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Capella: ACIS-S + HETG Raw Detector Image Color CodedCapella: ACIS-S + HETG Raw Detector Image Color Coded

overlapping spectral orders 
separation 

complicated geometry – 
need precise zero order 
location

wavelength scale sensitive 
to details of chip geometry

background different on 
each chip

overlapping spectral orders 
separation 

complicated geometry – 
need precise zero order 
location

wavelength scale sensitive 
to details of chip geometry

background different on 
each chip



Chandra Users

6

users with different science goals …

•estimate the X-ray flux of my favorite object  
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•assess reality of a marginal detection (3 photons 
at the position of a gamma-ray burst) 
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solar system objects)
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→ A set of Unix command line tools 
and Python applications

→ Shares code with standard 
processing pipeline

→ Allows Chandra instrument 
specific data reduction

→ Tailored to specialized X-ray 
astronomy data analysis, but not 
specific to Chandra

→ Coded with attention to standards 
and interoperability so that 
generic tools can be (and are!) 
used for XMM, Nustar, and even 
optical and radio data (e.g. 
multiwavelength analysis)

→ Easy for beginners, yet powerful 
for advanced users

→ Linux and Mac, annual releases

→ Installed 1200+ times per year 
(single users to large institutions)



CIAO: supports users from proposal to publication

8

Tools for data discovery and access
Command line programs to complement the Archive and Catalog 
searches

Tools for data discovery and access
Command line programs to complement the Archive and Catalog 
searches

Tools for data inspection and exploration
         What is this dataset? How many photons? What instrument 
configuration? Quick look visualization...

Tools for data inspection and exploration
         What is this dataset? How many photons? What instrument 
configuration? Quick look visualization...

Tools for data reduction
Apply latest calibrations to observation
Locate sources and measure their properties (position, brightness)
For each source, generate tailored calibration files (e.g. spectral 
calibration)

Tools for data reduction
Apply latest calibrations to observation
Locate sources and measure their properties (position, brightness)
For each source, generate tailored calibration files (e.g. spectral 
calibration)

Tools for interactive data analysis
'sherpa' –  1D and 2D modeling and fitting
Python environment – familiar to the new 
generation of astronomers and used in other 
missions

Tools for interactive data analysis
'sherpa' –  1D and 2D modeling and fitting
Python environment – familiar to the new 
generation of astronomers and used in other 
missions

Tools to prepare for publication
’ChIPS' – publication quality graphics 
integrated with the analysis system

Tools to prepare for publication
’ChIPS' – publication quality graphics 
integrated with the analysis system

e.g. find_chandra_obsid,
download_chandra_obsi
d, search_csc

e.g. find_chandra_obsid,
download_chandra_obsi
d, search_csc

e.g. ds9, prism, dmlist, 
dmstat, dmcopy
e.g. ds9, prism, dmlist, 
dmstat, dmcopy

e.g. dmextract, 
wavedetect, specextract, 
srcflux, fluximage 

e.g. dmextract, 
wavedetect, specextract, 
srcflux, fluximage 

Tools for proposal planning
Assessing feasibility and examining Chandra field-of-view

Tools for proposal planning
Assessing feasibility and examining Chandra field-of-view

e.g. obsvis, coldene.g. obsvis, colden



Documentation and Community Support

9

Documentation

•Science-task-oriented step-by-step, end-to-end  analysis 
'threads'  (170+)
•1000 help files for individual tools, concepts
•Over 2000 web pages including FAQ, plot galleries, 
dictionaries, caveats and bug notes etc.
•You Tube tutorials
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Address users’ needs if/as resources allow…

Critical maintenance
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Wrap laborious thread analysis 
steps with a single command 
line script

Handle the various special 
cases by inspecting the 
metadata in the data files

Scripts have parameters which 
allow the expert user to tune 
them

This new suite of scripts 
makes analysis quicker
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programs with easy interfaces 
– particularly helpful for users 
who are not X-ray astronomy 
specialists.

Recent emphasis on high level 
programs with easy interfaces 
– particularly helpful for users 
who are not X-ray astronomy 
specialists.



Calculating Source Flux

13

What is the X-ray flux 
of this source?

What is the X-ray flux 
of this source?
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Three-color image of 41 combined  
ACIS-I observations (0.5-7 keV) 

Produced with four “simple” 
commands

1.find and download the data

2.reprocess the observations

3.create the combined, exposure 
corrected images            

%merge_obs “*evt2.fits” 
combined_data

4.create the three-color image to 
display

Eta Carinae 
Nebula
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M82 - SN 
2014j

Combined 21 ACISobservations from 1999 to 2013 
Created three color closeup image of central region
Allows setting upper limit to flux at SN location (ATel 
#5798)
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Modeling and fitting for 1-D and 2-D
datasets in any waveband including: 
spectra, images, surface brightness 
profiles, light curves, general ASCII data.
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 comes with well-tested, robust optimization methods - 
e.g. Levenberg-Marquardt, Nelder-Mead Simplex or Monte  
Carlo/Differential Evolution

 comes with statistics for modeling Poisson or Gaussian data

 can perform Bayesian analysis with Poisson Likelihood and 
priors, using Metropolis or Metropolis-Hastings algorithm in 
the MCMC (Markov-Chain Monte Carlo); allows to include 
non-linear systematic errors (calibration uncertainties) in the 
analysis

 is extensible (with python and compiled code):
o is used in CIAO tools and scripts
o in the Xija Chandra thermal modeling code
o is used in the TeV HESS data analysis software
o is used in the IRIS spectral energy distribution program



CIAO continues to support Chandra science
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2013-14 Press Release Images

CIAO DownloadsCIAO Downloads
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