
NuSTAR
the Nuclear Spectroscopic Telescope Array

The Nuclear Spectroscopic Telescope Array will be the first focusing telescope 
to image the hard X-ray (6 - 80 keV) sky. NuSTAR is a NASA Small Mission Explorer (SMEX). Using fo-
cusing optics with multilayer coating for enhanced reflectivity at high energies, NuSTAR will pro-
vide an unprecedented combinatin of sensitivity, spectral and angular resolution.

Focal Plane
Nustar will fly two focal planes using 
Cadmium Zinc Telluride (CdZnTe) pixelated 
detectors which provide excellent spectral 
resolution and high quantum efficiency 
without requiring cryogenic operation. 
NuSTAR will fly an adjustable mechanism 
which allows the boresight to be offset for 
point source pointing.

Optics
The grazing incidence optics are of a 
Wolter-I conical approximation type. These seg-
mented optics are based on the High Energy Focusing 
Telescope, HEFT, ballon mission optics, shown left. 
The optics are composed of low surface roughness 
0.21 mm thick borosilicate glass, slumped into conical 
shape. NuSTAR will utilize multilayers of the type 
W/Si and Pt/C to extend the energy range up to 78 
keV.

IBIS image (Belanger et al. 2005)
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The inner few hundred parsecs around the 
Galactic center (2 by 0.8 degree) contains ~1% of the Ga-
lactic stellar mass, and up to 10% of its massive, young 
stars. Known sources in this luminosity range include ac-
creting white dwarfs (speci�cally, intermediate polars), 
high- and low-mass X-ray binaries (HMXBs and LMXBs), 
rotation-powered pulsars, and magnetars.  This region 
also contains unique high-energy features, such as mys-
terious magnetic radio �laments, light echoes from past 
outbursts of the supermassive black hole Sgr A*, and a 
TeV source coincident with Sgr A*.

NuSTAR will survey the inner ~1 x 1 degree of the Galac-
tic center.

Sgr B2

1E 1743.1-2843

Sgr A*

GRS 1741-2853

KS 1741-293

1E 1740.7-2942

Simulated NuSTAR image
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Supernovae seed the interstellar medium with the 
heavy elements formed in the quasiequilibrium conditions of stellar burn-
ing and in the non-equilibrium conditions of the explosion itself. A de-
tailed understanding of the explosion dynamics could be obtained from 
spatially resolved abundance maps of remnants. A particularly valuable 
isotope is 44Ti, with half lifeτ~85 yr. In core collapse events, the predomi-
nant production of    Ca, as 44Ti, occurs during α-rich freeze-out around the 
mass cut, between the innermost ejecta and the material that falls back to 
form a collapsed remnant. This location implies that 44Ti production and 
ejection are very sensitive to the explosion mechanism and ejecta dynam-
ics.

NuSTAR will measure and map the 44Ti lines at 68 and 78 keV in historic 
remnants:  Cas A, SN1987A, Tycho, Kepler.

The hard X-ray band is a natural and underex-
ploited window on compact objects: the �rst priority of 
NuSTAR will be to identify and study black holes and other 
collapsed stars on all scales. NuSTAR will accomplish this 
goal through a series of deep surveys of Galactic and extra-
galactic �elds. Massive Black Holes NuSTAR will survey the 
NDWFS and GOODS �elds to identify the faint extragalactic 
X-ray sources.

NuSTAR will also make sensitive observations for the �rst 
time in the band where the XRB spectrum peaks. It will 
detect and localize more than three hundred hard or ob-
scured AGN (a factor >20 more than currently known), mea-
suring X-ray spectra and, through coordinated multiwave-
length observations, redshifts and host properties.

NuSTAR is a partnership among Caltech, the Jet Propulsion Laboratory, Columbia University, the Danish National Space Center, 
Goddard Space Flight Center, Lawrence Livermore National Laboratory, Stanford Linear Accelerator Center, U.C. Santa Cruz, 
Sonoma State University, and U.C. Berkeley as well as industry teams at Orbital Sciences Corporation, and ATK Goleta, CA.
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MISSION PARAMETERS

LEOOrbit

August 2011Launch date

2 yearsMission lifetime

64 x 64 pixelsGrid

CdZnTeMaterial

Focal Plane

600 μm, 20’’Pixel Pitch

2mm x

20 mm x 20 mm

Dimensions

(t x l x l)

Two identical, co-aligned
grazing incidence optics

Two CdZnTe pixel
detectors

Focal lenght = 10.14 m

Simulation by Michael Muno

HEFT Optic

Integral 2 x 2 deg

NuSTAR simulation 

130Number of shells

Borosilicate glassSubstrate

W/Si, Pt/CMultilayer
combinations

Optics

1.4 - 4.5 mradIncidence angle

Wolter-I conical app.Type

Kristin K. Madsen & Fiona Harrison, Caltech Institute of Technology

2 x 10-5 cts/s/keVBackground in HPD

1 μCrab (20 keV)

10 μCrab (60 keV)
Continuum sensitivity
(106 s, 3σ, dE/E=0.5)

3.7 x 10-7 ph/cm2/sLine sensitivity
(106 s, 3σ at 68 keV

BASELINE DESIGN

40 arcsecHPD

1 msTiming Resolution

13.4 x 13.4 arcminField of View

10.14 mFocal Length

5 - 78 keVEnergy Range


