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Integrated Astrosat before launch 
weight: 1.5 ton

LAXPCLAXPC

LAXPC UVIT

SXT

CZTI

SSM

Weight 1450 kg
orbit 650 km altitude circular 6deg inclination

UVIT VIS: 320-550 nm 
UVIT NUV: 200-300 nm 
UVIT FUV: 130-180 nm 

SXT: 0.3 - 8 keV 

LAXPC (3 units): 3 - 80 keV 

CZTI: 30 - 150 keV coded 
          (up to 380 keV open) 

SSM (3 cameras): 2-10 keV 

Launched 28 Sep 2015

AstroSat instruments



AstroSat Operations

ISTRAC, 
PEENYA

ISSDC, 
BYLALU

POCS

LAXPC: TIFR, RRI 

UVIT: IIA 

SXT: TIFR 

CZTI: IUCAA 

SSM: ISAC, IUCAA
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ASTROSAT SCIENCE SUPPORT CELL Proposal streams: 
GT, AO : annual cycles Oct-Sep 
TOO, Cal: always open

A05 submissions ended on 20/03/18



kHz QPO detection by LAXPC

4U 1728-34 
8 March 2016
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Fig. 3.— Dynamic power spectra of 4U 1728-34 in the energy
range 3–20 keV (top panel). A drifting kHz QPO whose frequency
changes from ∼ 815 Hz to ∼ 850 Hz is clearly visible. The middle
panel shows the variation of σ ≡ (P − Pn)/∆P showing that the
QPO is significantly detected. The bottom panel shows the co-
added power spectra after aligning the QPO frequency. No other
features are detected in the 200 - 2000 Hz.

presence of a drifting kHz QPO. This was confirmed us-
ing dynamic power spectra analysis; the results of which
are shown in top panel of Figure 3. The dynamic power
spectra were created by splitting the 3-20 keV light curve
into 16 parts of 147.97 seconds each. Each part was
then divided into 289 segments of 0.512 seconds. The
power spectra have been normalized such that the Pois-
son level, PN is at 2 i.e. they are “Leahy” normal-
ized (Leahy et al. 1983). The ∼40 microsecond dead-
time of the instrument reduces the noise level slightly
to ∼ 1.95. Power spectra were created for each of the
289 segments and averaged. Hence, the error on the
power at each frequency, ∆P/P is 1/

√

(N) = 1/
√

(289)
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Fig. 4.— Time lag as a function of energy for the kHz QPO.
The reference band here is 5-10 keV. Even for the short duration
of ∼ 2500 seconds data the time-lag can be constrained to < 100
microseconds.

or 5.9 %. The middle panel of Figure 3 shows the signifi-
cance σ ≡ (P −PN )/∆P for the detections. The Figures
clearly reveal a significant QPO whose frequency drifts
from from ∼ 815 Hz at the beginning of the observation
to ∼ 850 towards the end. To explore the possibility
of any other QPO in the data, we used the standard
shift and add technique where the power spectrum for
each part is shifted such that the QPO frequencies be-
comes aligned and then averaged (Méndez et al. 1998;
Mukherjee & Bhattacharyya 2012). The resultant power
spectrum is shown in the bottom panel of Figure 3 which
shows no other QPO like features.
We test whether the kHz QPO is also detected

at high energies (> 10keV ), especially since ear-
lier RXTE analysis of the source was unable to do
so (Mukherjee & Bhattacharyya 2012). Power spectra
were computed in the 10-20 keV band and following
Mukherjee & Bhattacharyya (2012), the spectra for each
part were shifted in frequency using the QPO detected
in the 3-20 keV spectra as the reference. The avareged
spectrum is shown in the top panel of Figure 4 and the
khz QPO is clearly detected in the high energy band.
Fitting the power spectrum with a Gaussian and a con-
stant component gives χ2/dof = 991.2/982 while only a
constant component gives 1231.8/984 or a ∆χ2 = 240 for
2 additional degrees of freedom.
One does not expect to obtain tight constrains on en-

ergy dependent time-lag from such a short duration data,
especially when the frequency of the QPO is drifting.
Nevertheless, the detection of the QPO in high energy

Rapid oscillation of accretion disc
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Cyclotron Resonance

Scattering caused by electrons in 
teragauss magnetic field
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LETTERSNATURE ASTRONOMY

polarization fraction appears to decrease while the position angle 
increases from the leading edge to the trailing edge, in accordance 
with what is seen in the optical band. At the second peak, however, 
the polarization fraction appears to increase while the position angle 
decreases from the leading edge to the trailing edge, whereas in the 
optical band both the peaks display a similar behaviour.

To assess the robustness of the above results, we examined our 
data in multiple groupings of temporal and spectral blocks and 

confirmed that the same behaviour is reproduced in all of them. 
We also note that in the polarization analysis the measured polar-
ization fraction value follows Rice distribution and hence always 
has a slight positive bias15, particularly when the signal-to-noise 
ratio is low. Our phase-averaged polarization measurements of 
full Crab emission and the off-pulse region have high enough sta-
tistical significance to be not significantly affected by such bias 
(see  Supplementary Information for a more detailed discussion). 
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Fig. 2 | Phase-resolved polarization fraction and polarization angle of Crab. Results of the dynamic pulse phase-resolved polarization analysis for the net 
measured polarization for the total Crab emission. a,b, Polarization fraction (a) and polarization angle (b) as a function of the pulse phase. The error bars 
represent standard 1σ  errors. The light grey lines indicate the pulse profile. The phase bins used to estimate the significance of variation are shown with 
black dots in a. The change in the polarization fraction between off-pulse and peak 1 (centre phase of 0.16 and 0.28); between off-pulse and peak 2 (centre 
phase of 0.92 and 0.69); and within off-pulse (centre phase of 0.92 and 0.03) were found to be 1.8σ , 2.3σ  and 1.8σ , respectively. Polarization angles are 
depicted as arrows in the sky planes plotted on the Chandra and Hubble composite images of the Crab nebula with colour representing the phase bin as 
shown in the plots of the polarization fraction. Since the polarization angles corresponding to two pulses overlap, these are shown in two separate images, 
with the top image showing angles for the phase range 0.0 to 0.5 and the bottom image showing the phase range 0.5 to 1.0. The white arrow represents 
the polarization angle for off-pulse emission in both images. Animated videos of the modulation curves for each of the phase bins used in this analysis are 
available in the Supplementary Information. Image credits: NASA/CXC/ASU.
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Fig. 3 | Polarization angle swing across both pulses. Results of the polarization analysis for multiple phase bins covering the leading and trailing edge, 
respectively (that is, ending and starting approximately at the intensity peak) for both pulses. a, Polarization fraction. b, Polarization angle. The error 
bars represent standard 1σ  errors. The light grey line indicates the pulse profile. The exact ending and starting points for the phase bins correspond to 
the observed minima in the optical polarization fraction, which is shifted from the peak intensity by 0.007 and 0.02 phase for the first and second peak, 
respectively, as reported by Slowikowska et al.14. The colours represent the phase bin width and are present to assist the comparison of the same bin 
widths on leading and trailing edges.
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Polarisation of the Crab PulsarCZTI

GRB prompt emission polarimetry with CZTI 19

Figure 11. polarization fraction as a function of peak energies, E
peak

, for the GRBs for which polarizations have been estimated.
The black points represent the GRBs detected by CZTI (see Table 2), whereas the red points stand for those detected by GAP
and INTEGRAL (see text for details).

Though synchrotron emission is widely believed to be the dominant emission mechanism behind prompt emission
of GRBs, inverse Compton scattering process and thermal emission from expanding photosphere also appear to be
important in many GRBs (Lundman et al. 2014). The dependence of polarization on the spectral and time evolutions
have the potential to clearly distinguish between various models of GRB prompt emission. In this context, finding
GRB 160623A unpolarized in 100 � 300 keV is very interesting as the GRB shows high polarization (⇠60 % with Bayes
factor >1.5) at energies below ⇠200 keV, which indicates a change in the polarization characteristics of the source
at higher energies. A detailed spectro-polarimetric study of the bursts, particularly for GRB 160623A is currently
in progress. The preliminary spectral analysis shows a deviation from the Band model and an additional thermal
blackbody is needed to model the spectrum more precisely for four GRBs (160106A, 160509A, 160802A and 160910A).
The GRBs 160106A, 160509A and 160910A are peculiar as the blackbody spectrum peak attains temperature higher
than peak energy (E

p

) of these GRBs. We have 9 GRBs with afterglow observations and 7 of these have both optical
and X-ray afterglows. Among them, 5 GRBs also have radio afterglows. A multi-band spectral and timing analysis of
the prompt and afterglows emissions together with the polarization measurements can reveal more about the physics
of these sources.
In summary, we describe the CZTI polarimetric analysis method for GRBs in details and present the prompt emission

polarization measurements for 11 bright GRBs. All the GRBs discussed here were detected within the first year after
the launch of AstroSat. We find most of the bursts to be highly polarized, implying either synchrotron emission in a
time independent uniform magnetic field or Compton drag to be the reason for the prompt emission. Given the fact
that all the GRBs except for a couple of bursts are moderately bright, these results are so far statistically the most
significant polarization measurements. CZTI almost doubled the number of GRBs with polarization measurements in
one year and is expected to measure polarization for more GRBs at the same rate. Such a large sample of prompt
emission polarization from CZTI (along with those from POLAR) is likely to significantly enhance our understanding
of the GRB prompt emission.
This publication uses data from the AstroSat mission of the Indian Space Research Organisation (ISRO), archived

at the Indian Space Science Data Centre (ISSDC). CZT-Imager is built by a consortium of Institutes across India
including Tata Institute of Fundamental Research, Mumbai, Vikram Sarabhai Space Centre, Thiruvananthapuram,
ISRO Satellite Centre, Bengaluru, Inter University Centre for Astronomy and Astrophysics, Pune, Physical Research
Laboratory, Ahmedabad, Space Application Centre, Ahmedabad: contributions from the vast technical team from all
these institutes are gratefully acknowledged. TC is thankful for the helpful discussions with D. N. Burrows (PennState),
P. Meszaros (PennState), D. Fox (PennState), K. Frank (PennState), C. B. Markwardt (NASA/GSFC), V. Kashyap

Polarisation of Gamma Ray Bursts 

year 1 sample:  
7 detections, 4 upper limits 

T. Chattopadhyay et al 2017

100-380 keV



CZTI: GRB detections regularly reported on CZTI GRB monitor webpage and in GCN



Report example:  
GRB 180325A

Posted on  
CZTI GRB Monitor 
web page 

http://astrosat.iucaa.in/czti/?q=grb

Four quadrant 
CZT single event 
light curves

Compton event 
light curve 
(for polarisation)

Estimated 
495 
Compton  
events



SSM: Light curves of monitored sources are being made available on the web 
          Flux calibration and background require improvement 
          Automated transient search not yet active



SXT:
J. Astrophys. Astr. (June 2017) 38:29 Page 11 of 11 29

Figure 12. The X-ray spectrum of 1E0102-72.3 as fitted
with the IACHEC model derived from several X-ray observa-
tories carrying a CCD camera in the focal plane of a telescope.
The SXT spectrum was extracted from a radius of 10 arcmin.

9. Conclusion

We have provided an overview of the SXT instrument
and preliminary details of its in-orbit performance. SXT
has observed several interesting targets and data are
being analysed. The results of these observations will
be reported in the literature. Further details of the X-
ray optics, point spread function, vignetting, spectral
response, etc. of the instrument will be presented else-
where.
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Spectral calibration 
with 1E0102-7217 
IACHEC model

Fainter systematic 
features (e.g. gold 
lines from optics) 
seen only in bright 
sources - Modelled 
using Crab spectrum

LAXPC, CZTI: 
Crab main calibrator. Used coordinated IACHEC observations. 
Current systematics LAXPC: Response 2%, Background 3%  
CZTI : Response 1% in bg-subtracted (mask-weighted) spectrum

No contamination effect 
reported yet



10−4

10−3

0.01

0.1

1

10

100

no
rm

al
iz

ed
 c

ou
nt

s 
s−

1  k
eV

−1

Crab Nebula

1 10 100
−4

−2

0

2

4

(d
at

a−
m

od
el

)/e
rro

r

Energy (keV) Anjali Rao

K.P. Singh

SXT
LAXPC

CZTI
Common spectral model 

power law, photon index 2.11

Broadband X-ray Spectroscopy: Crab Nebula

Residuals due to 
gold edge. Addressed in recent modelling.



Avishek Basu et al.: Timing O�set Calibration of CZTI instrument aboard ASTROSAT

Pulsar parameter Value
RAJ (hh:mm:ss) 05:34:31.973
DECJ (dd:mm:ss) +22:00:52.06
F0 (Hz) 29.660740917046
F1 (Hz s≠1) -3.6937842447653e-10
F2 (Hz s≠2) 1.1905449114233e-20
PEPOCH (MJD) 57311.000000136
POSEPOCH (MJD) 40675
DMEPOCH (MJD) 57311.000000136
DM (pc cm≠3) 56.7957
PMRA (mas/year) -14.7
PMDEC (mas/year) 2
WAVE_OM (year≠1) 0.0054325986245971
WAVEEPOCH (MJD) 57311.000000136
DMMODEL (pc cm≠3) 56.7957

Table 2. Table shows the reference timing solution for PSR B0531+21 after accounting for the timing noise and DM variations
using the multi-band observations presented in this paper.
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Fig. 2. Plot of the phase connected TOAs for the Fermi-LAT (yellow cross markers), the ASTROSAT CZTI (green circles),
the GMRT (purple plus markers) and the ORT (gray diamonds) observations. The phase connection was obtained with the high
cadence TOAs derived from the ORT observations and then applied to TOAs from other telescopes. The systematic pattern in
the timing residuals is called timing noise. The TOAs for di�erent telescopes are o�set with each other due to relative delays in
the data acquisition at each telescope.

barycentered TOAs, particularly significant for those de-
rived from low radio frequency ORT topocentric TOAs.
The typical variation in DM is of the order of 0.01 pc cm≠3,
which is equivalent to a shift of 21 and 370 µs at 1390 and
334.5 MHz respectively. Thus, it is essential to correct for
DM variations to obtain reliable estimates for rotational
parameters and lower post-fit timing residuals. We used
the constrained DMMODEL in TEMPO2 to estimate the
o�sets from the chosen reference DM at epochs, where si-
multaneous ORT and GMRT observations were available.
Our measurements are plotted in Fig. 4.

These were used along-with the timing noise model and
the astrometric and rotational model for PSR B0531+21
for a fit to TOAs from the Fermi-LAT, the ASTROSAT-

CZTI, the GMRT and the ORT. This corrects both the
frequency independent and frequency dependent systemat-
ics in these TOAs allowing a more robust determination of
relative o�sets between the telescopes.

4. Results and Discussions
TEMPO2 provides a way to fit the o�sets between di�erent
telescopes and the resulting timing residuals are shown in
Figure 5. Rots et al. (2004) concluded that the X-ray main
pulse leads its radio counterpart by about 344 ± 40 µs.
We can use this measurement to find out the ASTROSAT
pipeline o�set. The relative o�sets between the GMRT and
the CZTI aboard ASTROSAT was found to be -4722 ± 94
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Fig. 5. Post fit residuals after fitting the o�sets between di�erent telescopes. The symbols used are same as those used in Fig. 2.

Fig. 6. Crab pulse profile as observed on MJD 57772 and 57416 with two new components observed on MJD 57772 and one on
57416. The extra detected components are labeled as OPC1 and BC for the MJD 57772 and OPC2 for MJD 57416. The MPs in
the two profiles are aligned. The second panel shows an example of our Lorentzian fit to one such pulsed component.

radio≠ high energy correlation. Such a study is currently
underway.
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Absolute Time calibration 
with Crab pulsar 

CZTI - Fermi - Radio



Secular trend seen in CZTI
CZTI Gain in 30 months since launch

Definitive trend in reduction of Gain in 30 months, 0.5 keV change at 60 keV

Reduction of gain: 
0.5 keV at 60 keV in 30 months

Also slow reduction of Crab norm is indicated 

Gradual rise in noisy pixels (which are then disabled): rise by < 1% in the last 2 years

~20% of CZTI pixels were 
found to have ~3x reduced 
gain immediately after launch.  
No new pixel has developed 
this since.



AstroSat mission status
Nearly 2.5 years in orbit, 13600 revolutions,  
   1000 individual pointings, ToOs being executed 
   more frequently now 

UVIT:  Recurring issues with NUV control electronics 
           - monthly reset being executed 
           - twice have gone into hibernation, latest after       
             the reset on 20 March.  Recovery attempts  
             currently ongoing. 
          FUV and VIS channels functioning normally 

LAXPC: Unit 3 had gas leak.  Switched off on 8 March 2018 
              Unit 1 showed anomalous counts since 26 March 2018 
                         operating with reduced HV since 29 March 2018 

SSM: Operating with two cameras, the third had gas leak



Ongoing payload/cal actions

• NUV channel recovery attempt 

• Crab and bg observation to calibrate LAXPC with new HV 

• Stabilisation of LAXPC-1 (widen SAA avoidance region) 

• Analysis of recent IACHEC coordinated data 

• Improvement of LAXPC background model and response 

• Modelling non-uniform background on CZTI detector 

• Cross calibration of absolute timing between all AstroSat 
instruments 

• SSM flux estimate consistency improvement 

• Online data analysis facility: SXT, CZTI


