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Overview	
  
	
  
§ Why	
  NuSTAR?	
  

§  NuSTAR	
  Performance	
  

§  Instrument	
  
•  Optics	
  
•  Focal	
  Plane	
  
•  Mast	
  

§  NuSTAR	
  Science	
  

§  Launch/Status	
  

NASA Small Explorer (SMEX) mission 
Launched on 13 June 2012 
Pegasus XL rocket out of Kwajalein Atoll 
PI:  Fiona Harrison (Caltech) 
Program management: Jet Propulsion Lab 
 
additional information: 
http://www.nustar.caltech.edu/ 
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NuSTAR	
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Pegasus XL launch 
     13 June 2012 

10-m mast deployment 
    21 June 2012 

§ 375 kg weight 
§ 725 watts from solar panels 
§ 6o inclination,  638 km x 621 km, 
97 minute period 
§ low background 
§ 55% observing efficiency 2-year baseline science mission 

Science operations center (Caltech) 

Science team 

Mission operations center (UCB) 

Science Archive 
(HEASARC ) 

TDRSS ASI/Malindi 
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NuSTAR	
  performance	
  
	
  

FA Harrison et al. Proc SPIE ,7732, (2010) 

Energy Range:	

 5-80 keV	



Angular Resolution:	


<60 arcsec (HPD,reqrnt)	


~10 arcsec (FWHM)	



Field of  View:	


12.5 x 12.5 arcmin	


two 4x(32x32) CdZnTe arrays	



Spectral Resolution:	


1.0 keV at 60 keV	


0.6 keV at   6 keV	



Sensitivity	


(3σ, 1 Ms):	



3.0 x 10-15 erg/cm2/s (6-10 
keV)	


1.2 x 10-14 erg/cm2/s (10-30 
keV)	



Timing Resolution:	


100 μsec relative	


30 msec absolute	



ToO Response:	


<24 hr req’t (6-8 hr typical)	


85% sky accessible at all times	



Launch:	

 June 13, 2012	



Orbit:	


6 degree inclination	


638 km x 621 km	


97 min period	



Mission Lifetime:	


Orbit Lifetime:	



2 years baseline	


~10 years orbit lifetime	
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NuSTAR	
  performance	
  
	
  

Satellite/Instr. Sensitivity 

INTEGRAL-ISGRI ~0.5 mCrab (20-100 keV) 
with >Ms exposures  

Swift-BAT ~0.8 mCrab (15-150 keV) 
with >Ms exposures 

NuSTAR ~0.8 µCrab(10-40 keV) in 
1 Ms FA Harrison et al. Proc SPIE ,7732, (2010) 

Energy Range:	

 5-80 keV	



Angular Resolution:	


<60 arcsec (HPD,reqrnt)	


~10 arcsec (FWHM)	



Field of  View:	


12.5 x 12.5 arcmin	


two 4x(32x32) CdZnTe arrays	



Spectral Resolution:	


1.0 keV at 60 keV	


0.6 keV at   6 keV	



Sensitivity	


(3σ, 1 Ms):	



3.0 x 10-15 erg/cm2/s (6-10 
keV)	


1.2 x 10-14 erg/cm2/s (10-30 
keV)	



Timing Resolution:	


100 μsec relative	


30 msec absolute	



ToO Response:	


<24 hr req’t (6-8 hr typical)	


85% sky accessible at all times	



Launch:	

 June 13, 2012	



Orbit:	


6 degree inclination	


638 km x 621 km	


97 min period	



Mission Lifetime:	


Orbit Lifetime:	



2 years baseline	


~10 years orbit lifetime	
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NuSTAR	
  Optics	
  
	
  

Graphite 
Spacers 

Gap Between 
Sectors 

30o  
Sector 

60o  
Sector 

Intermediate 
Mandrel 

Inner Base 
Mandrel 

Outer 
Cover 

Number	
  of	
  telescopes	
   2	
  
Focal	
  Length	
   10.15	
  m	
  
Shell	
  Radii	
   51–191	
  mm	
  
Graze	
  Angles	
   0.074–0.224°	
  
Shell	
  Length	
   225	
  mm	
  
Mirror	
  Thickness	
   0.22	
  mm	
  
Shells	
  Per	
  Module	
   133	
  
Mirror	
  Segments	
  Per	
  Module	
   2376	
  

C Hailey et al. Proc SPIE ,7732, (2010) 
J Koglin et al., Proc SPIE, 8147, (2011) 
W Craig et al., Proc SPIE, 8147, (2011) 
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NuSTAR	
  Optics	
  
	
  

Simulation 

Calibration data 

§  Effective	
  area	
  and	
  PSF	
  
calibration	
  at	
  RaMCaF	
  

§  X-­‐ray	
  tube	
  163m	
  away	
  from	
  
optics:	
  
•  Hard	
  x-­‐ray	
  continuum	
  up	
  to	
  	
  	
  	
  	
  
100	
  kVp	
  

§  Detector	
  at	
  10.82	
  m	
  from	
  
telescope:	
  
•  Best	
  focus	
  for	
  finite	
  source	
  
distance	
  

§  Data	
  acquired	
  for	
  variety	
  	
  
of	
  illumination	
  conditions	
  
	
  

à All	
  requirements	
  fulfilled	
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Figure 5. Three sources in the NuSTAR FOV, one onaxis and two with off-axis angles of 4 and 7 arcmin, resp. The color
scale is logarithmic (the colorbar shows the logarithm (base 10) of the number of counts). This illustrates how the counts
from a source are distributed over large part of the detector.

6.1 Dependence on position in FOV

Figure 5 is an image of the focal plane using detector subpixels i.e. with a size that is a fifth of the physical
pixel, 0.12 mm on a side or 2.4 arcsec. The detector is constructed from four square CdZnTe crystal with a small
separation between them, but this is neglected here. The photons from three sources are shown in a logarithmic
color scale that strongly enhances the low intensity regions.

The varying shape of the PSF is apparent. In spite of this the encircled energy fraction is derived as a function
of radius and is shown in figure 6. For source near the edge of the FOV it would be advantageous to use e.g. an
oval shaped region to collect the counts.

7. CONCLUSION

The NuSTAR inflight calibration is ongoing while these lines are being written so very soon we will be able to
compare this modelling to the facts and the tools are ready.
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Number of focal planes 2 
Chips per focal plane 4 = (2 ×2 array)  
Pixels per chip 32 ×32 

Pixel pitch 605 µm × 605 µm 
12 arcsec×12 arcsec  

Total chip array area 2 cm × 2 cm 
CdZnTe thickness 2 mm 

T Kitaguchi et al. Proc SPIE ,8145, (2011) 

CZT	
  Focal	
  Plane	
  
	
  

8/14 



Lawrence Livermore National Laboratory LLNL-­‐PRES-­‐566156	
  

CZT	
  Focal	
  Plane	
  
	
  

Number of focal planes 2 
Chips per focal plane 4 = (2 ×2 array)  
Pixels per chip 32 ×32 

Pixel pitch 605 µm × 605 µm 
12 arcsec×12 arcsec  

Total array area 2 cm × 2 cm 
CdZnTe thickness 2 mm 

	
  In-­‐flight	
  performance	
  

	
  155Eu	
  calibration	
  source	
  
All	
  valid	
  events	
  (1-­‐	
  to	
  4-­‐pixel)	
  

FWHM = 0.97 keV @ 86.5 keV 
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Mast	
  and	
  Metrology	
  
	
  §  ABLE	
  Deployed	
  Articulated	
  Mast	
  
(ADAM)	
  
•  Built	
  by	
  ATK	
  Space	
  Systems	
  	
  	
  	
  Goleta,	
  CA	
  

§  Flight	
  heritage	
  includes	
  the	
  60-­‐
meter	
  long	
  structure	
  that	
  flew	
  on	
  
Endeavour	
  in	
  Feb	
  2000	
  for	
  the	
  
Shuttle	
  Radar	
  Topography	
  Mission	
  
(SRTM)	
  

	
  
	
  

§  “ADAM	
  design	
  can	
  be	
  understood	
  as	
  
a	
  deformable	
  box-­‐shaped	
  structure	
  
of	
  stiff	
  members,	
  shaped	
  and	
  
rigidized	
  by	
  cables	
  and	
  integrated	
  
latching	
  system”	
  

See it in person!   
Steven F. Udvar-Hazy Center 

Olive Stohlman, “Repeatability of joint-dominated 
deployable masts,”  PhD Thesis (2011) 
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NuSTAR	
  Science	
  
	
  2-­‐year	
  baseline	
  science	
  mission	
  

1.  Locate	
  massive	
  black	
  holes	
  	
  
2.  Study	
  the	
  population	
  of	
  compact	
  objects	
  (e.g.	
  neutron	
  stars)	
  

in	
  the	
  Galaxy	
  
3.  Understand	
  explosion	
  dynamics	
  and	
  nucleosynthesis	
  in	
  core	
  

collaps/Type	
  1a	
  SN	
  
4.  Constrain	
  particle	
  acceleration	
  in	
  relativistic	
  jets	
  
5.  Observe	
  the	
  Sun	
  (Nanoflares,	
  axions…)	
  

Radio wave (VLBI) Infrared radiation (Spitzer) Visible light (Hubble) High E x-ray (INTEGRAL) Low E x-ray (Chandra) High  x-ray 
NuSTAR (68 keV) 
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NuSTAR	
  Solar	
  Axions	
  
	
  

§  Previously	
  similar	
  studies	
  performed	
  	
  	
  	
  	
  	
  
with	
  e.g.	
  Rhessi	
  

§  Primakoff	
  production	
  in	
  the	
  solar	
  core	
  
§  Reconversion	
  in	
  solar	
  magnetic	
  field	
  
§  “For	
  free”	
  with	
  heliophysics	
  observations	
  
(e.g.,	
  looking	
  for	
  nanoflares)	
  

Credit: NAOJ/NASA,  
H.Hudson 
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NuSTAR	
  first	
  light	
  
2012	
  June	
  28	
  

Thank you! 
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