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0.5-7.0 keV
 330 MHz
1.4 GHz



X-ray Imaging                                                                     Michael Wise

2nd School on Multi-wavelength Astronomy, 06 July 2010ITN Black Hole Universe

4

Overview

• X-ray data (event files, filtering, and binning)

• Standard re-processing (bad aspect, flares, CTI correction, etc.)

• Imaging point sources (counts images, flux images, backgrounds)

• Image analysis (PSFs, region files, detection, spectral analysis)

• Imaging diffuse emission (Exposure maps, profile fitting, etc.)

Chandra data (XMM, Suzaku, etc..)
CIAO and HEASoft
ACIS (HRC, EPIC, etc.)

⇒Caveats
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X-ray Data and Instruments 

• Instruments are photon counting (small number statistics)
• Instruments are broad-band (strong energy dependent response)
• Grazing incidence optics  (PSF degrades rapidly off axis)
• Operate in space (Flares, radiation damage, aspect, etc.)

More information on each photon (x, y , E, t)⇒Advantage



X-ray Imaging                                                                     Michael Wise

2nd School on Multi-wavelength Astronomy, 06 July 2010ITN Black Hole Universe

6

X-ray Event Files

• Fundamental data product

• Equivalent to optical images, 
radio visibilities, etc.

• Table of event properties

• Each “event” is a possible 
detected photon

• Will also contains spurious 
events that must be filtered

X-ray images are 
binned event lists

⇒
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Standard Reprocessing
• Apply time dependent gain correction (PHA to ENERGY/PI)
• Correct for CTI in your data (especially for FI chips)
• Apply the L2 filters (cosmic rays, bad pixels, etc.)
• Filter out time intervals containing strong flares, bad aspect
• Apply energy filter from 0.3-7.0 eV (reduce background)
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Level 1 Event FilesNode boundaries Bad columns

Bad pixels

Sources!
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Level 2 Event Files

More
Sources

PSF degraded for 
off-axis sources

Chip gaps

Higher 
background
on BI CCD
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Background Flares

Quiescent Flare

BI Quiescent

FI Quiescent

Filter out using dmcopy ⇒
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The Aspect Solution

Sky Coordinates Detector Coordinates
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The Aspect Solution

• During an observation, 
Chandra's optical axis 
describes a “dither pattern” 
on the sky

• The RA, Dec, and roll angle 
of the telescope versus time 
is called the “aspect 
solution”

• The aspect solution is used 
to reconstruct the image  

Blurry image!⇒Bad aspect

20”



X-ray Imaging                                                                     Michael Wise

2nd School on Multi-wavelength Astronomy, 06 July 2010ITN Black Hole Universe

13

PSF Variations

16 arcmin
off-axis
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Off-Axis Angle PSF Variations

Chandra Ray Tracer (ChaRT):  http://cxc.harvard.edu/chart    

6.4 keV1.49 keV

http://cxc.harvard.edu/chart
http://cxc.harvard.edu/chart
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PSF Variations with Energy
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CCD Photon Pileup
Two or more photons arriving within 
a CCD readout time are read out as 
a single event

Δtread

Δtread
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The Spectral Effects of Pileup

Monochromatic Source
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Spatial Effects of Pileup
• Spectrum becomes harder

• Surface brightness is suppressed

• PSF becomes broader 
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Mitigating the Effects of Pileup

• Offset pointing
• Shorter readout time
• CCD sub-arrays

• Turn off some CCDs
• Insert the gratings!

If you can’t avoid it,
include it in your fit!
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Spatial and Spectral Analysis

Don't make an image too quickly.
Binning the data loses information.

⇒Advice

• Spatial analysis (lose time and energy information)

- Create and display images: dmcopy, ds9

- Create instrument maps: mkinstmap
- Create exposure maps: mkexpmap

• Spectral analysis (lose time and spatial information)

- Extract spectra using: dmextract

- Create instrument responses: mkacisrmf
- Create effective area: mkwarf

• Temporal analysis (lose energy and spatial information)

- Extract light curves using: dmextract

CCD light curves

Counts image
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Instrument and Exposure Maps
Aspect solution Instrument maps = mirror area x detector QE

⊗

Exposure maps gives total effective
area over the  observation [cm2 x sec ]

(see Davis 2001, ApJ, 548, 1010)
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 Exposure Corrected Images
Counts Background

Exposure Flux



X-ray Imaging                                                                     Michael Wise

2nd School on Multi-wavelength Astronomy, 06 July 2010ITN Black Hole Universe

23

• Create counts image of field    [dmcopy]
• Create instrument map for each chip    [mkinstmap]
• Create exposure map for each chip    [mkexpmap]
• Combine single exposure maps    [dmregrid]
• Divide counts image by exposure map    [dmimgcalc]

Counts Flux

 Exposure Corrected Images

Exposure Map
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Isolated source
Local background

Confused source
Non-local background
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“Blank-sky” Background Files
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Region Files

• Create with wavdetect, vtpdetect

• Create by hand: ds9

• Use with CIAO tools: dmcopy, 
dmextract, dmstat, etc.
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• Find and remove point sources
• Define annular regions 
• Extract counts in each annulus
• Cut point source regions from exp. map
• Extract exposure in each annulus
• Divide counts by exposure
• Fit  β  model to profile

Tools: dmcopy, ds9, dmextract, 
           dmtcalc, sherpa

Surface Brightness Profiles
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• dmextract infile=”evt2.fits[sky=circle(4024.0,4240.0,300.0)][bin pi]” \
          outfile=“spect.pi” wmap="det=8"  

• Find and remove point sources
• Extract spectrum (and background)
• Create weighted ARF
• Create weighted RMF
• Correct ARF for contamination
• Define model and fit
• Save fitted spectrum

Procedure

• wavdetect, dmcopy
• dmextract
• mkwarf
• mkacisrmf
• sherpa

Tools

 Spectral Analysis
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• Cut out point sources   [dmcopy]
• Define annuli (equal counts?)   [ds9, sherpa] 
• Create spectrum and weighted RMF/ARF

for each annulus   [dmextract, mkacisrmf, mkwarf]
• Define spectral model   [sherpa] 
• Repeat spectral fit for each annulus

 Imaging Spectroscopy
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Deprojected spectral analysis

• Calculate volume fractions
• Define custom spectral model
• Fit data from all shells simultaneously
• Coming soon to a thread near you

R
T 

(k
eV

) Observed

Actual

Problem: Projected spectra contain contributions
                for all annuli along line of sight
    Effect: Measured <T> higher than true value

For an assumed geometry, one can calculate the partial volumes, 
Vij , which contribute to any projected annulus

Solution:
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• Map is just many spectral fits
• Define grid of boxes containing counts
• Extract spectrum, calculate RMF/ARF for each box
• Fit model at each grid point
• Write out fit parameters as a function of position
• Can map any fit parameter

103-104 fits

CPU intensive

Distributed 
processing

2D Spectral Mapping

2E-07 4E-07 6E-07 8E-07 1E-06
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Online Documentation

http://cxc.harvard.edu/ciao/threads
http://cxc.harvard.edu/ciao/guides
http://cxc.harvard.edu/ciao/why

• CIAO documentation online:

• Tutorials

• Guides

• Step-by-step instructions

http://cxc.harvard.edu/ciao/guides/
http://cxc.harvard.edu/ciao/guides/
http://cxc.harvard.edu/ciao/why
http://cxc.harvard.edu/ciao/why
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The End


