621.        0.    25203.

    e202109060007.fit   4194304     949.1     2679.        0.    25797.

    e202109060008.fit   4194304     944.7     2664.        0.    25560.

    e202109060009.fit   4194304     941.4     2654.        0.    25521.

    e202109060010.fit   4194304     940.2     2649.        0.    25405.

- visual inspection:

 !ds9 &

 display e202306290011.fit  1

Before each run be 
sure we are in the 
MAIN folder (20230629/)!

pwd



3) Combine zeros!

- before, is possible edit the list zero.dat

- change the previous task to “no” 

 orgfile = no

 zerocom = yes

 :go

- new file: Zero.fit



4) trim flat and comp (recommended)

- completely optional, but usually the 
first and last pixel of each aperture is 
saturated and can be annoying during 
normalization.
- related with lines database
‘idcomp’
 

zerocom = no

 

trimcal = yes

 

iftrimc = yes

 

:go

- new files, prefix T

 

Te*.fit



4) trim flat and comp (recommended)

If we apply trim and you 
want to use the trimmed 
images, you need to set 
iftrimc=yes during 
the whole reduction!



5) Bias correction →  flat and comp

 trimcal = no

 iftrimc = yes

 zerocor = yes

 :go

- new files, prefix Z

 ZTe*.fit



5) Bias correction flat and comp

 



6) Combine comp (ThAr)

 iftrimc = yes  (keep “yes”)

 zerocor = no

 compcom = yes

 :go

- new file

 ZTcomp.fit



7) Combine flat field

 iftrimc = yes                     

 compcom = no

 flatcom = yes

 :go

- new file

 ZTflat.fit



6) and 7)  Combine comp/flat field



8) Model apertures - Flat

 iftrimc = yes                    

 flatcom = no

 flatapa = yes

 :go

Find apertures for Ztflat? (yes): 
Number of apertures to be found automatically (49): 
Resize apertures for ZTflat? (yes):
Edit apertures for Ztflat? (yes):
- accept everything with “enter” or
 typing “yes”. Default answer in 
parenthesis.

- in order to do everything a bit easy/fast. We will 
use a database for wavelength calibration, for that 
we need to choose 49 apertures.

Background fitting is not necessarily because 
overlapping.

- value in parenthesis (yes/no) is 
Predefined. press ENTER



CURSOR KEY - interactive

 

 

 

 

Good practice: 
- NEVER resize the window directly when 
interactive is activated!

if yes→ ‘:’ resize → enter
- NEVER do click on the interactive window! 

if yes→ click on green square→ Delete
 
Help window: ‘?’

      q+q → exit help 
Window:  w+e+e → Zoom bottom left/top right 
                               corner

      w+a → redraw/ show all
      w+u/d/l/r → move up/down/left/right



8) Model apertures - Flat
 - first aperture near the pixel ~860-890
 mark: m



8) Model apertures - Flat

 

Sort: o

 

‘1’
enter

- delete extra apertures
We need only 49
 → over the aperture 
     Then : d

First aperture 
Number 1, 
no 50                   - check apertures, 

                     Zoom in/out and 
                     Aperture numbers

All right? → ‘q’
‘Trace apertures for Ztflat? 
                                     (yes)



Fit curve to aperture N of Ztflat interactively (yes): YES

Write apertures for ZTflat to database (yes):

Extract aperture for ZTflat? (yes):

Review extracted spectra from ZTflat? (yes): YES

Review extracted spectrum for aperture 1 from ZTflat? (yes) 
YES

8) Model apertures - Flat

 

Polinomial fitting of 
the echelle orders

- change order :o N
- change function:
:f spline3/legendre/

chebyshev

- relative residuals k 
- residuals (px) j
- aperture h 



8) Model apertures - Flat8) Model apertures - Flat

- new file: AZTflat.fit



9) Model apertures – Comparison lamp
- Template: AZTflat.fit

 iftrimc = yes                    

 flatapa = no

 compapa = yes

 :go

Edit apertures for ZTcomp? (yes): 
Can be “no” but always is better to check it!

 q

Write apertures for ZTcomp to database (yes):

Extract aperture spectra for ZTcomp? (yes):

Review extracted spectra from ZTcomp? (yes):

Review extracted spectrum for aperture 1 from 
ZTcomp? (yes) YES
- if you are using database, check if the first aperture 
corresponds to the first aperture in the atlas. (inside folder 
idcomp_*)



9) Model apertures – Comparison lamp



9) Model apertures – Comparison lamp

- reference → AZTflat

- new file: AZTcomp.fit 



10) Wavelength calibration

- using database, folder “idcomp”
 must be in the main path
 iftrimc = yes                    
 compapa = no
 iddatab = yes
 idfolder = idcomp_2307
 idencom = yes
 :go
- in database, lines can be shifted few pixels, 
in order to fix it we need to “shift” the lines of our database. If doesn’t work, recommend delete
every line with d, and mark new lines (m) comparing with the atlas.  

 Shift → s
- always fit!
 f   (delete point d), q, q

- rms ~ 0.007 acceptable
- Write feature data to the database (yes)? 



No match!  
Press “s”

: enter





10) Wavelength calibration - fit
- NO pattern in residuals
- no high order is recommended
- d to eliminate point
- q, f to refit and update plot

- better RMS, no significant
→ q,q to the next aperture

- yes, 49 times :) 



10) Wavelength calibration – but..if not match?? :(
- delete all lines
- NO press F!
- compare the Atlas and mark manually > 5 lines 

mark: m, wavelength, enter
delete: d
zoom in/out (w,e,e)

- now f to fit, check residuals, q



10) Wavelength calibration – but..if not match?? :(

- L, automatic mark
- f, refit
- ‘clean’
→ happy, q,q



10) Wavelength calibration 

- using the database
- for each aperture a file is created with 
  the calibration information, which 
  later will use as reference to the 
  object’s apertures.
  

- new files: iazcomp.00**.fit



10) Wavelength calibration – idcomp_* database 

- pixel

- Last one is the valid

  

- marked wavelength

- real/fitted 
wavelength



11) Trim Object

 

iftrimc = yes                    

 

iddatab = no

 

idfolder = idcomp 

 

idencom = no

 

trimob = yes

 

iftrimo = yes

 

:go

IMPORTANT, first check 
these parameters are ok!



11) Trim Object

 

 
 
 

 
 
 
New file: alplyr/Te2023*.fit 

- trimsection has to be the same as
  calibration DON’T change! 



12) Bias correction object

 iftrimc = yes    
 trimob = no                
 iftrimo = yes
 zerocor = yes
 :go

 

 

New file: alplyr/ZTe2023*.fit 



13) Cosmic Rays – LACOS (2001PASP..113.1420V)

 iftrimc = yes    
       iftrimo = yes
 zerocor = no
 crays = yes
 ifcrays = yes
 :go

New files: alplyr/CrZTe2023*.fit ← cleaned
alplyr/MCrZTe2023*.fit ← mask

 

 

http://www.astro.yale.edu/dokkum/lacosmic/

- read GAIN and READtoNOISE from header

https://ui.adsabs.harvard.edu/abs/2001PASP..113.1420V/abstract
http://www.astro.yale.edu/dokkum/lacosmic/


14) Extract apertures - Object

 iftrimc = yes    

          iftrimo = yes

  crays = no

 ifcrays = yes

 objecta = yes

 :go

- Template: AZTflat.fit



14) Extract apertures - Object

 

Edit apertures for CrZTe2023*? (yes):
Review extracted spectrum for aperture 1 from CrZTe2023*? (yes)
Write apertures for CrZTe2023* to database? (yes): 

q → if yes, with q you move to the next aperture
Extract aperture spectra for CrZTe2023*? (yes):

First view of our target!!!
BUT!! :)

Still in pixel :(

For example aperture 36 is 
the spectral region of H-alpha



14) Extract apertures - Object

 

 new file: alplyr/ACrZTe2023*.fit



15) Flat correction

 iftrimc = yes    
       iftrimo = yes
 ifcrays = yes/no
 objecta = no
 flatcor = yes
 :go

 

new file: FACrZTe2023*.fit

To see or plot use the task 
splot spec.fit

To move between orders
( → to the right/ higher aperture
) → to the left/ lower aperture



15) Flat correction

 

 
 
 
 

 

new file: FACrZTe2023*.fit

In Flat correction we have to divide.
By dividing the science spectrum by
the flat-field image, we are effectively 
correcting for the variations in 

- sensitivity
- illumination
- detector response.



16) JD + heliocentric correction
 iftrimc = yes    

          iftrimo = yes

 ifcrays = no

 flatcor = no

 helioco = yes

 :go

 

Check long header:
imhead FCrAZTe2023*.fit l+



16) JD + heliocentric correction

 UTMIDDLE

 



17) Ref spectrum

 iftrimc = yes    
       iftrimo = yes
 ifcrays = no
 helioco = no
 idref = yes
 :go



17) Ref spectrum

Read database of wavelength calibration and apply!

 
 
 

 

splot wap.0036.fit
NO more pixels!!! :)

→ aperture 36 → H-alpha
Check if ok
Good Wavelength calibration !!



17) Ref spectrum

New files: 

 ap.00XX.fit – 
1D spectra in pixels 

wap.00XX.fit – 
1D spectra in Angstrom

wap_asc/wap.00XX.asc – 
ascii file for each aperture 
(useful)

 

 



18) Normalization
 iftrimc = yes    

          iftrimo = yes

 ifcrays = no

 idref = no

 norm = yes

 :go

Fit [1,1] of wap.0001.fit w/ graph?   

(yes|no|skip|YES|NO|SKIP) (yes):



18) Normalization
- change order :o N

- residuals j

- high rejection :hi N

- low rejection :lo N 
- function :f legendre/spline3/chebyshev 
- select region s..s
- delete region z
- delete all regions t

- zoom/window w, e..e
 resize w,a
 move right w,r 
 move left w,l
 move up w,u
 move down w,d

S

s s s s



18) Normalization
- change order :o N

- residuals j

- high rejection :hi N

- low rejection :lo N 
- function :f legendre/spline3/chebyshev 
- select region s..s
- delete region z
- delete all regions t

- zoom/window w, e..e
 resize w,a
 move right w,r 
 move left w,l
 move up w,u
 move down w,d

S

s s s s



18) Normalization

Advises / Good practices
- Start with low order
- Hot stars or wide lines → 

Legendre or chebyshev
- sometimes faster just change 
high/low rejection 
- Dont frustrate if poor normalization
is Just experience, there is not
ABSOLUTE way 



21) merging
 iftrimc = yes    

          iftrimo = yes

 ifcrays = no

 norm = no

 ncombine = yes

 :go

new file: alpLyr-0022.fit 



SPLOT

splot alpLyr-0016.fit 
Fit:  gaussian: k..k(or g)

 lorentzian: k..l

 voigt: k..v

 centroid e..e

snr: m..m

Change unit (angstrom to km/s)

 :u km/s 6562.8 an

 :u an

SPECPLOT

specplot spec1.fit,spec2.fits 
Change step: step 1 (or any number)

See wavelength: u

snr: m..m

Change unit (angstrom to km/s)

 :u km/s 6562.8 an

 :u an

Replot: r



General Remarks

Thank 
you!!

● The optimal reduction process always will be different 
for each instrument.

● IRAF “sometimes” is a bit tricky, but really 
useful.

● Quick check/inspection of spectra!!

● Versatil program because many parameters 
(sometimes too many).

● Pre-defined task.

● “opensource” you can write your own 
task/package.

● Xgterm – nice interactive tool.

● Slow with computation, python/idl/fortran would 
be good option.
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