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Matter falling
into neutron stars

%+ £ (Neutron Star)
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2. Constaints on M/R can be made in a variety of ways

FHROT—

1) redshift of any narrow lines emitted from the photosphere
of the NS (High Resolution)

2) redshift of the broad iron line from reflection from the
accretion disc as the inner edge of the disc is an upper limit on
the size of the NS (High Resolution + Broad Band)

3) detailed pulse profile modeling of accreting millisecond
pulsars and burst oscillations (Broad Band)

4) a direct measure of the radius from the luminosity and
temperature of thermal radiation from the NS surface cooling
after accretion has stopped (Broad Band)

5) Maybe More...

ASTRO-H White Paper Task Force & D (it4~1it)




3. PEFERA COENKRAGRRS
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3. PEFERA COENKRAGRRS

width of the absorption lines (Lin et al. 2010).
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3. FIEFERAM COENKARS
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Figure 4. (Left) A distant observer sees X-ray intensity grow and fall as hot-spots on a neutron star surface
spin through the line of sight. The far-side spot becomes more visible for smaller stars through gravitational
light-bending, which depends on M/R; thus, depth of modulation constrains compactness. (Right) Two sets of
simulated NICER lightcurves, for stellar radu1 differing by £5%, show measurable differences in several
energy bands for a 1 Msec exposure: 4-60 differences per phase bin pinpoint the star's radius.
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5. ASTRO-H Mission

ASTRO-H is an international X-ray observatory, which is the 6th in the series of the

X-ray observatories from Japan. More than 160 scientists from Japan/US/Europe/
Canada. o H= =

+R R
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in+-iE

e Launch site:
Tanegashima Space Center, Japan
e Launch vehicle: JAXA H-1IA rocket
e Orbit Altitude: 550km
e Orbit Type: Approximate circular orbit

SGD (Soft Gamma-
ray Detector)

e Orbit Inclination: ~31 degrees
e Orbit Period: 96 minutes

SXS (Micro Calorimeter) Weight 2.7 t e Launch : 2015

HXI (Hard X-ray Imager) Height 14 m

Science operations will be similar to those of Suzaku, with pointed observation
of each target until the integrated observing time is accumulated, and then
slewing to the next target.
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5. ASTRO-H Mission

1. High Resolution Spectroscopy by a
micro-calorimeter array

ASTRO-H is the first mission to
carry out high resolution
camera Spectroscopy of extended objects
at Fe-K

Cutting-edge
Instruments

Soft X-ray Imager(SXI)
This Is a wide field-of-view X-ray
W camera using an array of four
large-format X-ray CCD chips. It
provide simultaneous Imaging and
spectroscopic data in the energy
range of 0.5 keV 1o 12 keV.The
detector will be placed in the main
body of the satellite.

2. Wide Band /High Sensitivity
Observation

0.3 keV - 600 keV : Four Instruments
including Hard X-ray Focusing optics

Soft Gamma-ray Detector (SGD)
Many layers of semiconductor sensors

are stacked to optimize the sensitivity

of the gamma-ray spectrometer. Since
gamma-rays have a higher penetrating
power than X-rays, this instrument

plays an important role investigating
astronomical objects surrounded by

dense gas.

Reflecting X-ray Telescopes (SXT/HXT)
This instrument focuses X-rays from celestial

objects onto the detectors. Unlike the single lenses
and mirrors usually used for visible light, this X-ray
reflecting telescope is made up of over one
thousand reflector-coated aluminum foils stacked
into concentric circles

Soft X-ray Spectrometer(SXS)
Specialized detector elements are cooled down to
near absolute zero {-273 degrees Celsius) using a
series of refrigeration units. When an X.ray hits a
detector element, its temperature slightly rises. This
increase in *heat” is measured, and from this the
energy of the incident X-ray can be estimated to a
higher degree of accuracy than any achieved to date.
Researchers from around the world have great
expectations for this instrument, the centerpiece of
ASTRO-H.

Soft X-ray Spectrometer Hard X-ray Imaging
System (SXT + SXS) System (HXT + HXI)

Soft X-ray Imaging
System (SXT + SXI )

X-ray sensor ond sgnal-processing electranics

Hard X-ray Imager (HXI)

This preduces images of objects in the hard
X-rays above 5 keV using a combination of
silicon and cadmium telluride
semi-conductors. Since this imaging
tedescope has a 12-meter focal length, this
sensor will be placed at the end of a boom

Clows-up vew of the mais serace par

Micro Calokimeter

which will be extended in orbit.

Si/CdTe |

0.1 keV 1 keV 10 keV 100 keV 1 MeV




- High Resolution Spectroscopy-
by a micro calorimeter array

Primary ~ Secondary
/

|

Soft X-ray TelescopN

Aei(E) = Axrr(E) * H(E) * psf ™ Ty ™ a(E)

t = transmission of blocking filters

psf = x-ray image point spread function
farray = g€OMetric filling factor of array

a = absorption efficiency of detector

SXS XCS (6 x 6 microcalorimeter array)

Operating temperature 50 mK

Pixel size 814 pm x814pm
Pixel pitch 832pm

Field of view 205 x 205

X-ray absorber HgTe, 8um thickness

Detector to be
Operated at 50 mK

Gain will be monitored

i ———___ X-ray Calorimeter Spectrometer by using a compact

X-ray generator.

X-ray photon

TEMPERATURE
....\

Thermometer
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High Resolution Spectroscopy by a micro-calorimeter array
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* X-ray micro-calorimeter spectrometer with energy resolution better

than 7 eV (FWHM)
* 6 x 6 array with 3’ x 3’ field of view

* Operated at 50 mK
— Nominal expected liquid He lifetime 3.3 years

m@ﬂ : , R . 04y 07/ 014 SO0 15('
[I]I U _‘_. 4 - . ‘( ...\ -
p \\ NGV 1 .

i Sumltomo Heawvy Industries, ltd.
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SXS detector assembly

T. Takahashi (X-ray Astronomy towards the next 50 years, Milano, 2012)




normalized counts/sec/keV

GRO J1655-40

The superior resolution of SXS in the Fe K band
enables the unambiguous detection of weak and

narrow lines from a wind.
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