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Astronomy 480 Ð IRAF Tutorial and Exercise VI  
Batch mode and scripting with an application to time-series photometry 

Introduction 

In the preceding exercise, you learned how to perform psf fitting with 
IRAF/DAOphot.  This was on a limited set of four images, and could 
quite reasonably be done in part by hand (which we chose to do).  
However, in the course of your astronomy career, you will probably 
have a much larger set of images, all taken under similar conditions, 
that are much more efficiently processed in batch mode. Learning to 
program some simple IRAF cl scripts is essential to facilitate efficient 
batching of jobs.  This tutorial will cover those along with teaching 
you how to work in Òbatch mode.Ó 

We are going to produce a lightcurve (i.e. plot of magnitude versus 
time) for the optical emission (data taken in white light with a fast 
frame-transfer CCD) from the low-mass X-ray binary GS1826-24.  We have chosen a small section of the 
lightcurve that should be the most interesting to look at.  Above is a finding chart for GS1826-24.  [Fortunately, 
Nature has provided the usual ÒarrowsÓ marking a star that we should observe.] 

First, you will need to make a directory within your course directory titled exercise6.  Then, copy the gzipped 
tar file GS1826.tar.gz from /net/projects/Astro_480/exercises/exercise6/, and unpack. The images will be put 
into a subdirectory within your Ôexercise6.Õ These data were provided by Dr. Lee Homer, a cataclysmic variable 
expert.  Dr. Homer was feeling generous and provided the images already reduced, and thus ready for doing 
immediate photometry (these images are ~350 of the 100,000 images he reduced and ran photometry on from a 
one-week-long observing run). Start up IRAF, and continue. 

 

KNOWLEDGE  

When were the observations made? ___________ When were the images reduced (processed via CCDPROC Ð 

include month, day, year)? ____________  What are the physical dimensions of the chip? __________  How 

large was the telescope? _______  How long were the exposures? _____ sec. 

 

Pre-photometry set-up 

Choose a suitable image to treat as your master frame (e.g. one roughly in the middle of the set, with decent 
seeing). Copy the chosen image into another subdirectory within exercise6, and work in there for these 
preparatory steps  (just keeps things neat and tidy).  

What do we mean by Òdecent seeingÓ?  Rather than just picking one image randomly from the middle of the set, 
choose 4 images that are close to the middle (but perhaps not consecutive).  Display the 4 images you chose in 
tiled frames within ds9.  Considering the fact that most of the stars in the field are not variable, what do you 
notice about the changes in seeing between images?  Pick the one taken under the best seeing. 

Answer question 1 of the worksheet. 

We have not yet really taken a hard look at the parameters used in the task display.  LetÕs finally do so before 
displaying the image you chose.  So, epar display.  Take a look at the parameters.  Maybe change Ôborder_Õ and 
ÔfillÕ or any others that you are curious about, and see what happens.  Display the image you finally chose, using 
the parameter values you also chose. 
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Generating the star coordinate list 

Once again, you need to set the characteristics of the CCD image data in the datapars file.  Start with using 
daoedit (using ÔrÕ or ÔiÕ if you want it to be interactive) to get representative values for the sky mean, sky sigma, 
and FWHMpsf, as well as the size of the aperture and the radius and width of the sky annulus from the profile 
displayed in the graph.  (Be sure to unlearn tasks before editing the parameters for this exercise!) 

!  Thought questions: You are going to be changing parameters of DATAPARS.  Do a phelp for datapars.  
How does the task use the value you set for fwhmpsf? 

 

What would happen if you set an enormously wrong value for the skysigma? 

 

How do the recommendations for datamin and datamax differ from what we did under IRAF5 Ð DAOphot? 

 

Take a look at question 2 of the worksheet. Once you have the values for the sky, skysigma, and fwhmpsf, set 
them and the other critical parameters within datapars [epar datapars].  You may be changing some of these 
values soon, but for now we want you to commit yourself to your decision. 

datamax   #gain 2.5, full well-depth of 100,000 electrons, 15 bit ADU  
#estimate reasonable value -- what you WANT is not to go higher than the 
#linear part of the chip Ð you can also use INDEF if stars are well below 

readnoise    # 10 e- per pixel for this CCD  

epadu     # 2.5 e- per ADU for these data 

Answer Question 2 on the worksheet. 

!  HI NT:  DonÕt forget to review the other parameters and what datapars has for parameters to make sure all 
values or keywords are consistent with these images!  Once again, it is always a good idea to unlearn a 
parameter set when starting a new reduction. 

(You are still working in your special subdirectory.)  Now create a star list with  daofind, checking your results 
with tvmark . You may wish to do a phelp  for daofind and tvmark, to make sure you understand what, exactly, 
it is they are doing and what they may be capable of doing beyond our use. 

" NOTE: You may find it helpful to actually epar tvmark to set the parameters.  Check what daofind pulled out 
for stars.  Did it ÒfindÓ stars closely buried within the sky?  Should you reset datamin?  Datamax? Skysigma? 
FWHMpsf?  This is where you gain experience making judgments and seeing the results.  Make sure the 
parameters you set actually recover the target star. 

You are now going to run phot.  Do an Ôlpar photÕ and see what other tasks it calls.  You will need to make sure 
that ALL of the tasks that are called have the parameters set to appropriate values. How would you figure out 
what other tasks are called and which are just parameters?  You may wish to ÔunlearnÕ each task before eparÕing 
the parameters (OK, weÕve reminded you for the umpteenth time).  Now is a good time to review IRAF5.  Start 
with where you did daoedit . What steps did you take after that?  What parameters were changed?  How will 
their values change for this exercise? 

Run phot.  You should be confident of your work so far.  So, run phot.  See how it does. 
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# CAUTION:  Check the results!  Was the photometry successful or were there lots of errors?  If there were 
lots of errors, what adjustments can/should you make?  We actually need good photometry on just a few stars Ð 
the target star and a few comparison stars Ð but try to get good photometry on a half-dozen stars at this stage. 

Generating your psf star file (*.pst.1) 

With pstselect, select two or three bright, fairly isolated psf stars (there are only about that many suitable in this 
very small field).  Remember to set  the critical parameter file values for all the tasks that are called (NOTE: 
this time we don't want any centroiding at any stage).  Check your choices against the file linked from our 
home page. 

Rename your *.coo.? file to master.coo and the *.pst.1 file to master.pst.1, and copy both to the directory 
where all the images are for this exercise.  [Be sure to cd to that directory before going any further, otherwise, 
this becomes an extremely short, and incorrect exercise!] 

Running the photometry 

Double-check that all your parameter values are set as you wish. [Note: this time we will not centroid each time, 
since the tracking of the telescope was very good and the stars do not move significantly  over this short 
interval.  Use ÒnoneÓ where possible.]  YouÕve set the parameters in datapars, centerpars, fitskypars, photpars Ð 
all required under the task phot .   

 

Important :  There is a possibility that different versions of IRAF have different orders for the parameters listed 
in the parameter files.  When you see something like the following in an IRAF script 

psf (s1,'default',"master.pst.1",'default','default','default')  

the script is calling the task psf and giving the first 6 parameters the values given inside the parentheses.   

 

DO PROBLEMS 3 AND 4 before going to the next step. 

Allphot.cl needs an input list of all of the image files.  This file is called Òim.lis.Ó  You need to generate this file.   

# CAUTION:  Allphot.cl is VERY PERSNICKETY ABOUT THE PARAMETER VALUES BEING SET 
EXACTLY AS GIVEN.  DOUBLE CHECK YOUR VALUES, and then to run the script type: 

da> cl < allphot.cl     ..and watch it do all the work!! 

 

DONÕT PANIC 

You may find that allphot.cl stops before it gets through the entire list of images or that you must keep returning 
(hitting ÒenterÓ or ÒreturnÓ key) to confirm the parameter values.  You may find that it actually crashes on a 
given image (stops processing all images af ter that one), maybe more than once.  What to do?  Well, you have 
around 350 images, all within a few minutes of each other.  Could you spare a couple by not doing photometry 
on them?  How would you get allphot.cl to ignore these stars?  Would you want allphot.cl to start from the 
beginning if you eliminated an image, or would you want it to start where it left off 
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"  NOTE: For certain stages of this process (like the aperture photometry), you could simply have used IRAF's 
list input capability to get it to photometer all the images.  However, as we ran across in IRAF5, when you come 
to tasks like psf and allstar, it becomes a real pain to make up some of the lists it needs.  This script takes an 
image, and does everything for that image, generating requisite inputs/outputs as it goes along. 

Once, it finishes (it takes only a few minutes for the ~350 images), you'll have the whole set of *.als.1 files. List 
the files in this directory to make sure that every image has all of the output files needed.  Browse through a few 
of these files to see what information is there.  Also, the script is currently set  to create *.sub.1.fits images 
which show visually how well the PSF fitting has worked.   

!  Thought questions: Compare the results of a psf image to its original image by displaying both for one of 
the images in ds9 in ÒtileÓ format.  What has happened?  How well did the PSF fitting do? 

Extracting, processing and displaying the data. 

In principle,  you want to write a program that will extract the useful information from the *.als.1 files.  The  
final  goal here will be to create time-stamps for each data value, and then sort the data into lists for each star, 
comprising on each line  values for the time, magnitude, and magnitude error.  (NOTE: The time quoted should 
be for the middle of the observation; however, since these are 2-second exposures, and we will be quoting each 
time as the number of seconds elapsed from the start of the time series, we wonÕt worry about confirming this 
here. ) 

In practice, we are going to use txdump to extract from each .als.1 file the  Òotime, id, xcenter, ycenter, mag, 
merrÓ for each image!  and put the information into individual files.  Rather than run txdump over and over 
again, weÕre going to practice writing a cl script.  Allstar was set not to write a rejects file, and so you should 
find that each dump of magnitudes has all the stars in the same order, certainly the stars numbered the same, 
which should simplify matters. Eventually you will want a set of files called something like star01.dat, 
star02.dat, .... etc. We are going to accomplish this in two ways: 1) using the IRAF task MKSCRIPT, and 2) 
using a simple IRAF script written especially for this purpose. 

Answer question 5 before going on. 

1)  Using the IRAF task MKSCRIPT:  Do a phelp mkscript  within IRAF to learn how to write a script 
using MKSCRIPT, one that could run many, many tasks with little or no intervention on your part once set up.  
You should realize that making such scripts is not efficient if you are running a process only once (something 
we probably donÕt need to tell you).  However, once you have a script that works, you can use it time and time 
again, making modifications if necessary Ð saving you LOTS of time in the future! 

In this step, we will leave the decision up to you as to how many stars you choose for extracting data.  You 
really only need your target star and three comparison stars Ð how about those stars you used to model the PSF? 

Note question 6 before going on. 

2)  Using an IRAF script written independently of MKSCRIPT:  The IRAF script Ð alldump.cl Ð is given just 
below.  Use an editor and type in the information exactly as shown, including all spacing!  This script will 
extract up to 20 stars and put the information into separate files.  Run it according to your needs. 

 
                                                             
!  We also need id (how do we know which star is which); xcenter and ycenter can be used as a check to make SURE that 
the stars are all numbered identically among frames. 
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SPACES ARE IMPORTANT in an IRAF script.  Where the spaces are required, a " is shown in the comments. 

####   ALLDUMP.CL 
#### 
####   SCRIPT DUMPS REQUIRED INFORMATION FROM STAR'S .ALS FILES AND PUT THE  
####  INFORMATION INTO INDIVIDUAL FILES LABELED star + star number 
####  
####   before running this script, get a listing of all of the .als files and put them 
####   into a single file called als.lis 
#### 
 
string"   *list1, otime 
real"   id,xcenter,ycenter,mag,merr 
 
list1= "als.lis"     #assumes youÕve made a file with a listing 
 
##      read each image from listing in file als.lis and perform the required 
##      operations 
 
while  (fscan (list1,s1)  !=EOF) {  # check that the file is valid; s1 is an IRAF string variable 
for (j��=�� 1; j��<=  20; j ��+=  1) {   # for (j" =" 1; j" <=" 20; j" +=" 1) { 
        if (j  <  10)     # if (j"  < " 10)   SHOWING SPACES! 
                s2 = "star0"//j    # s2 is another defined IRAF string variable 
        else 
                s2 = "star"//j `   # the // means append what follows; j is an integer 
        txdump (s1, "otime,id,xcenter,ycenter,mag,merr","id="//j,  >>  s2) 
        } 
        ; 
}  
        list1="" 
 

Answer question 7 before going on. 

There are still a number of steps left to do: 

1)  Get the time of each observation into the right format, one that can be read by the computer 

2)  Apply differential techniques to remove the effects of any change in atmospheric extinction 

 a) choose the local standard stars (LSSs) 
 b) for each frame, calculate the average magnitude for the LSSs 
 c) compare the brightness of GS1826-24 relative to the LSSs in each image 

3) Display the light curve for GS1826-24 using SuperMongo or IDL, along with the average of the magnitudes 
of the LSSs.  (You may wish to normalize the average magnitude for the LSSs to 0.) 

If we were going to plot every single star selected by ALLSTAR, we would want to replace any ÒINDEFÓ 
values with, for example,  99.0.  Alternatively, you may wish to replace the INDEF with an interpolated 
magnitude and magnitude error value.  We are going to use 3 stars as our standard stars  (one of these should be 
of comparable magnitude to our target star).  None of these should have any INDEF values for magnitudes.   

# CAUTION:  Check the files; make your decision. 
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Getting the time into the right format 

At this stage it is probably a good idea to change the UT times in hh:mm:ss into something more computer 
friendly; for the purposes of A480 and SM or IDL plotting, elapsed time in seconds from the start will be fine.   

!  Thought questions: Assuming we have an computer program that will extract the hh mm ss from hh:mm:ss,  
what would your algorithm be for changing the UT to number of seconds from the start of the observations?  
DonÕt peak at the computer program below! 

PERL script for manipulating columns in a file containing any number of columns Ð a computer language 
that is amazingly cryptic!  Your file should have the .pl appended to its name. 

After you put this information into a file located in your images directory via vi or emacs (or textedit) and save 
it, you will need to do the following steps to run it successfully: 

 1) Make sure that you have extracted the data you need from the .als files.   

 2) Make this file executable by typing at the Linux command prompt chmod +x filename.pl 

In the way this is written, PERL needs to know what file has the data you want processed.  Also, unless you 
want the information printed to the computer screen, you will need to tell PERL where you want the processed 
information to be put.  Here is an example of what to type from the Linux command prompt: 

]$  perl filename.pl   file_with_star_data > name_of_output_file  

This script assumes that you have a total of 6 columns: otime,id,xcenter,ycenter,mag,merr.  The Universal time 
in the first column (index = 0), magnitude is in 5th column (index = 4), magnitude error in 6th column (index = 
5).  Change the indices for the arrays if you have fewer or more columns or a different order. 

 
#!/usr/bin/perl Ðw   # - w means Ôgive warningsÕ  
 
while (defined($line = <>))   # keep reading the lines until   
      # EOF is reached (end of file)  
{  
  chomp($line);     # get rid of carriage return  
 
@list = split / \ s+/, $line;   # break line of data into individual columns  
      # put data into an array  
 
@ut = split /:/, "$list[0]";   # split UT into usable numbers instead of  
      # hh:mm:ss get hh mm ss in an array  
 
$t_hr = $ut[0] * 3600;    # 1st element [0] has hour  
$t_min = $ut[1] * 60;    # 2 nd element [1] has min  
$t_sec = $ut[2];     # 3 rd  element [2] has seconds  
$t_obs = $t_hr + $t_min + $t_sec -  3920;   # 3920 == UT at  start  
 
print "$t_obs \ t";  
print "$list[4] \ t";    # assumes col 5 has mag  
print "$list[5] \ n";    # assumes col 6 has mag error  
}  
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Processing 

Next we want to apply differential techniques to remove the effects of any change in extinction; e.g., due to 
airmass changes (though for this short segment, that's insignificant), but certainly due to any passing clouds, or 
major seeing changes. 

!  Thought questions: In the next step, we are going to average the magnitudes for our LSS stars.  Why would 
we prefer to use an average magnitude rather than the magnitude of just 1 star?  Will this average magnitude be 
an average of the actual apparent magnitudes of the stars or an average of the instrumental magnitudes of the 
stars?  

We are using differential photometry.  Here we subtract the average magnitude of the LSSs from the magnitude 
of the target star.  Will this difference be an actual !(mag) or an average !(mag)?  

Choose 3 bright  stars (e.g. your PSF stars), which become your local standard stars (LSSs).  Essentially, one 
makes the assumption that these stars are constant (or at least do not vary over the time being analyzed).  
Therefore any change in their brightness will be due to systematic effects that will similarly affect your target 
star.  What you are going to do is measure the brightness of GS1826-24 relative to the average magnitude of 
these bright stars.  You will want to average the magnitude of the LSSs for each frame. Then, also for each 
frame, calculate the difference in magnitude !(mag)  between the target and the LSSs average.  (See Howell pp. 
122-123, 2005) 

SUPERMONGO 

We could include this averaging of the LSSs magnitudes and calculations of  average !(mag) between that 
average and the target star within our PERL script.  However, SM (or IDL) will do it all for us, once we get the 
data read in from the various star data files produced by the PERL script. Using the window command in SM 
makes for a pretty plot. where you can place the CV starÕs plot with the LSS plot.  See general format for using 
windows in SM at the end of this tutorial (page 8). 

 

Displaying the lightcurve 

So finally, you should include in the work you turn in a plot having two panels" :  the top panel should show the 
differential lightcurve of the GS1826-24;  the lower panel, on the same y scale and time interval, should show 
the plot of the average magnitude of the LSS stars.  The reason for plotting the latter is to give you and the 
reader an empirical feel for the precision of your photometry, and indicate any times when the data deteriorated.   

The lightcurve of GS1826-24 should be strikingly obvious: It shows an optical burst due to reprocessing in 
circumstellar material of an X-ray burst (an explosive runaway nuclear fusion event on the surface of the 
accreting neutron star).  Be sure to get the magnitudes set up astronomically correct for the y-axes! 

References 

Stetson, Peter B , ÒDAOPHOT - A computer program for crowded-field stellar photometryÓ, 1987 PASP, 99, 
191 
A Reference Guide to the IRAF/DAOPHOT Package, Lindsey E. Davis, January 1994  
http://iraf.noao.edu/iraf/docs/script.pdf  :: An Introductory UserÕs Guide to IRAF Scripts 
Howell, S.B., Handbook of CCD Astronomy, 2005 (Cambridge) 
Howell, S.B., and Jacoby, G.H., 1986, PASP, 98, 802 
 

                                                             
"  Use the window  command within SM. IDL users are on their own for now. 
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SuperMongo macro using windowing for making stacked plots (generic Ð adapt to your data) 

###This macro has 2 windows stacked vertically, so 1 in the X direction and 2 in the Y direction. 
 
diffphot 
  data 02t.dat 
  read two 2 
  read time 1 
  data 03t.dat 
  read three 2 
  data 04t.dat 
  read four 2 
  data 12t.dat 
  read twelve 2 
  set s = sum(two) + sum(three) + sum(twelve) 
  set avg = s/(349*3) 
  set dmag = four - avg 
  window 1 2 1 2 
  limits time 1.9 0.9 
  box 
  points time dmag 
  xlabel Time (s) 
  ylabel Magnitude change 
  window 1 2 1 1 
  set dmag2 = twelve - avg 
  limits time -2.2 -1.2 
  box 
  points time dmag2 
  xlabel Time (s) 
  ylabel Magnitude change  
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Name:______________________________________________________          Due Date:____________ 

 

IRAF Exercise VI        Score : ________ / 35 

  1.  <2 pts> When we are observing a star with the goal of getting a long time series of data, optimally we 
would choose to start early in the evening, on a date when the star transits at midnight, and end as late in the 
morning as possible.  Considering this, when processing time series data, why is it important to pick a frame 
near the middle of the data set for choosing your PSF and comparison stars? 

 

 

 

 

  2.  <5 pts>  

 

 

 

 

 

 

 

 

What values did you finally choose for the following parameters in datapars? 

  fwhmpsf:  __________   datamax: __________ 

  (sky) sigma: __________  exposure (keyword): __________ 

  datamin: __________   obstime (keyword): __________ 

Check these with the parameter file linked from the course homepage (iraf6_parameters.pdf).  The photometry 
for the stars in this image is slightly more sensitive to these values under DAOphot than was the photometry of 
the stars in M92.  (Dr. Homer must have looked at many more images before settling on parameter values that 
worked for the entire series.) 

  3.  <3 pts> In the space below, based upon the steps you did in IRAF5, draw a flowchart of how you think any 
script that would automatically process all of these images should work.  In other words, review and summarize 
the steps taken in IRAF V. 

 

 

 

 

 

 

 

 

x y Sky Mean Sky sigma FWHMpsf 
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  4.  <2 pts> Now, decipher what allphot.cl actually does.  To do this completely, you will need to find out what 
the task fscan and function access do. 

 

 

 

 

 

 

  5.  <2 pts> Write down first how you think txdump would work in extracting the data for 4 stars if done step by 
step on command lines. 

 

 

 

 

  6.  <2 pts> Attach a copy of your cl script where you had IRAF do all of the work through the MKSCRIPT 
task. 

  7.  <2 pts> Comment briefly on the result of using alldump.cl.  In your opinion, are scripts like these 
easier/harder to use, more or less logical, more or less flexible than what was produced under mkscript?  Support 
your comments. 

 

 

 

 

 

 

8.  <4 pts> One can get an estimate of the accuracy of differential photometry by calculating the value of the 
uncertainty (the root-mean-square deviation or standard deviation of the residuals) for the data of one of the 
comparison stars.  Run the task polyfit after reading through the help on polyfit and eparÕing the parameters.  
You may need to do another txdump for your chosen LSS to get just the data that polyfit needs.  What is the 
accuracy of the photometry for these observations? 

 

 

9. <10 pts> Attach a copy of your sm macro or IDL program, and light curves.  Be sure your graph is complete 
Ð showing the data, having labeled axes, and identifying the stars for each of the curves.   

10. <3 pts> Write down a suitable caption for the graph, one that tells the reader what you are displaying, giving 
enough information so that the graph, with this caption, stands on its own. 

 


