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ABSTRACT: The multi-wave astronomy satellite, ASTROSAT, with wide-band X-ray 
capability and two UV telescopes co-aligned with X-ray telescopes, is being made in India 
for launch in late 2008. Wide-band X-ray capability is afforded by having three X-ray 
payloads viz., SXT, LAXPC and CZTI. We give a brief description of the ASROSAT, and 
two proposals for High Energy Astronomy submitted from TIFR in response to an 
announcement of opportunity by the Indian Space Research Organisation (ISRO) for small 
satellites for Astronomy: A Wide Field X-ray monitor (WFXM), and a Super Monitor 
(SUPERMON) for GRBs, X-ray Flashes and Black Holes.  
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ASTROSAT is an X-ray and UV observatory that will cover the entire X-ray spectral band 
from 0.3 to 100 keV with three X-ray instruments, and two UV (+optical) telescopes in the 
1350 - 5500 Å, thus providing simultaneous X-ray and UV observations. A Scanning Survey 
Monitor (SSM) will look for transient X-ray sources in the sky.  It will be launched on a 
Polar Satellite Launch Vehicle (PSLV) into a circular 600 km orbit with inclination of <8 
degrees.  Operations will be with 5-6 ground station contacts per day. Equipped with 
magnetic torquers and 2 star trackers, ASTROSAT will have target acquisition accuracy of 
about 30 arcseconds. With a nominal lifetime of about 5 years, it will be a unique mission in 
the time frame of 2008 - 2013 A.D.  Capitalizing on its unique strength of broad-band 
spectroscopy covering the entire UV and X-ray band passes, and timing, ASTROSAT will be 
an excellent probe to study the environs of black holes, astrophysics of accreting neutron 
stars and pulsars, astrophysics of accreting white dwarfs, transient X-ray sources, long-term 
behaviour of bright X-ray sources, hard non-thermal tails from clusters of galaxies, high 
resolution UV studies of galaxies, and deep UV surveys. 

 
1.1 ASTROSAT X-ray Instruments being developed at TIFR:  
 
A. Three Large Area Xenon Proportional Counters (LAXPC) with a total area of 6000 cm2, 
band width of 2 – 80 keV, field of view of 1 degree, and time resolution of 10 µsec. 
 
B. One Soft X-ray Telescope (SXT) based on conical approximation to Wolter-I and using 
thin gold coated Al foils made using the replication technology developed for telescopes 
launched on Suzaku observatory.  SXT will have a focal Length of 2 metres, field of view: 
40’, angular resolution of 3’ – 4’ and an effective area (at 1 keV) of 200 cm2. It will carry a 
cooled CCD Camera at the Focal Plane providing a useful bandwidth of 0.2 – 8 keV. The 
CCD camera is being developed in collaboration with the Space Research Centre, University 
of Leicester. 
 
C. One CdZnTe Imager with coded aperture mask with a total area of 1000 cm2 and 
bandwidth: 10 – 100 keV.  It will have a field of view of 6 x 6 degrees, angular resolution of 
8’, and time resolution of 1 msec. 
 
1.2 Two UV Imaging Telescopes being built by Indian Institute of Astrophysics, ISRO, 
IUCAA and Canadian Space Agency:  Each telescope has a focal length of 4756mm.  UVITs 
will provide wide angle  ( ~ 28’) images in FUV ( 130-180 nm ), NUV ( 200-300 nm ), and 
VIS ( 350-550 nm ) with a spatial resolution of  < 1.8”, and sensitivity in FUV mag. 20 in 
1000 s.  The timing resolution will be ~ 30 ms, full frame (< 5 ms, small window), and 
grating will be provided for slit-less spectroscopy in FUV and NUV with R~130 – 140. 
 
 

2. A Wide Field X-ray Monitor  
 

A Wide-Field X-ray Monitor (WFXM) is proposed as a joint India-UK experiment for 
launch as a small satellite experiment by ISRO.  With a spatial resolution of order ~2’ and an 
instantaneous field of view of approximately 35° x 35° it will provide a significant capability 
for time domain astrophysics in the soft X-ray (0.1 – 4.0 keV) band, generating the most 



 3

comprehensive catalogue of cosmic X-ray variability data to date. The scientific goals of the 
WFXM are (a) to generate an all-sky X-ray catalogue which is updated several times during 
the survey phase of the mission, and (b) to generate high-resolution X-ray variability data for 
large areas of sky centered on specific locations (which are to be determined). WFXM’s 
sensitivity and high angular resolution make it a powerful tool for the study of astrophysical 
sources at high time resolution. The science case covers the observation of phenomena 
including stellar flares - from pre-main sequence stars to highly evolved objects; brown 
dwarfs; novae; cataclysmic variables; X-ray transients; flares in Seyfert and BL-Lac objects; 
the soft X-ray afterglow of Gamma Ray Bursts, and the early detection of X-ray events from 
type-II supernovae. 
 
 

 
 
WFXM will consist of a single X-ray telescope, using a large numbers of Microchannel Plate 
(MCP) optics (left above). The images produced by the optics are focused onto a large area 
(~ 20 cm x 20 cm) Gas Electron Multiplier (GEM) X-ray detector will have angular 
resolution of ~ 2’. The X-ray telescope support subsystems include particle and sun detectors, 
which generate power-off triggers at times of high particle background (e.g. when the 
spacecraft passes through the South Atlantic Anomaly (SAA), and for orbits for which the 
inclination i > 20°) or whenever the Sun is too close to the field of view. The arrival time of 
each event will be recorded, allowing aspect reconstruction to be performed on the data, and 
hence the spacecraft bus can be either Earth-pointing (as is the case for Earth Observation 
platforms) or alternatively a spinning bus can be adopted. Since two distinct observation 
phases are planned (pointed observations and large area survey), it is likely that the bus will 
switch between these two attitude modes. The instrument can acquire data while scanning at 
a rate of 4°/minute, and so in either case, pointing accuracy is not important. However 
accurate pointing post-facto knowledge is required. This information may be provided by an 
on-board star tracker. Commercial off-the-shelf (COTS) units from European manufacturers 
have been identified as being suitable for this application, with an accuracy of better than 6 
arc seconds (in pitch and yaw) and 30 arc seconds in roll, with position updates being 
generated 5 times every second. ISRO-provided units have similar capabilities. These data 
allow accurate aspect reconstruction of WFXM data to be performed, thus removing the 
effects of source trailing and attitude control jitter. On board data handling and storage 
provide essential data processing functions, and store science and housekeeping data until the 
next available downlink.  
 
 
 



 4

3. A Super Monitor for GRBs, X-ray Flashers and Black Holes 
 

SuperMon aims to identify a large number of X-Ray Flashers (XRFs), quickly localize them 
and measure the X-ray/gamma-ray spectrum of their afterglows. It will help in quick optical 
identification and redshift measurement of these flashes. A unique experiment, it can also 
monitor the hard X-ray sky, identify new soft X-ray transients, quantify the long term 
variability of Galactic black hole sources indicating changes in the accretion conditions close 
to the event horizon, track the pulse period history of X-ray pulsars, and measure the X-ray 
Quasi-Periodic Oscillations (QPOs) from supermassive black holes. In a life time of  three 
years, SuperMon can detect of 300 GRBs (and help localizing 150 of them) and 150 XRFs 
(localize 75),  provide redshift measurement of 100 GRBs and 50 XRFs, spectral evolution of 
new X-ray transients leading to the measurement of their black holes mass, track a dozen 
Galactic black hole sources on a continuous basis to measure their state transition, class 
transition and correlation with other wavelengths, track a dozen bright X-ray pulsars to 
measure their pulse and binary period variations, and track a dozen AGN to identify X-ray 
QPOs in them. 
 

 
 
The payload will be a new generation Si+CZT pixelated combination detector (2 – 50 keV 
range) with excellent energy resolution (5% at 6 keV) and sensitivity (area ~ 400 cm2). It will 
have a small field of view (~ 5o) using a passive Coded Aperture Mask will give a geometric 
angular resolution of 30’ and GRB localization capability of 5’. It will be actively shielded 
on four sides by a Low Energy Proportional Counter (LEPC) each of area 1000 cm2, FOV of 
13o x 13o  (FWZM), made of position sensitive anodes with a pixel size of 1 x 1 cm2. The 
FOV will be organized in an optimum way such that by noting the count rate profiles in each 
pixel, localization of GRBs and XRFs could be achieved accurate to a few degrees. The 
satellite will have automatic orientation to the localize XRFs/GRBs within a few minutes and 
derive a more precise localization (correct to a few arcmin). Thus, unlike the present 
satellites, the initial detection and primary localization of the event will be done in X-rays, 
making the instrument ideal to detect XRFs. The derived positions would be then 
automatically transmitted to a string of ground based optical telescopes to further improve 
the localization and measure the red-shift of the afterglows. 

 


