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Chapter

AstroSat mission
AstroSat — India’s first dedicated astronomy satellite

Ultra Violet Imaging Telescope
Large Area X-Ray (uvIT)
Proportional
Counter (LAXPC)

Cadmium Zinc
Telluride

Imager (CZTI)

Soft X-ray
Telescope
(SXT)

Scanning Sky
Monitor (SSM)

AstroSat spacecraft — actual view

To understand the nature of cosmic sources, their radiation processes and
environment, it is necessary to measure their emission over the entire
electromagnetic spectrum. Since intensity of most cosmic sources varies with
time, the variability being wavelength-dependent, it is necessary to make
simultaneous observations in different wavebands. Most of the current space
astronomy observatories are dedicated to a particular waveband e.g. X-ray, UV etc
and therefore, usually multi-wavelength studies have to be made from
coordinated observations with different satellites. There are logistical problems in
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making simultaneous and coordinated studies of a specific object from different
satellites and ground-based telescopes. As a result, despite a large number of such
multiwavelength observation campaigns, very few sources have so far been
studied over wide spectral band leading to poor understanding of the underlying
physical processes. The most efficient and effective approach is to have a
dedicated satellite such as AstroSat with several co-aligned instruments covering
the desired spectral bands so that simultaneous observations in all the desired
wavebands is possible.

CZTI

SXT

UVIT
Photon energy (keV)
103 102 101 10° / 10 10°
1 1 1 1 1
'§ uv | Hard X-rays
IR g Soft X-rays Gamma rays
I I I I M ] ]
103 10? 10! 10° 101 107 103

Wavelength (nm)

Typical Electromagnetic Spectrum

Wavelength coverage of AstroSat payloads

AstroSat spacecraft and five astronomy payloads covering optical, UV and X-rays
were designed, developed, realized and launched on 28" September 2015 by
PSLV-C30 (XL) from Sriharikota. The spacecraft was put in 650km near-equatorial
orbit with inclination of 6 degree. The payloads were switched ON in a sequence
and are operationalised.
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PSLV C-30 lift off from Sriharikota

The performance verification phase began in October 2015 and ended on 31
March 2016. Assessment of instrument performance, completion of initial
calibration, announcing the payload capabilities and release of first set of
calibration files were the aims of this phase.

First light observations were obtained with the Charged Particle Monitor (CPM) on
October 1, the Cadmium-Zinc Telluride Imager (CZTl) on October 6, Scanning Sky
Monitor (SSM) on October 12, three Large Area Xenon Proportional Counters
(LAXPCs) on October 19, Soft X-ray imaging Telescope (SXT) on October 26, and
the visible and UV telescopes on December 1, 2015.

Science observations by the payloads were carried out from April to September
2016. Currently, AstroSat is operating as an observatory, in which, the
observatory time is allotted to proposers from India, in addition to the payload
teams.
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Primary Science Objectives of AstroSat

Understand high energy processes in binary systems
Search for black hole sources in the Galaxy

Measure magnetic fields of neutron stars

Study high energy processes in extragalactic systems

Detect new transient X-ray sources

Limited high-angular resolution deep field survey in UV

4 N

These primary science objectives are being met with 5
science payloads.

Large Area X-ray Proportional Counters (LAXPC)
Cadmium-Zinc-Telluride Imager (CZTI)

Soft X-ray imaging Telescope (SXT)
Scanning Sky Monitor (SSM)
Ultra Violet Imaging Telescope (UVIT)

. /

The important parameters of the instruments are listed in the AstroSat payload
characteristics table (end of this chapter).

A complementary Charged Particle Monitor (CPM) is also onboard to provide
data on particle flux. The high voltage will be lowered or put off using data
from CPM when the satellite enters the South Atlantic Anomaly (SAA) region to
prevent damage to the detectors as well as to minimize ageing effect in the
Proportional Counters.
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AstroSat Payloads

e Three identical Large Area X-ray Proportional Counters (LAXPC)
covering 3-80 keV region for variability studies of X-ray Binaries and
other cosmic sources. It has atleast five times more effective area
above 25 keV compared to the Rossi X-ray timing Explorer (RXTE).
(Primary goal — fast time variability and wide band spectral
coverage)

e Cadmium-Zinc-Telluride Imager (CZTl) array with coded mask
aperture extends the high energy limit (15-100 keV band) for spectral
studies. (extend high energy range, good spectral energy if no
source confusion; solid state detectors)

e Soft X-ray Telescope (SXT) using X-ray reflecting mirrors and X-ray
CCD for timing and variability studies in 0.3 — 8.0 keV band (Soft X-ray
energies; imaging in X-rays)

e Scanning Sky Monitor (SSM) for detection and monitoring of new and
known X-ray sources in 2.5 — 10 keV region.

e Ultra Violet Imaging Telescope (UVIT) to image the sky
simultaneously in three wavelengths, one covering the FUV band
(130 — 180 nm) and the second sensitive in NUV (200 — 300nm) and
Visible (320 — 550 nm) bands. Image resolution is ~ 1.5” the best so
far in UV compared to ~ 6” of GALEX. (NUV, FUV and Optical imaging;
intensity variation).

UVIT payload has collaboration with Canadian Space Agency (CSA) and
SXT is in collaboration with University of Leicester, UK.

Uniqueness of AstroSat

v
v

v

Simultaneous multi-wavelength observations using single satellite.

Broad band coverage using Optical, UV, low and high energy X-ray
payloads.

It is expected that the effective area of LAXPC is > five times that of Rossi
X-ray timing Explorer (RXTE) above 25 keV.

Image resolution of UVIT ~ 1.7” the best so far in UV compared to ~ 6” of
GALEX.
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AstroSat - Payload Characteristics

PARAMETER uvIT SXT LAXPC CZTI SSM
Photon- Position
counting X-Ray CCD at Proportional CdznTe sensitive

Detector (Intensified) Detector )
the focal plane counter Proportional
CMOS Array
i Counter
imagers
Twin Ritchie = Conical foll
Optics Chretian 2 ( Wolter-1) Collimator 2D coded  1-D coded
) . Mask Mask
mirror system Mirrors
Bandwidth 130-180 nm 15 - 100
200-300nm & 0.3 -8 keV 3-80keV keV 2.5-10 keV
320-550 nm

Geom(gg]'z‘; Area 1550 250 10800 976  57.6 per SSM

~10 @150 ~2.5 @ 2 keV

Effective Area 1™ 401N 158@1 5kev 6000@5-20 480(10- 1l @ 25keV

cm?) 290300 & o) a6 kev keV 100kev) _°1 @ Skev
320-550 nm (Xe +P10 gas)
for 3 SSMs
46°x4.6° SSML1 & 2-
: : 0 o (10-100KeV) 26.8 x 100
Fieldof View ', 4ia a0 (Dia) %9 X099 "1705179" deg: SSM3 -
(@150KeV) 22.1 x100
deg, FWZM
<100- 500 A .
Energy 254% @ 5.9 10-12%in 6% at 100 0
Resolution  (dépends on keV 22.60keV = kev 227 @6keV
choice of
filters)
Anaular 1.7 arc sec in ~(1-5) arc min ~10-13 arc min
Resglution 130-180 nm 2 arc min (in scan mode 8 arc min in coding
and 200-300 (HPD) direction and
only) o
nm 2.5° across
~2.4s (full
frame),
. . 2ms 0.28s . .
Time resolution (150150 10microsec 20microsec 0.1 ms
centered
pixel frame),
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Typical

observation 30 min 0.5 - 1 day 0.5- 1 days 2 days 10 lr:ncl)r{/per
time per target.
20 mag. (50) ~25 milliCrab
Sensitivity 9 ~10" ergs . 0.5 milliCrab for SSM1 & 2
(Obs. Time) ~ ni60sfor o2 orm 01 miliGrab = 5 )" o8 millicrab
| 130-180nm (30) (1000 s)
(Unit) (5 0) (20000 s) (10000s) for SSM3
(30, 600s)
Total Mass (kg) 230 70 419 56 65.5
53 (with HOP 41 (excl .motor
Total Power 65 73.5 . :
(Watts) 87 ON) + drive e-nics)
Total Memory 2850 280 700 50 200
per orbit
(MBytes)

Sun-avoidance 5 deg from
angle 45 deg 45 deg 30 deg 30 deg edge of FOV
Moon-

avoidance 15 deg NA NA NA NA
angle
Bright Earth
limb avoidance 12 deg 6 deg NA NA NA

angle

The technical details on the payloads are provided in the forthcoming chapters.




