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Merging & Combining data

✔ Easy

✗ Limited
✗ Can go wrong



Merging & Combining data

✗ Aspect Correction
✗ Reprojection
✗ Order of operation matters

✔ It works™



Slide Title
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A different view of the same 
Chandra data.
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Zoom in and tweak the color 
scaling and mapping.



Pop Quiz

By MRGuy01 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=98394174



Pop Quiz
The Event File

- Time

- Position (may be 1D)

- Not-quite an energy

- Polarization state, if you are lucky

- Grade (Chandra) or Pattern (XMM, Suzaku)

- Aspect information

- “House Keeping” (HK) data
By MRGuy01 - Own work, CC BY-SA 4.0, 
https://commons.wikimedia.org/w/index.php?curid=98394174



Combining 
Data

https://astrodon.social/@kellylepo/114467936548251061

Chandra’s “first-light” target



Combining 
Data
“All models are wrong, but some 
are useful”

https://en.wikipedia.org/wiki/All_models_are_wrong

If your model is “good enough” you generally want to 
combine the data.

Sometimes you have to throw out data!

https://astrodon.social/@kellylepo/114467936548251061

Chandra’s “first-light” target



The One                 The Many
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The One                 The Many
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Pop Quiz
What do the colors mean?



Pop Quiz
What do the colors mean?

- Not-quite an energy



Pop Quiz
What do the colors mean?
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https://www.youtube.com/watch?v=mOsxktrF2d0

Chandra’s 
Actual 

First Light




Why Combine?
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Colormap: rainbow



Why Combine?
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Colormap: viridis



Why Combine?
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Colormap: gray



Individual
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Add
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Noise

Center for Astrophysics | Harvard & Smithsonian



Noise
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Spectra
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Spectra
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Spectra
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Spectra
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Images

Center for Astrophysics | Harvard & Smithsonian

% find_chandra_obsid a3667
# obsid  sepn   inst grat   time    obsdate        piname       target
889       6.5 ACIS-I NONE   50.3 2000-09-09 Fusco-Femiano        A3667
7686      1.4 ACIS-I NONE    5.0 2007-06-23       Garmire    ABELL3667
6296      6.6 ACIS-I NONE   49.4 2005-06-19     Vikhlinin "Abell 3667"
6292      6.6 ACIS-I NONE   46.7 2005-06-10     Vikhlinin "Abell 3667"
5752      6.6 ACIS-I NONE   60.4 2005-06-12     Vikhlinin "Abell 3667"
6295      6.6 ACIS-I NONE   49.5 2005-06-15     Vikhlinin "Abell 3667"
5753      6.6 ACIS-I NONE  103.6 2005-06-17     Vikhlinin "Abell 3667"
5751      6.6 ACIS-I NONE  128.9 2005-06-07     Vikhlinin "Abell 3667"
513       3.4 ACIS-I NONE   44.8 1999-09-22        Murray "ABELL 3667"

% download_chandra_obsid 889,5751,7686
Downloading files for ObsId 889, total size is 246 Mb.

  Type     Format      Size  0........H.........1  Download Time Average Rate
  ---------------------------------------------------------------------------
  vvref    pdf       101 Mb  ####################           15 s  6935.5 kb/s
...
% % chandra_repro 889,5751,7686
Output directory (default = $indir/repro) (): 

Running chandra_repro
version: 25 November 2024
...



Images
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% reproject_obs 889,5751,7686 robs/
Running reproject_obs
Version: 20 October 2023
...

The merged event file:
     robs/merged_evt.fits

Warning: the merged event file robs/merged_evt.fits
   should not be used to create ARF/RMF/exposure maps because
      the RA_NOM keyword varies by 0.3310 (limit is 0.0003)
      the DEC_NOM keyword varies by 0.1254 (limit is 0.0003)
      the ROLL_NOM keyword varies by 260.3 (limit is 1.0)
      the SIM_Z keyword varies by 8.0 (limit is 0.1)
      the EXPTIME keyword contains: 3.1 3.2
        which means that the DTCOR value, and hence LIVETIME/EXPOSURE
        keywords are wrong
      the aim points fall on CCDs: 1 3
        which means that the ONTIME/LIVETIME/EXPOSURE keywords
        do not reflect the full observation length.

% flux_obs robs/ fobs/ bands=broad,csc
Running flux_obs
Version: 05 November 2021
...

Learning what warnings are 

important is a life skill...
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Merged Combined
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Alignment
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Resources

https://cxc.harvard.edu/ciao/merging/merge_central.html

https://cxc.harvard.edu/ciao/workshop/jan21/radial-to-smoothing.html

Center for Astrophysics | Harvard & Smithsonian

https://cxc.harvard.edu/ciao/merging/merge_central.html
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