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(quick) overview of the telescope and instrument 
capabilities (Chandra/ACIS); 

data acquisition & architecture: archive, file format; 

data reduction & manipulation: reprocessing, filtering, 
binning; 

obtain the science products for your analysis: images, 
spectra, lightcurves;



(quick) overview of the telescope and instrument 
capabilities (Chandra/ACIS); 

data acquisition & architecture: archive, file format; 

data reduction & manipulation: reprocessing, filtering, 
binning; 

obtain the science products for your analysis: images, 
spectra, lightcurves;



http://cxc.harvard.edu



Best spatial resolution of any X-ray satellite: ~1” (Hubble 
~0.1”, next best X-ray satellite, XMM-Newton ~10”, ROSAT 
~5”); 
good energy range (300 eV – 9 keV) & resolution (E/ΔE ~5 – 
40); 
best energy resolution (Gratings) of any X-ray satellite: E/
ΔE~1400 – 200 (Radio & Hubble ~20,000, next best X-ray 
satellite, XMM-Newton ~ 500 – 40); 
largest dynamic flux range of any satellite ever flown:11 
orders of magnitude; 10-18 – 10-7 erg cm-2 s-1.

Strengths…



8 Chapter 1. Mission Overview

Figure 1.3: Comparison of the on-axis e↵ective areas for observing a point source
(integrated over the PSF) of the HRMA/HRC-I, the HRMA/ACIS(FI), and the
HRMA/ACIS(BI) combinations. The ACIS curves show the predicted values for the mid-
dle of Cycle 20.
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34 Chapter 4. High Resolution Mirror Assembly (HRMA)

Figure 4.1: The four nested HRMA mirror pairs and associated structures.

Table 4.1: Chandra HRMA Characteristics
Optics Wolter Type-I
Mirror coating Iridium (330 Å, nominal)
Mirror outer diameters (1, 3, 4, 6) 1.23, 0.99, 0.87, 0.65 m
Mirror lengths (Pn or Hn) 84 cm
Total length (pre- to post-collimator) 276 cm
Unobscured clear aperture 1145 cm2

Mass 1484 kg
Focal length 10.070± 0.003 m
Plate scale 48.82± 0.02 µm arcsec�1

Exit cone angles from each hyperboloid:
✓c (1, 3, 4, 6) 3.42�, 2.75�, 2.42�, 1.80�

✓d (1, 3, 4, 6) 3.50�, 2.82�, 2.49�, 1.90�

f-ratios (1, 3, 4, 6) 8.4, 10.4, 11.8, 15.7
PSF FWHM (with detector) < 0.500

E↵ective area: @ 0.25 keV 800 cm2

@ 5.0 keV 400 cm2

@ 8.0 keV 100 cm2

Ghost-free field of view 300 diameter

…and weaknesses



Ideal to study extended X-ray sources:

and to detect sources in very low-count 
regime: 5 counts may be a detection!

Young Radio Sources 9
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Fig. 2.— Smoothed ACIS-S images
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• ACIS simultaneously acquire high-resolution images and 
moderate resolution spectra

• ACIS-I is comprised of front-illuminated (FI) CCDs. 
ACIS-S is comprised of 4 FI and 2 back-illuminated (BI) 
CCDs

• ACIS-I is better when wider field (16'x16') and/or higher 
energy response is needed; ACIS-S imaging is better 
when low energy response is preferred and a smaller 
(8'x8')  field of view is sufficient

• The BI S3 chip is at the best focus position and is 
normally used for ACIS-S imaging observations.

ACIS-I

ACIS-S

Advance CCD Imaging Spectrometer (ACIS)



(quick) overview of the telescope and instrument 
capabilities (Chandra/ACIS); 

data acquisition & architecture: archive, file format; 

data reduction & manipulation: reprocessing, filtering, 
binning; 

obtain the science products for your analysis: images, 
spectra, lightcurves;



How/Where to get the data: 
Chandra X-ray Archive

One call for observing time per year  
(deadline around March 15, depending on weather conditions..): 

submit your proposal! 

…and wait… 

Proposals are evaluated by panels (divided by topic: AGN, clusters, 
stars..) at the end of June 

…and wait… 

results are released between July and August 

…nope, my proposal has been rejected this time: 
what do I do? 

http://cxc.cfa.harvard.edu/proposer/



How/Where to get the data: 
Chandra X-ray Archive

http://cxc.harvard.edu/cda/http://cxc.harvard.edu/



How/Where to get the data: 
Chandra X-ray Archive



How/Where to get the data: 
Chandra X-ray Archive

the archive provides important 
informations on the observations 
(instrument settings/date of the 

observation & exposure time/last 
data processing date..)



to download the data

1)

2)

3)

How/Where to get the data: 
Chandra X-ray Archive



(quick) overview of the telescope and instrument 
capabilities (Chandra/ACIS); 

data acquisition & architecture: archive, file format; 

data reduction & manipulation: reprocessing, filtering, 
binning; 

obtain the science products for your analysis: images, 
spectra, lightcurves;



http://cxc.harvard.edu/ciao/

How to reduce and analyzed Chandra data: 
CIAO software



http://cxc.harvard.edu/ciao/

How to reduce and analyzed Chandra data: 
CIAO software

Calibration DataBase 
(CALDB): Chandra calibration 

data used by CIAO to process the 
observation files. Constantly 

updated (http://cxc.harvard.edu/
caldb/)

Modeling&Fitting of 1-D and 
2-D datasets (spectra and images), 

similar to Xspec

Plotting package

Image viewer and quick 
analysis

Chandra Ray Tracer: 
simulates the best available point 

spread function depending on 
energy and off-axis angle

simulate the on-orbit 
performance of Chandra

http://cxc.harvard.edu/caldb/
http://cxc.harvard.edu/caldb/


1) Initialize CIAO:

2) search for data (alternative to go to the Chandra archive):

3) create your working directory and download the data:

DATA ACQUISITION WITH CIAO 



data are stored in two 
directories:  

scientific & housekeeping 
files

primary:  
evt2.fits : Level 2 event file, fully calibrated, fully filtered primary science 

product.
! asol1.fits : Level 1 aspect solution file(s). Time resolved pointing information.

! bpix1.fits : Level 1 bad pixel file
! fov1.fits : Level 1 field-of-view file.

secondary:  
! evt1.fits : Event file, fully calibrated unfiltered event file. Used when reprocessing.
! msk1.fits : Mask file to identify active part of detector
! flt1.fits : Good time interval based on mission time line parameters

! mtl1.fits : Mission time line. Important science and engineering values vs time

http://cxc.cfa.harvard.edu/ciao/data_products_guide/



● The event file is in FITS (flexible image transport system) format; 
● A single Chandra file can contain multiple “datasets” (e.g. data, Good 

Time Intervals, weight map, regions) which are stored in “blocks”.  
● Blocks can contain image or table data. 
● the event file can be though as a 4-D array which stores for each event 

the informations about energy, position and time; 
● however in practice it is more complicate and there are more 

parameters (multiple coordinate systems, times, channels/energy); 
● CIAO tools to explore FITS files (dmlist, dmstat..) or fv ( an heasarc 

package)

acisf00827N003_evt2.fits
instrument

f=flight

Observation ID

file revision

content (=event) 
& level

format

FILE FORMAT 



sapmcm127:repro gmiglior$ plist dmlist 

Parameters for /Users/gmiglior/cxcds_param4/dmlist.par 

        infile = acisf00827N003_evt2.fits Input dataset/block specification 
           opt = header           Option 
      (outfile = )                Output file (optional) 
         (rows = )                Range of table rows to print (min:max) 
        (cells = )                Range of array indices to print (min:max) 
      (verbose = 0)               Debug Level(0-5) 
         (mode = ql)               

dmlist event_file.evt   opt=subspace(/header/blocks/cols/data)

DATA REDUCTION & ANALYSIS WITH CIAO 



Data reprocessing: chandra_repro
sapmcm127:3C219 gmiglior$ chandra_repro 
Input directory (./): 827 
Output directory (default = $indir/repro) ():  
……. 
Resetting afterglow status bits in evt1.fits file... 

Running acis_build_badpix and acis_find_afterglow to create a new bad pixel 
file... 

Running acis_process_events to reprocess the evt1.fits file... 
Filtering the evt1.fits file by grade and status and time... 
Applying the good time intervals from the flt1.fits file... 
The new evt2.fits file is 

- removal of hot pixels or afterglows acis_run_hotpix 
- creation of a new event file acis_process_events 
- run destreak in case the ACIS-S4 chip (ccd_id=8) has been used 
- filtering for bad grades and application of Good Time Intervals (GTI) creation the background light curve  

http://cxc.cfa.harvard.edu/ciao/ahelp/chandra_repro.html



Filtering & Binning

punlearn dmcopy  
dmcopy "acisf00827_repro_evt2.fits[energy=300:7000]" evt_repro_0.3_7.0keV.fits  

http://cxc.cfa.harvard.edu/ciao/threads/filter/

Energy filter:

full energy band 0.3-7 keV

http://cxc.cfa.harvard.edu/ciao/download/doc/dmuser1.ps



Filtering & Binning

dmcopy "evt_repro_0.3_7.0keV.fits[bin x=::4,y=::4]" evt_repro_0.3_7.0keV_binsz4.img 

http://cxc.cfa.harvard.edu/ciao/threads/filter/

Spatial binning:

http://cxc.cfa.harvard.edu/ciao/download/doc/dmuser1.ps



(quick) overview of the telescope and instrument 
capabilities (Chandra/ACIS); 

data acquisition & architecture: archive, file format; 

data reduction & manipulation: reprocessing, filtering, 
binning; 

obtain the science products for your analysis: images, 
spectra, lightcurves;



Imaging with ds9

logarithmic scale zoom in 
& adjust the color (e.g. b)

filtering/binning can be done going to:
bin=>binning parameters

(energy filter in eV)

pixel value
Detector/Image


coordinates
SKY coordinates

http://cxc.cfa.harvard.edu/ciao/threads/ds9/

ds9 evt_repro_0.3_7.0keV.fits &



smoothing:  
• means to substitute the value 

of each pixel for the value 
obtained by weighting the 
pixels nearby with a given 
function (generally a Gaussian); 

• useful to identify extended 
emission.

Imaging



How to obtain the spectrum of the source (and 
background): selection of the extraction region 

http://cxc.cfa.harvard.edu/ciao/threads/pointlike/



The Point Spread Function varies 
with the source’s spectral energy 

distribution and the position in the 
telescope field of view

0.92 keV

1.56 keV

3.8 keV

9.6’0’ 2.4’ 4.7’

Encircled Energy Fraction: 
• the fraction of flux from a point source 

contained within a given radius at a 
given energy (~90% of photons of a 
point source fall within a 1” radius);


• gives an indication on the dimension 
of the source extraction region for a 
spectrum.

http://cxc.cfa.harvard.edu/ciao/PSFs/psf_central.html



Read-out streak: the streak 
photons are clocked out in the 
wrong row and so have incorrect 
CHIPY values (http://
cxc.cfa.harvard.edu/ciao/threads/
acisreadcorr/)

Pile-up: when the source’s 
count rate is high, two photons 
or more photons falling on the 
same pixel may be read as one 
single event (with energy equal 
to the sum of the two photons). 

http://cxc.cfa.harvard.edu/ciao/download/doc/pileup_abc.pdf



Effects of the Pile-up: 
• distortion of the source spectrum: the source spectrum will appear harder/flatter than in reality;

• pulse saturation: if the energy of the summed photon is higher than a certain threshold (~13 keV), 

the event is rejected => may generate “holes” in the images; 

• underestimate of the actual count rate.

no pileup 

 pileup 
grade migration  
parameter  α=0.5 

Pileup two major effects are: 
 
ENERGY MIGRATION photon energies sum to create a detected event with 
higher energy 
 
GRADE MIGRATION event grades migrate towards values inconsistent with 
real photon events. 

- net decrease of the  
observed count rate 
 
- net decrease in the 
fractional rms variability of 
the lightcurve 
       

spectral shape of the 
source distorted 

How to avoid or limit pile-up issues: 
• before the observation: 1-reduce the frame read-out time by selecting sub-arrays; 2- reduce the 

source effective area  by using the diffraction gratings; 3- place the source off-axis;

• after the observation: 1- extract the spectrum from an annulus region (excluding the inner region 

of the source); 2- include a pile-up model in your spectral model (included in XSPEC); 3- extract 
the spectrum from the read-out streak 


http://cxc.cfa.harvard.edu/ciao/download/doc/pileup_abc.pdf



Pile-up estimation with PIMMS 

http://cxc.cfa.harvard.edu/toolkit/pimms.jsp



How to obtain the spectrum of the source (and 
background): source extraction region 

save the region as src.reg 
N.B. the format & coordinate system 

of the .reg file

http://cxc.cfa.harvard.edu/ciao/threads/regions/



How to obtain the spectrum of the source (and 
background): bkg extraction region 

● one or multiple region(s) in 
the field; 

● on the same ccd; 
● free from field sources; 
● save it as bkg.reg 

(remember: format=CIAO; 
coord. system=physical)

sapmcm127:repro gmiglior$ more src.reg  
circle(4142.5,4039.501,6.0975609) 
sapmcm127:repro gmiglior$ more bkg.reg  
circle(4310.5,4040.501,36.462573) 
circle(3968,4030,43.488126)



sapmcm127:repro gmiglior$ punlearn specextract 
sapmcm127:repro gmiglior$ pset specextract 
infile="acisf00827_repro_evt2.fits[sky=region(src.reg)]" 
sapmcm127:repro gmiglior$ pset specextract 
bkgfile="acisf00827_repro_evt2.fits[sky=region(bkg.reg)]" 
sapmcm127:repro gmiglior$ pset specextract weight=no 
sapmcm127:repro gmiglior$ pset specextract correctpsf=yes 
sapmcm127:repro gmiglior$ pset specextract asp=pcadf087648241N003_asol1.fits  
sapmcm127:repro gmiglior$ specextract

How to obtain the spectrum of the source (and 
background): specextract for a point source

http://cxc.cfa.harvard.edu/ciao/threads/pointlike/

● run the script “specextract”:

• dmextract: to extract source and (optionally) background spectra. This tool also creates the WMAP 
used as input to mkacisrmf.

• mkarf: to create ARF(s).
• arfcorr: to apply an energy-dependent point-source aperture correction to the source ARF file.
• mkrmf or mkacisrmf: to build the RMF(s), depending on which is appropriate for the data and the 

calibration; see the Creating ACIS RMFs why topic for details.
• dmgroup: to group the source spectrum and/or background spectrum.
• dmhedit: to update the BACKFILE, RESPFILE and ANCRFILE keys in the source and background 

spectrum files.

● “specextract” runs all the following steps:

for point-like sources

http://cxc.cfa.harvard.edu/ciao/ahelp/dmextract.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkarf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/arfcorr.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/why/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmgroup.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmhedit.html


Response function= RMF x ARF
1. The Redistribution Matrix File (RMF): encapsulates the mapping between the physical properties of 

incoming photons (such as their energy) and their detected properties (such as detector pulse heights 
or PHA) for a given detector. For X-ray spectral analysis, the RMF encodes the probability R(E,p) that a 
detected photon of energy E will be assigned to a given channel value (PHA or PI) of p. 

2. The Auxiliary Response File (ARF): includes information on the effective area, filter transmission and 
any additional energy-dependent efficiencies, i.e. the efficiency of the instrument in revealing 
photons



sapmcm127:repro gmiglior$ punlearn specextract 
sapmcm127:repro gmiglior$ pset specextract 
infile=“acisf00827_repro_evt2.fits[sky=region(jet.reg)]" 
sapmcm127:repro gmiglior$ pset specextract 
bkgfile="acisf00827_repro_evt2.fits[sky=region(bkg.reg)]" 
sapmcm127:repro gmiglior$ pset specextract weight=yes 
sapmcm127:repro gmiglior$ pset specextract correctpsf=no 
sapmcm127:repro gmiglior$ pset specextract asp=pcadf087648241N003_asol1.fits  
sapmcm127:repro gmiglior$ specextract

How to obtain the spectrum of the source (and 
background): specextract for a, extended source

● run the script “specextract”:

• dmextract: to extract source and (optionally) background spectra. This tool also creates the WMAP 
used as input to mkacisrmf.

• sky2tdet: to create the WMAP input for mkwarf.
• mkwarf: to create weighted ARF(s).
• mkrmf or mkacisrmf: to build the RMF(s), depending on which is appropriate for the data and the 

calibration; see the Creating ACIS RMFs why topic for details.
• dmgroup: to group the source spectrum and/or background spectrum.
• dmhedit: to update the BACKFILE, RESPFILE and ANCRFILE keys in the source and background 

spectrum files.

● “specextract” runs all the following steps:

for extended sources the ARF 
is weighted depending on how 
much flux fell onto bad pixels/

columns etc 

http://cxc.cfa.harvard.edu/ciao/threads/extended/

http://cxc.cfa.harvard.edu/ciao/ahelp/dmextract.html
http://cxc.cfa.harvard.edu/ciao/ahelp/sky2tdet.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkwarf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/why/mkacisrmf.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmgroup.html
http://cxc.cfa.harvard.edu/ciao/ahelp/dmhedit.html


> punlearn combine_spectra 
-> pset combine_spectra src_spectra=obs1843.pi,obs1842.pi 
-> pset combine_spectra outroot=spec_combined 
-> pset combine_spectra src_arfs=…  
-> pset combine_spectra src_rmfs=... 
-> pset combine_spectra bkg_spectra=…(optional) 
-> pset combine_spectra bkg_arfs=…(optional) 
-> pset combine_spectra bkg_rmfs=... (optional) 
-> pset combine_spectra bscale_method=… options: asca/time/counts  
-> combine_spectra verbose 2 

How to combine multiple spectra

● if you have multiple observations of the same target, you can: 1- co-add the spectra 
obtained from the single observations or.. 2- simultaneously fit the spectra (in Xspec):

In case of long list of files to be summed up: @namefile 
Example: pset combine_spectra src_spectra=@list_spectra 

http://cxc.cfa.harvard.edu/ciao/threads/coadding/



https://ned.ipac.caltech.edu/classic

How to compare the X-ray and radio morphology



How to compare the X-ray and radio morphology



How to compare the X-ray and radio morphology



sapmcm127:repro gmiglior$ ds9 evt_repro_0.3_7.0keV.fits 3C_219-I-1.5GHz-lbs2003.fits.gz &

How to compare the X-ray and radio morphology



● in the radio image frame 
go to Analysis=>contour 
parameters; 

● several ways of define the 
contours: for ex. from the 
peak of the emission or 
based on the rms; 

● generate the contours and 
the apply them 

● in File menu=> copy 
contours (or save them); 

● change to the X-ray frame; 
● in the contour parameters: 

File=>paste contours (or 
load them)

How to compare the X-ray and radio morphology



How to compare the X-ray and radio morphology

the same can be done in other wavelengths (optical, IR, mm…)dmcopy "evt_repro_0.3_7.0keV.fits[bin x=::2,y=::2]" evt_repro_0.3_7.0keV_binsz2.img



3) extract the lightcurve (background subtracted) 

     >punlearn dmextract   
     >pset dmextract infile="acisf00953N003_evt2.fits 
       [ccd_id=3,sky=region(src2.reg)][bin time= : : 2000]" 
     >pset dmextract outfile="src_sub_lc.fits" 
     >pset dmextract bkg="acisf00953N003_evt2.fits 
       [ccd_id=3,sky=region(bkg.reg)]" 
     >pset dmextract opt="ltc1" 
     >dmextract 

How to extract a lightcurve 

1) select a source and background region 

2) identify the ccd 

     > punlearn dmstat 
     > dmstat "acisf00953N003_evt2.fits[sky=region(src1.reg)][cols ccd_id]" 

MIN:MAX:STEP 



Chips provided by CIAO


The ftool lcurve 

There are several ways to visualize a light curve. Here are two examples:



