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The Nuclear Spectroscopic Telescope Array (NUuSTAR) will be the first focusing telescope on orbit to operate
in the high energy X-ray band (6 - 79 keV). This Small Explorer Mission is currently under development, and
is scheduled for launch in 2011. In this poster we describe the detailed performance characteristics the
hard X-ray multilayer optics and shielded solid state focal plane detectors. We describe the expected
throughput, spectroscopy and imaging properties of the observatory, as well as the planned data analysis
and archiving plans.

Observatory Response

NuSTAR will fly two grazing incidence optics based on the
design of the High Energy Focusing Telescope, HEFT, ballon
mission optics shown in Figure 1. These nested and segmented
optics are of a Wolter-I conical approximation type, where
the upper parabola and lower hyperbola are replaced with
conical approximations, simplifying productions and reducing
the strong coma inheirent to a true Wolter-| optic.

Configuration:

The optics are composed of low surface roughness 0.21 mm
thick borosilicate glass segments, slumped into conical shape,
and coated with depth graded Pt/SiC multilayers to extend
the energy range up to 78.3 keV.

Multilayers:

The multilayers are depth graded as a power-law, with the
thickest layers at the top for low energy reflections and thin-
nest layers at the bottom for high energy reflections. Figure 2
shows experimental reflectivity curves of a Pt/SiC 97 bi-layer
multilayer overlaid with the theoretical curves, for different
energies.
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Spectral Response

NuSTAR will fly two focal planes using Cadmium Zinc Tellu-
ride (CZT) pixelated detectors which provide excellent spec-
tral resolution and high quantum efficiency without requiring
cryogenic operation.

Configuration:

One focal plane will consist of 4 detectors arranged in a
square pattern. One detector, shown in Figure 4, has 32 by
32 pixels with a pixel pitch of 604.8 um. The gap pitch be-
tween adjacent detectors is 500 um, but NuSTAR will fly an
adjustable mechanism which allows the boresight for a point
source to be offset from the center to one of the 4 dectec-
tors, thus avoiding the dead area.

The focal planes are actively shielded, and the strongest
background source comes from activation in the detector by
high energy protons.

Spectral and Timing Resolution

The timing resolution of the system is 1 milisecond, and the
maximum countrate 400 counts/second. The spectral energy
resolution is shown for a >°Eu source at various energies.

a. pulser FWHM = 0.34 keV

b: 86.5 keV line FWHM = 1.10 keV
c: 60.0 keV line FWHM = 0.91 keV
d: 48.7 keV line FWHM = 0.68 keV
e: 45.3 keV line FWHM = 0.63 keV

Detector array

4 CdZnTe crystals

64 x 64 pixels

604.8 um pixel pitch

Field of View = 13.6 arcminutes
Timing resolution = 1Tms

Energy resolution:

~1 keV @ 80 keV

~0.6 keV @ 40 keV

Operating Energy: 6 - 80 keV

Performance Properties

Point Spread Function

The PSF shown below was obtained from a NuSTAR proto-
type, and yielded a Half Power Diameter of 40 arcsec-
onds. The shape of the PSF is best fitted with a Kings +
Gaussian profile.
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The multilayer recipes are designed and optimized for a smooth re-
sponse as a function of energy, and good off-axis response. The on- and
off-axis effective area for two optics coated with Pt/SiC, including ob-
scurations and attenuations, is shown in Figure 2. The sharp Pt absortion
edge at 78.3 keV marks the upper operating energy. The detector

threshold sets the lower limit at 5-6 keV.

1000 ~—  ——
N —— on-axis i
—— 1 arcminute off-axis|
2 arcminute off-axis| |
3 arcminute off-axis| |
— 5 arcminute off-axis| 7

TOO:—

Effective Area (cm?)

10

Energy (keV)

O 20 40 60 30

Sensitivity

range.

Performance

Assuming a 3o detection, the minimum detectable flux in the 5 - 80
keV energy range of an on-axis point source emitting a I'=1.7 power-
law spectrum, is shown as a function of exposure time in the Figure
below. Also shown is the flux of a 4 arcminute on-axis extended
source. Flux units are given in the Crab flux for the same energy
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