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•  Nuclear Spectroscopic Telescope Array 
•  NASA small explorer mission 
•  First focusing hard X-ray space telescope
•  Currently in guest observer phase

What is NuSTAR?
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Proposals due 11 Dec !



Instrument Specs
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Instrument Specs
•  Energy range: 6 – 80 keV
•  Angular resolution:
» Half-Power Diameter: 44” 
» Sharp core of Point Spread Function: FWHM < 10”

•  Point source positioning accuracy: 1.5”
•  Field of view: 10’ at 10 keV, 6’ at 68 keV
•  Sensitivity (1 Ms, 3-sigma):
» 6 – 10 keV : 2 × 10-15 erg cm-2 s-1

» 10 – 30 keV : 1 × 10-14 erg cm-2 s-1
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Objects in the first release
•  The nustar master catalog: numaster

•  Samples:
» Mkn 421, 3C 273
» LMC X-4, SMC X-1
» GRS 1915+105
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http://heasarc.gsfc.nasa.gov/W3Browse/nustar/numaster.html
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Accessing data
•  Standard HEASARC interfaces: 
» Browse
» Xamin
» FTP

•  CALDB through HEASARC CALDB service
» Download (~800 MB, recommended)
» Web interface

•  The NuSTAR archive on heasarc:
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http://heasarc.gsfc.nasa.gov/docs/nustar/nustar_archive.html
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Alternate access
•  ASI Science data center: http://nustar.asdc.asi.it/
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Search “all” by object class
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NuSTARDAS

NuSTAR Data Analysis Software
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nupipeline extraction 
regions nuproducts RAW 

DATA

SCIENCE !
xselect, 
xspec…
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Getting started
•  Heasoft 6.17 (~ 350 MB source code)
» http://heasarc.gsfc.nasa.gov/docs/software/lheasoft/

•  NuSTAR CALDB files (~ 800 MB compressed)
» http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/

nustar/
•  Read the caveats:
» http://heasarc.gsfc.nasa.gov/docs/nustar/analysis/
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Guides
•  Quickstart guide – v1.1
» http://heasarc.gsfc.nasa.gov/docs/nustar/analysis/

nustar_quickstart_guide.pdf
•  Software manual – v1.8
» http://heasarc.gsfc.nasa.gov/docs/nustar/analysis/

nustar_swguide.pdf
•  FAQ:
» http://heasarc.gsfc.nasa.gov/docs/nustar/

nustar_faq.html
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Steps 1-2
•  Download and extract data
» Organized  by OBSID

•  Run nupipeline
» Run time estimates: 11 ksec data set: 2.5 min

•  Products:
» Cleaned event files (filtered for GTIs etc)
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Downloaded data
80002013024/auxil:
nu80002013024_att.fits  NUSTAR_TLE_ARCHIVE.txt.2013226
nu80002013024_orb.fits

80002013024/event_uf:
nu80002013024A_uf.evt  nu80002013024B_uf.evt

80002013024/hk:
nu80002013024A_dspx.fits  nu80002013024_chu123.fits
nu80002013024A_fpm.hk     nu80002013024_chu4.fits
nu80002013024B_dspx.fits  nu80002013024_eng.hk
nu80002013024B_fpm.hk     nu80002013024_met.fits
nu80002013024_ceb.hk      nu80002013024_obeb.hk
Varun Bhalerao (IUCAA) | NuSTAR Data Analysis 20
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nupipeline

nupipeline \
indir=./80002013024/ \
steminputs=nu80002013024 \
outdir=./80002013024/event_cl/
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Pipeline products
80002013024/event_cl/:
nu80002013024A01_cl.evt    nu80002013024B01_gti.fits
nu80002013024A01_gti.fits  nu80002013024B02_cl.evt
nu80002013024A02_cl.evt    nu80002013024B02_gti.fits
nu80002013024A02_gti.fits  nu80002013024B03_cl.evt
nu80002013024A03_cl.evt    nu80002013024B03_gti.fits
nu80002013024A03_gti.fits  nu80002013024B04_cl.evt
nu80002013024A04_cl.evt    nu80002013024B04_gti.fits
nu80002013024A04_gti.fits  nu80002013024B05_gti.fits
nu80002013024A05_gti.fits  nu80002013024B06_cl.evt
nu80002013024A06_cl.evt    nu80002013024B06_gti.fits
nu80002013024A06_gti.fits  nu80002013024B.attorb
nu80002013024A.attorb      nu80002013024B_bp.fits
nu80002013024A_bp.fits     nu80002013024B_det1.fits
nu80002013024A_det1.fits   nu80002013024B_fpm.hk
nu80002013024A_fpm.hk      nu80002013024B_hp.fits
nu80002013024A_hp.fits     nu80002013024B.mkf
nu80002013024A.mkf         nu80002013024B_oa.fits
nu80002013024A_oa.fits     nu80002013024B_uf.evt
nu80002013024_att.fits     nu80002013024_mast.fits
nu80002013024A_uf.evt      nu80002013024_psdcorr.fits
nu80002013024B01_cl.evt    nu80002013024_psd.fits_att.fits
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Steps 3-4
•  Select source and background regions
» DS9 or FV
» Background on same chip

•  Run nuproducts
» Run time estimates: 11 ksec data set: 2 × 1.5 min
» Once for each telescope

•  Products:
» PHA files, lightcurves, ARF, RMF…
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Select 
source and 
background 
regions

N u S T A R  Q u i c k s t a r t  g u i d e  5  

 

N u S T A R  S O C  -  C a l t e c h  

Extract ing a po in t  source spect rum and l ight -curve 
us ing nuproducts  
X-ray photons from a celestial source observed by NuSTAR should be visible (assuming sufficient exposure 
time!) in the NuSTAR detected X-ray events image generated by nupipeline stages 1 and 2.  

Note that level 2 calibrated and screened event files are available for each obsID directly from HEASARC in the 
archive   /event_cl   directory. These files were generated at the NuSTAR SOC with default parameter settings 
for nupipeline and so users wishing to examine observations generated with default calibration and screening can 
begin with this step. GIF files of the NuSTAR image, energy spectrum, and light-curve are also available for every 
obsID in the archive generated with 30 arcsec extraction at the J2000 position of the target (see table 2 below). 

All of the following notes are for analysis of point sources in the FPMA telescope and can be repeated for FPMB 
by replacing A with B in the file names. Extended source extraction and extended ARF generation is more 
sophisticated and requires the user to make educated choices that can be based on information in section 5 of 
the NuSTARDAS software guide and also obtained by running: 

fhelp nuproducts 

Assuming that nupipeline has been run and files are in the output directory ./out the image of events can be 
viewed using DS9. Go to the output directory: 

cd ./out 

Load the science mode level 2 event file into DS9: 

ds9 nu10012001002A01_cl.evt 

Make source extraction region files using DS9 by choosing a circular region of 30 arcsec radius centered on the 
source. 

 

Figure 2 - NuSTAR FPMA event image of obsID 10012001002 
(3C 273) and source extraction region displayed in DS9 

Fig. 2 shows the NuSTAR FPMA image 
of 3C 273 displayed in DS9. 

The location of X-ray events has been 
translated to sky coordinates in the 
image so the center of the region can be 
set to the J2000 coordinates of 3C 273 
or chosen to be located at the position of 
peak source brightness. 

The blue circle is the 30 arcsec radius 
source extraction circular region 
centered on the J2000 coordinates of the 
target. 

Use DS9 to save this region information 
in a file called source.reg in the 
./out directory. Choose the WCS 
coordinate system when saving region 
files. 

DS9 or FV
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nuproducts
nuproducts \
srcregionfile=source.reg \
bkgregionfile=bkg.reg \
indir=./80002013024/event_cl/ \
infile=./80002013024/event_cl/
nu80002013024A01_cl.evt \

instrument=FPMA \
steminputs=nu80002013024 \
bkgextract=yes \
outdir=./80002013024/event_cl/products
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Final products
ls products/
nu80002013024A01_bk.lc   nu80002013024A01_sk.img
nu80002013024A01_bk.pha  nu80002013024A01_sr.arf
nu80002013024A01_im.ps   nu80002013024A01_sr.lc
nu80002013024A01_lc.ps   nu80002013024A01_sr.pha
nu80002013024A01_ph.ps   nu80002013024A01_sr.rmf
nu80002013024A01_offaxishisto.fits
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Links
DATA: 
http://heasarc.gsfc.nasa.gov/W3Browse/nustar/numaster.html
http://nustar.asdc.asi.it/

Software:
http://heasarc.gsfc.nasa.gov/docs/software/lheasoft/
http://heasarc.gsfc.nasa.gov/docs/heasarc/caldb/nustar/

Methods:
http://heasarc.gsfc.nasa.gov/docs/nustar/analysis/
http://heasarc.gsfc.nasa.gov/docs/nustar/nustar_faq.html
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