J. Astrophys. Astr. (2018) 39:11
https://doi.org/10.1007/s12036-017-9506-1

© Indian Academy of Sciences

Review

Study of X-ray transients with Scanning Sky Monitor (SSM) onboard
AstroSat
M. C. RAMADEVI1,∗ , B. T. RAVISHANKAR1 , ABHILASH R. SARWADE1 , S. VAISHALI1 ,
NIRMAL KUMAR IYER1 , ANUJ NANDI1 , V. GIRISH1 , VIVEK KUMAR AGARWAL1 ,
BLESSY ELIZABETH BABY1 , MOHAMMED HASAN1 , S. SEETHA2 and
DIPANKAR BHATTACHARYA3
1 Space

Astronomy Group, ISRO Satellite Centre, Bangalore 560 017, India.
Headquarters, Bangalore 560 231, India.
3 Inter University Centre for Astronomy and Astrophysics, Pune 411 007, India.
∗ Corresponding author. E-mail: ramadevi@isac.gov.in
2 ISRO

MS received 1 September 2017; accepted 19 December 2017; published online 10 February 2018
Abstract. Scanning Sky Monitor (SSM) onboard AstroSat is an X-ray sky monitor in the energy range 2.5–
10 keV. SSM scans the sky for X-ray transient sources in this energy range of interest. If an X-ray transient
source is detected in outburst by SSM, the information will be provided to the astronomical community for
follow-up observations to do a detailed study of the source in various other bands. SSM instrument, since its
power-ON in orbit, has observed a number of X-ray sources. This paper discusses observations of few X-ray
transients by SSM. The flux reported by SSM for few sources during its Performance Verification phase (PV
phase) is studied and the results are discussed.
Keywords. X-ray sky monitor—scanning sky monitor—one-dimensional coded mask—1D position sensitive
proportional counter—AstroSat—X-ray transients.

1. Introduction
AstroSat (Agrawal 2006, 2017; Singh et al. 2014)
is India’s first dedicated multiwavelength mission to
observe the Universe in the broad energy band from
optical through UV and soft X-rays to hard X-rays,
with five different payloads onboard. The five payloads
are Ultra Violet Imaging Telescope (UVIT), Soft Xray Telescope (SXT), Large Area X-ray Proportional
Counter (LAXPC), Cadmium–Zinc Telluride Imager
(CZTI) and Scanning Sky Monitor (SSM).
X-ray transients are the brightest X-ray sources in
the sky. Most of these transients are in quiescent phase
when they exhibit low intensities that are below detection thresholds and suddenly undergo outbursts showing
an increase in intensities in wide ranges. Such transient
phases of these X-ray binaries are quite interesting to
study as they are the best candidates to probe strong
gravitational effects close to the compact objects they
host. Therefore, it is very important to keep monitoring the X-ray sky for such outburst phenomena
from these sources and a sky monitor with a large

Field-of-View (FoV) will help achieve this. In addition
to these X-ray binaries, there are other kinds of X-ray
sources which show transient flaring activity once in a
while. These sources are also monitored with the widefield sky monitors.
Scanning Sky Monitor (SSM) (Seetha et al. 2006;
Ramadevi et al. 2017a, b) on-board AstroSat with its
large FoV scans the X-ray sky for such transient sources
in the energy range 2.5–10 keV with an effective area
of ∼ 51 cm2 at 5 kev for all 3 SSM units together. If any
transient source is detected in its outburst, astronomer’s
world-wide are alerted (through Astronomer’s Telegrams (ATels)) to do follow-up observations of the
source in various other wavebands in detail. SSM keeps
observing the X-ray sky in order to provide long-term
variabilities of all the X-ray sources it observes.
In addition to many earlier sky monitors, the AllSky Monitor (ASM) on RXTE (Levine et al. 1996) had
observed many X-ray sources and also discovered new
transient sources which have been added to the X-ray
source catalog. The Japanese X-ray sky monitor, Monitor of All-sky X-ray Image (MAXI) (Matsuoka et al.

11 Page 2 of 8

J. Astrophys. Astr. (2018) 39:11

Figure 2. Photo of SSM flight payload with three units
mounted on a platform (Ramadevi et al. 2017a).
Figure 1. Schematic of AstroSat spacecraft with SSM on
the +YAW axis.

2009) on-board the International Space Station (ISS) is
presently observing the X-ray sky in addition to SSM.
The energy range of operation of MAXI is 2–20 keV
for gas-filled detectors onboard. The sensitivity of SSM
is about 27 mCrab for 10 min integration at 3σ level
and that of MAXI is about 20 mCrab for 90 min at 5σ
level.

the sky. SSM with its three detectors mounted on a platform is shown in Fig. 2. A more detailed description of
the payload can be found in Ramadevi et al. (2017a, b)
and references therein. Details of the test and calibration
of the instrument can be found in Ramadevi & Seetha
(2011) and Ramadevi et al. (2011). Aspects of on-board
calibration of the instrument will be discussed in a paper
that is in preparation.

3. Initial results
2. Instrument details
SSM comprises of three almost identical detector units
with respective electronics mounted on a platform capable of rotation. The entire assembly is mounted on the
positive YAW axis of the spacecraft as shown in Fig. 1.
The platform can rotate from 5◦ to 355◦ , clockwise and
counter-clockwise in stare-and-step mode of operation
in steps of 10◦ with a stare duration of 10 min for each
stare. In one full rotation in about 6 h duration, SSM
covers about 50% of the sky, while the spacecraft attitude is maintained unchanged. The other instruments
on AstroSat are pointed mode instruments mounted
on the positive ROLL axis of the spacecraft. SSM’s
FoV is therefore different from that of the other instruments.
The detectors for SSM are 1D position sensitive proportional counters (Ramadevi et al. 2006) with resistive
anodes capable of detecting the position of the incident
photon along the anode wires. Each detector has a 1D
coded-mask (Bhattacharya & Ravishankar 2002; Ravishankar & Bhattacharya 2003) mounted on top of it,
which helps in detecting the location of the source in

SSM has been observing the X-ray sky, since its powerON following the launch of AstroSat. A detailed note
on the initial operations of SSM and the immediate
results are discussed in Ramadevi et al. (2017b). The
instrument was pointed towards Crab, the X-ray source
which is considered the standard candle for calibration of any X-ray instrument in space. With its first
observation of the X-ray sky with Crab pulsar at about
the centre of the FoV, the sky image was generated
with the Crab source localized at the expected position within the defined angular resolution of 12 × 2.5◦ .
The sky-image from the first orbit observations of SSM
with Crab in its FoV is discussed in Ramadevi et al.
(2017b).
Immediately after the observations of Crab, the
well-known black-hole source GRS 1915+105 was
observed. The detection of the source in its beta-class
variability was announced as an Astronomer’s Telegram
(ATel #8185) (Ramadevi et al. 2015).
SSM also observed the outburst of an X-ray pulsar 4U0115+634 during its PV phase operations. The
timing analysis of the source indicated the presence of
pulsations with the pulse period of 3.62 s.
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Figure 3. Pulsations detected in X-ray pulsar Vela X-1 from SSM observations is shown.

the sources observed by SSM in the subsequent stares
are extracted and the database of the light curves for all
these sources is generated.

4.1 Crab observations

Figure 4. Pulsations detected in X-ray pulsar Cen X-3 from
SSM observations is shown.

Few other pulsars were also observed during the PV
phase of SSM. Pulsations from the known X-ray pulsars
Vela X-1 and Cen X-3 were estimated and are shown in
Figures 3 and 4 respectively.

4. Light curves of few X-ray sources observed
with SSM
SSM images the X-ray sky, detects and locates the transient X-ray sources and reports the flux of the source
detected in its FoV. SSM with its coded-mask does
an indirect imaging of the sky with a detailed algorithm involved in the process of imaging (discussed in
Ramadevi et al. (2017b). With its step-and-stare mode
of operation, in which SSM stares at a given FoV for
10 min and steps to the next FoV by 10◦ , different locations in the sky are observed. The data from each stare of
SSM is processed so as to extract the flux of the sources
in that particular stare. In this manner, the fluxes of all

During the Performance Verification (PV) phase of
SSM, the Crab source was observed at different epochs.
The flux from the Crab source obtained by imaging procedure during the PV phase is compared with that of the
flux reported by MAXI, which has been observing the
X-ray sky for many years now. Figure 5 shows the light
curve of Crab as observed by SSM and MAXI. The flux
for Crab is found to be consistent over different epochs.
However, it is required to work on aspects like background modelling, fine-tuning of few of the calibration
parameters, etc. to get more refined flux values.
Figure 6 shows the observations of Crab during Jan.
2016. The flux values obtained for every 10 min stare of
SSM is plotted against that of MAXI which is a 1-day
average flux. It can be seen that there is a systematic
variation in the Crab flux reported by SSM, which is
considered to be due to orbital variations. This needs to
be studied and modelled for such effects to be removed
out, which is underway.
In addition to generation of light curves, SSM can
also estimate the hardness ratios for the sources it
observes. Figure 7 shows the hardness ratios for different energy bands in the second and third panels along
with the light curve in the top panel for the Crab observations by SSM. The variations in the flux reported is
expected to get refined with background modelling and
fine-tuning of few of the calibration parameters, which
is underway.
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Crab observations
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Figure 5. Light curve of Crab source as seen by SSM and MAXI.
Crab observations
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Figure 6. Observations of Crab during Jan. 2016 by SSM plotted along with MAXI.

4.2 Observations of GRS 1915 + 105
During the initial phase of operations, SSM observed
GRS 1915+105 and caught the source in its ‘beta-class
variability’. The temporal data with a time resolution of
100 ms was used to identify the variability of the source.
However, when the flux is extracted after imaging of
every 10 min stare of the source, it will not be possible
to bring out the variability profile of the source as the
time-bin size becomes 10 min. The light curve of the
source obtained after imaging is shown in Fig. 8. The

flux reported is compared with MAXI to show that both
the fluxes are consistent with each other.
4.3 Observations of Be X-ray pulsar 4U0115 + 63
SSM observed the Be X-ray pulsar 4U0115+63 during
its outburst phase in October 2015. The pulsations were
also detected in the source. The light curve obtained
with SSM is plotted along with that of MAXI. Figure 9 shows the zoomed version of the light curve during
the outburst. It can be seen that SSM observations fill
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Figure 7. Crab light curve along with hardness ratios as observed by SSM.
SSM GRS observations
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12

Flux (Photons/s/cm^2)

10
8
6
4
2
0
57307

57308

57309

57310

57311

57312

57313

57314

57315

MJD
MAXI-GRS

SSM1-GRS

SSM3-GRS

Figure 8. Light curve of GRS 1915+105, observed by SSM and MAXI.

the time gap during which MAXI has not observed the
source.

low flux values also, provided it is not a crowded field
in the sky.

4.4 Observations of X-ray transient XTEJ1858 + 226

4.5 Observations of neutron star X-ray transient Aql
X-1 in its outburst

Light curve of one of the X-ray transients, XTEJ1858
+226, observed by SSM during its quiescent phase is
shown in Fig. 10. SSM observations are plotted along
with that of MAXI and are found to be consistent for

The neutron star X-ray source Aql X-1 was caught in its
outburst by SSM as shown in Fig. 11. The enhancement
in the intensity of the source in the soft X-ray band in
SSM was observed on 01 June 2017. This was reported
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Observations of Be X-ray Pulsar 4U 0115+63 in outburst
SSM and MAXI
2.5

Flux (Photons/s/cm^2)

2
1.5
1
0.5
0

57300

57310

57320
MJD

MAXI Obs

57330

57340

57350

SSM obs

Figure 9. Be X-ray pulsar observed by SSM during the peak of its outburst shows SSM observations filling in the time gap
where there were no MAXI observations as seen in this figure.
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Figure 10. Light curve of a transient source during its quiescent phase as observed by SSM and MAXI.

as an Astronomer’s Telegram (ATel #10452) (Ramadevi
et al. 2017c) for any follow-up observations with other
observatories. Swift BAT instrument has also observed
the hard X-ray activity of the source during the same
time, as mentioned in the Astronomer’s Telegram ATel
# 10450 (Dincer et al. 2017).
4.6 Observations of a black hole binary H1743 − 322
Light curve of one of the black hole binary sources
H1743-322 is shown in Fig. 12 which shows the flux

values as reported by SSM plotted along with that of
MAXI during the quiescent state. Recently, the source
was found to be in its outburst, as observed by MAXI
and is returning back to quiescence now. SSM observed
the source while it returned back to quiescence.
Data products from SSM are the light curves of the
sources and also the respective hardness ratios derived
from the fluxes in different energy bands within the
energy range of interest of SSM. The light curve in four
different bands (2.5–10, 2.5–4, 4–6 and 6–10 keV) and
the hardness ratios will be made available in the SSM
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SSM Observations of Aql X-1 in outburst
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Figure 11. A neutron system Aql X-1 observed in its outburst by SSM.
SSM Observations H1743-322 (Red - 10 min stare)
with MAXI Observations of H1743-322
(Blue - 1 day average & Green - 90 min stare)

0.5

Flux (Ph/(s-cm^2)

0.4

MAXI_90min_dwell
MAXI_1day_avg
H1743-322_SSM_10min_stare

0.3
0.2
0.1
0
-0.1
-0.2
57920

57930

57940

57950

57960

57970

57980

57990

MJD

Figure 12. A black hole binary source observed by SSM and MAXI.

website that will be hosted at ISSDC (ISRO Space Science Data Center) shortly.
5. Conclusion
Initial and PV phase operations of SSM followed by
various results from the instrument have been very
encouraging. A more detailed fine-tuning of the calibration aspects along with appropriate background
modelling will bring out more refined results from the
instrument, which is being worked out. Light curves of

different sources observed by SSM will be made available in the SSM website hosted at Indian Space Science
Data Centre (ISSDC). Once the data flow from SSM is
in place, more alerts on transient outbursts of the X-ray
sources observed is expected.
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