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Photon energies in the 
High Energy regime are 
large enough to dislodge 
electrons from atoms. 

Typically ~0.1-10 keV 
band is called “Soft” X-
rays, ~10-500 
keV band is called “Hard” 
X-rays and above 500 
keV, gamma rays. 
Between Visible and Soft 
X-rays lie the Ultraviolet 
bands (NUV, FUV, EUV)

X-rays

!-rays

UV



High Energy photons do not penetrate the Earth's atmosphere 
So Astronomy at these energies is done using balloons, rockets and satellites

For very high energy (TeV+) gamma rays the atmosphere itself can 
be used as a detector - air showers / Cherenkov radiation
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This workshop will feature three missions: Chandra, XMM and AstroSat 
covering UV to hard X-rays

Scope of this lecture will be to introduce astronomy in the X-ray bands



Early Milestones in X-ray Astronomy

First Rocket Flight with X-ray detector 

          Jan 28, 1949, USA: detected X-ray emission from  
         the Sun 
  
First X-ray detection from outside solar system 

         June 12, 1962: US sounding rocket detects Sco X-1 

First X-ray Astronomy Satellite Mission 

        Uhuru (NASA) launched 12 Dec 1970  
        from Kenya.  Surveyed the sky in 2-20  
        keV band. Catalogued 339 sources.

Uhuru replica in US 
Air and Space Museum



The four dimensions of X-ray Astronomy

• Imaging

• Spectroscopy

• Timing (flux variability)

• Polarimetry



Some operating X-ray Astronomy missions
Suzaku

Swift

Broad band spectroscopy

Chandra

XMM - Newton

Swift
High res imaging,  
grating spectroscopy

Medium res imaging,  
grating spectroscopy

NASA

ESA

NASA

Med res imaging, low-res  
spectroscopy, large FOV, 
quick slew, soft - hard X

Pictures from NASA, ESA and  ISRO

NASA

Hard X-ray imaging & spectroscopy Simultaneous multi-wavelength 
Timing, long-term monitoring

Astrosat
ISRO

NICER
Aboard ISS, NASA

Soft X-ray Timing and Spectroscopy

INTEGRAL

ESA

Fermi
NASA

Gamma Ray 
Observatories



How are X-rays produced ? 

        Requires highly energetic particles 

        In the cosmic setting, X-rays are produced by three main 
        processes: 

        1.  From very hot gas (Temperature > 1 million K), 
            thermal bremsstrahlung emission, atomic transitions 

        2. From relativistic electrons streaming through 
            magnetic fields, synchrotron emission 

        3. Compton Scattering of low-energy radiation field 
            by energetic electrons



A wide variety of celestial objects produce X-rays 

- Accreting neutron stars and black holes are among the brightest 

- Solar type stars, remnants of supernovae, diffuse hot gas in 
   galaxies and clusters, gamma ray burst sources are among other 
   prominent sources of X-rays  



Yohkoh satellite image

Coronal X-ray emission in low-mass stars
Centre (VSSC, Thiruvananthapuram), Inter-University Center for Astronomy and 
Astrophysics (IUCAA, Pune), Space Application Centre (SAC, Ahmedabad) and in 
collaboration with the University of Leicester (UK) and the Canadian Space Agency.  
 
The Chandra program is managed by the NASA’s Marshall Space Flight Center, Alabama 
(USA). The flight operations and the Chandra Science are controlled by the Smithsonian 
Astrophysics Observatory in Cambridge, Massachusetts (USA). 
 
The Hubble Space Telescope is a project between the NASA and European Space Agency 
(ESA). The telescope is managed by the NASA Goddard Space Flight Centre, Maryland (USA) 
whereas the science operations are conducted at the Space Telescope Science Institute, 
Maryland (USA).  
 
The project on the detailed high-energy picture of our nearest extrasolar neighbour – Proxima 
Centauri is  collaboration between the Indian Institute of Astrophysics (Bengaluru, India), Tata 
Institute of Fundamental Research (Mumbai, India), Hamburger Sternwarte- Universität 
Hamburg ( Germany), Max Planck Institute for Extraterrestrial Physics (Garching, Germany), 
University of Colorado (Boulder, US), Zentrum für Astronomie und Astrophysik - Technische 
Universität Berlin (Germany), Astronomisches Rechen-Institut (Heidelberg, Germany), 
University of London (UK), Laboratoire d'Astrophysique (Paris, France) 
 

 
 

 
 
 

Figure: An artist impression of the flare observed on our nearest exoplanet hosting neighbor-
Proxima Centauri (Image Credit: NASA Goddard space flight center).  Zoom in shows the light 
curves of the flare observed by our team on Proxima Centauri with the Astrosat SXT in 0.3-3.0 
keV (top panel), Chandra LETG zeroth order in 0.1-12.0 keV (middle panel) and HST FUV in 
120-170nm (bottom panel) on 31 May 2017.  
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Chandra X-ray Observatory

Supernova Remnant Cassiopeia A

• Forward Shock 
• Reverse Shock 

• Thermal continuum 
• Synchrotron 
• Line emission

Hwang et al 2004



SNR map in spectral lines: Grating spectroscopy

Composition, distribution and thermal state of matter 
Nucleosynthesis and gas enrichment

SNR 1E0102.2-7219 Chandra HETG

Flanagan et al 2004



XMM-Newton RGS spectrum

Vink et al 2004



Pulsar

The Crab Nebula

IR Optical UV X-ray

Chandra X-ray Observatory

Emission from non-thermal 
relativistic plasma generated 
by the pulsar

Featureless power-law 
X-ray spectrum



Magnetospheric emission from isolated pulsars in multiple wavebands

heasarc.gsfc.nasa.gov
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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.

NATURE ASTRONOMY | www.nature.com/natureastronomy

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved. © 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

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.

100a b 180

170

160

Po
la

riz
at

io
n 

an
gl

e 
(d

eg
)

150

140

130

120

80

60

40

20

0
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Phase Phase

Po
la

riz
at

io
n 

fra
ct

io
n 

(%
)

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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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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Fig. 2.—High-energy photon density in the magnetosphere of 30�

rotator. Compared to the 60� inclined solution, the return current
layer inside the light cylinder is a significantly more e�cient photon
emitter. The kink instability of the current sheet beyond the light
cylinder is also more active.

Fig. 3.— Downsampled distribution of high-energy photons in
the magnetosphere of 60� inclined pulsar. Red dots show photons
propagating outward, and yellow dots show photons which pro-
pogate back to the star. Region near the Y-point contains both
kinds of photons. Color in the plane shows the mangetospheric
current density.

around the Y-point produces most of the simulation pho-
tons. As shown in Figure 3, the region near the light
cylinder also supports a counter-streaming photon dis-
tribution. We find that the backward propagating pho-
tons are emitted mostly by electrons, which were cap-
tured by the current sheet and reversed by the outward
pointing reconnection electric field. The outgoing pho-
tons near the Y-point are mostly produced by the escap-
ing positrons4, which come from the return layer or the
wind. Counter-streaming photon flows are highly favor-
able for pair production. Lyubarskii (1996) was the first
to estimate the pair production e�ciency in the current
sheet. This analysis can be improved by taking backward
propagating photons into account.
We observe the equatorial current sheet to be unstable

to both drift-kink and tearing instabilities. Plasmoids,
which are produced by the tearing instability of the cur-
rent sheet, are noticeable in three-dimensional current
density distribution, as shown in Figure 5c. The drift-
kink instability mostly disappears at high inclinations
(see the di↵erence in the current sheet shape in Figure 1
and Figure 2), since r⇥B is supported there mainly by
the displacement current.

3.2. Particle acceleration

Near the star, particles are accelerated in regions of
super-GJ current, jk/jGJ > 1, and in the return cur-
rent layer, where jk/jGJ < 0 (Beloborodov 2008; Tim-
okhin & Arons 2013). These regions are highlighted in
the distribution of the magnetospheric current presented
in Figure 4a. As a consequence of e�cient particle accel-
eration, e± discharge is ignited. We show particle phase-
space distribution on field lines which carry super-GJ
and return current in Figure 4b and c, respectively. In
both regions the accelerating voltage fluctuates around
the value set by the pair production threshold. In the
bulk of the polar cap, where jk/jGJ > 1, electric field
accelerates electrons outwards and pushes positrons in-
ward. As the voltage gets screened by freshly produced
pairs, acceleration of the primary particles ceases, and
the pair cloud escapes from the discharge zone. We also
observe particles leaking from the cloud and propagat-
ing back to the star (Timokhin & Arons 2013). In the
return current layer, accelerating electric field extracts
ions from the stellar surface, which are unable to pro-
duce pairs. In this case, electrons which return back
from previous discharge episodes or the Y-point, accel-
erate toward the star and initiate the discharge. Freshly
produced positrons are accelerated outward, similar to
ions, and start to produce pairs. We find that an anal-
ogous situation happens in the half of the polar cap of
the orthogonal rotator where ⇢GJ > 0 and ions are ex-
tracted. Thus, models with free particle escape are con-
sistent with observations of radio interpulses, where both
parts of the polar cap are observed to power coherent ra-
dio waves (Beskin 1990). Finally, in Figure 4d we show
the phase-space distribution on field lines which carry
sub-GJ current, 0 < jk/jGJ < 1. Here, the accelerating
electric field is screened by the multi-streaming charge-
separated flow of electrons with low energies, and the
disharge is not ignited. As it is clearly seen in Figure

4 We are considering the case ~⌦ · ~B > 0
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Conclusion

The striped wind structure

Asymptotic MHD solution: oblique rotator (Bogovalov 1999)
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Properties
assumes only a Bϕ component decreasing like 1/r
an exact analytical expression for Bϕ is known
independent of the magnetospheric structure inside the light cylinder
discontinuous magnetic polarity reversal.

Philippov & Spitkovsky 2018

Petri 2013

Clues from polarisation measurements 
OSO-8    (Weiskopf et al 1978) 
POGO+  (Chauvin et al 2017)   
AstroSat CZTI   (Vadawale et al 2018)

Ab-initio magnetospheric model 
Striped Wind



A wide variety of celestial objects produce X-rays 

- Accreting neutron stars and black holes are among the brightest 

- Solar type stars, remnants of supernovae, diffuse hot gas in 
   galaxies and clusters, gamma ray burst sources are among other 
   prominent sources of X-rays  

The X-ray sky is extremely variable.  Bright sources appear and  
disappear at short time scales

Wikipedia



NGC 1637

CXO 21-month sequenceCXO 21-month sequence



NGC 1637
GRS 1915+105 intensity variations

Fender & Belloni 2004



Dewangan et al 2005

QPO in Black Hole Binary systems
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Pasham et al 2019

QPO in Tidal Disruption Event
ASASSN 14 li

Indicates fast spin of the BH



The time evolution

Three outbursts of GX 
339-4

Different in time 
evolution

Similar in HID/HRD
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Black Hole Binary Hardness-Intensity diagram



Hard state

Soft state

Accreting Black Hole: Radiation Components

• Thermal disk radiation (soft) - matter closest to BH hottest :  ISCO
• Compton upscattered hard photons from hot electrons
• “Reflected” hard photons from the accretion disk
• Fe K-α line
• Jets and outflows, non-thermal synchrotron

Smaller for
- lower M
- higher J
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Active Galactic Nuclei: Supermassive BH

ned.ipac.caltech.edu



Laor 1991

Wilms et al 2001

Relativistic Fe line: indicator of Black Hole spin



Laor 1991

Wilms et al 2001

XMM-Newton

Relativistic Fe line: indicator of Black Hole spin

MCG 6-30-15



Dipankar Bhattacharya Astronomical Society of India Meeting, Christ University, Bengaluru 21 February 2019

The best-fit black hole spin parameter and spectral hardening
factor with 3σ errors are 0.924 0.007

0.016
-
+ and 1.56 0.09

0.06
-
+ , respectively.

All best-fit parameters are found to be similar to those estimated
from separate AstroSat and Chandra spectral analyses.

4.4. MCMC Simulations and Results

To check whether best-fit parameter values from Chandra,
AstroSat, and Chandra+ AstroSat joint spectral analyses represent
global solutions, we perform MCMC simulations of spectral
parameters of all three spectral fits. If a large number of free
parameters are involved in spectral modeling (e.g., our best-fit
spectral model has a maximum of 13 free parameters, including
cross-calibration factors), then the use of the χ2 minimization
technique is not always reliable for estimating the model
parameters (Reynolds et al. 2012). As an independent check,
we employ the following MCMC simulation technique for
validation of results obtained from our χ2 minimization method.
As X-ray spectral counts usually follow a Poisson distribution, we
replace the conventional χ2

fit statistic with the appropriate
statistic for Poisson data (pgstat in XSpec). This assumes a
Poisson distribution of source spectral counts but a Gaussian
distribution of background counts. The derivation of the profile

likelihood of pgstat is similar to that of the likelihood of the C-
statistic. With the new fit statistics, we run 5×105 element chains
starting from a random perturbation away from the best fit and
ignoring the first 50,000 elements of the chain. The distribution of
the current proposal (i.e., an assumed probability distribution for
each Monte Carlo step to run the simulation) is assumed to be
Gaussian with a rescaling factor of 0.001. We use the Goodman–
Weare algorithm for MCMC simulations with 10 walkers.
The top left, top right, and bottom left panels of Figure 7

show the black hole spin parameter as a function of the number
of MCMC chain steps during Chandra/HEG, AstroSat/SXT
+ LAXPC, and Chandra/HEG+ AstroSat/SXT+ LAXPC spec-
tral fits, respectively. We may note that during the Chandra,
AstroSat, and Chandra+ AstroSat joint spectral fitting the spin
parameter is consistent within the range of 0.88–0.96. The
bottom right panel shows the probability distributions of the
black hole spin parameter obtained from MCMC simulations
for three different spectral fits. The three probability distribu-
tions have significant overlap with each other, and their 3σ
range is 0.88–0.96. However, it is important to check how well
the spectral hardening factor is constrained, since the spin

Figure 6. Top left panel: Chandra/HEG spectral fitting (with a spectral bin size of eight channels), and the residual using an absorbed, relativistic, disk blackbody
model kerrbb along with Gaussian absorption features. With this model an additional convolution Comptonization model simpl is used to fit AstroSat/SXT,
AstroSat/LAXPC10, and AstroSat/LAXPC20 joint spectra, which is shown in the top right panel along with the residual. Bottom left panel: joint fitting of Chandra/
HEG and AstroSat/SXT+ LAXPC10+ LAXPC20 spectra with the same continuum model as the previous one. Bottom right panel: unfolded model spectra without the
absorption in the unit of E*E*f(E). The model spectrum peaks at ∼3–4 keV.
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parameter is known to have a dependency on the spectral
hardening factor.

To check the relation between the spin parameter and the
spectral hardening factor, we extract MCMC-derived 1σ, 2σ,
and 3σ integrated contours of the black hole spin parameter as a
function of the spectral hardening factor from the marginal
probability distribution of fitted spectral parameters from
Chandra/HEG and Chandra/HEG+AstroSat/SXT+LAXPC
and plot them in the top left and top right panels of Figure 8,
respectively. From both panels, it is clear that the spectral
hardening factor is constrained in the range of 1.5–1.7 with the
99.7% confidence level. This is a little lower than the typically
used value of the spectral hardening, i.e., 1.7, but it is in
agreement with the fact that both Chandra and AstroSat spectra
are observed during the HS state. This is because Salvesen
et al. (2013) showed that during the HS state and at an X-ray
flux >10−8 ergs s−1 cm−2 in the 0.1–10 keV range, the spectral
hardening factor is usually less than 1.7.

To check whether there is degeneracy among model
components, e.g., degeneracy between simpl and kerrbb
model parameters, in Figure 8 we plot 1σ and 2σ contours of
the MCMC-derived black hole spin parameter from the

kerrbb model versus (1) MCMC-derived simpl photon
power-law index (bottom left panel) and (2) simpl Comp-
tonization scattering fraction (bottom right panel), used to fit
Chandra/HEG+AstroSat/SXT+LAXPC spectra. Both plots
show that the 3σ range of photon power-law index is between
2.7 and 3.0 and the Comptonization fraction is between 3.2%
and 3.5%.
Such a result implies that the black hole spin parameter

obtained from our analysis is robust, and with the measurement
using independent instruments like Chandra/HEG, AstroSat/
LAXPC, and AstroSat/SXT, it is well constrained in the range
of 0.88–0.96 with the 3σ limit.

5. Discussion and Conclusions

In this work, we study the 2016 X-ray outburst from the
black hole X-ray transient 4U 1630–47. Using MAXI and
Swift/BAT 1-day-averaged light curves in different energy
bands, we show that the outburst is visible in the 2–4 keV and
4–10 keV energy ranges and is marginally detected in the
15–50 keV hard X-ray band only during the decay phase of the
outburst. During the rising phase, the nondetection in the hard
X-ray and radio bands confirms that the source has undergone a

Figure 7. Results from MCMC simulations of fitted spectra. MCMC-simulation-derived black hole spin parameter vs. number of chain steps used in simulations is
shown for Chandra/HEG spectral fitting (top left panel), AstroSat/SXT+AstroSat/LAXPC joint spectral fitting (top right panel), and Chandra/HEG+AstroSat/
SXT+AstroSat/LAXPC joint spectral fitting (bottom left panel). Th bottom right panel shows the probability distributions of the spin parameter for three different
joint spectral fits. Note that the black hole spin parameter from all three distributions is consistent with 0.92 0.04

0.04
-
+ (see Section 4.4).
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keV). The CRSF is deeper near the secondary peak (phase
0.65-0.95) than the primary peak (phase 0.2-0.3), and lot
of variation is detected near the primary pulse. It was not
possible to constrain the CRSF width at the rise (phase 0.0-
0.2) of the primary peak and during secondary peak (phase
0.5-0.8) and was frozen to the phase averaged value ∼ 2.0
keV instead for these phases. The overall pattern implies a
complex pulse phase dependence of the CRSF parameters
which are evident especially from the sliding phase resolved
spectroscopy. The parameter variations are consistent with
that obtained from the independent phase bins.

3 DISCUSSION AND CONCLUSIONS

We presented here the first results of 4U 1538–522 using
a LAXPC observation onboard AstroSat. We probed the
timing and spectral properties of the source especially at
hard X-rays and presented the most detailed results of pulse
phase resolved spectral analysis available for the source till
date.

Hemphill et al. (2016) reported a long term increase
in the CRSF centroid energy by ∼ 1.5 keV between the
1996–2004 RXTE and 2012 Suzaku measurements. The
authors obtained a linear increasing trend of 0.058±0.014
keV yr−1. This would imply an increase of 0.29 keV
between the Suzaku and AstroSat measurements which
would be impossible to detect given the error bars of
the measurements. Our reported centroid energies of
Ecyc = 21.9 ± 0.2 keV with the ‘newhcut’ continuum model
and Ecyc = 22.76 ± 0.26 keV with the ‘fdcut’ continuum
model are however consistent with that obtained from the
Suzaku data while all the earlier RXTE measurements
were below 21 keV. Our results are comparable to results
obtained by Hemphill et al. (2016). The obtained result
from our work further strengthens the claim of a long term
increase in Ecyc, rather than the Suzaku , measurement rep-
resenting a short-term or a local increase in Ecyc. The long
term increase indicates a local change or reconfiguration in
the line forming region, thereby resulting in an increased ef-
fective magnetic field strength (Mukherjee & Bhattacharya
2012). However future observations separated by sufficiently
large time gaps will be able to ascertain whether the trend
is linearly increasing or the increase was due to a sudden
change in the line-forming region which caused this change
in Ecyc.

Our results of phase variation dependence of CRSF
energy are in agreement with earlier works. Clark et al.
(1990) studied CRSF energy variation with pulse phase us-
ing Ginga observation. They used power-law as a continuum
component along with a gabs component for CRSF. They
found a 14% variation in CRSF energy with pulse phase.
Hemphill et al. (2014) used Suzaku observations and found
10% variation of same using highecut, fdcut and NPEX
models. The variation using AstroSat LAXPC observation
is ∼ 13%.

The measured flux of 4U 1538–522 in the energy
range of 4.0–40.0 keV indicates a luminosity of 5.1 × 1036

erg s−1 at a distance of 6.4 kpc. At this luminosity the
source is expected to be accreting at the super-critical
regime, with the expected value of Lcrit at ∼ 2 − 4 × 1036

Figure 6. Phase resolved variations of the continuum and CRSF
parameters. Results from the independent phase bins are in black
and of the sliding phase bins are in red.

erg s−1 (see Hemphill et al. 2016, assuming the same dis-
tance). At this regime, the source is expected to trans-
form from a plasma-dominated regime with a dominant
pencil-like emission beaming pattern to a radiation dom-
inated regime with a dominant fan-like emission beam-
ing pattern (Basko & Sunyaev 1976; Becker et al. 2012;
Mushtukov et al. 2015). The complex pulse profile morphol-
ogy and its energy dependence in 4U 1538–522 is however
difficult to be identified with a pure pencil-like or fan-like
beaming pattern. The CRSF parameters also exhibit strong
pulse phase dependence but effects like lightbending, rela-
tivistic beaming, reflection, and the mixing of two columns
makes the interpretation of the CRSF parameters very dif-
ficult. While the results indicate a overall complex beaming
geometry, a detailed modeling of the energy dependence of
the pulse profiles together with the pulse phase dependence
of the CRSF parameters is required to map the complex
variations, a.k.a the accretion geometry in this source. We
leave this for a future work.
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Figure 3. Energy resolved pulse profiles from light curves of data
added from 3 detectors. The 3.0-80.0 keV energy band has been
divided into 7 finer energy bands.

rection was applied to light curve using tool as1bary 2 along
with online tool AstroSat orbit file generator3. We have not
done orbital correction on the photon arrival time as there is
ambiguity about the orbital parameters of this source. Fig. 1
shows the light curves binned at 10 s for LXP10, LXP20
and LXP30 with average source count rates of 88.4,79.9 and
75.6 c/s respectively. Pulsations are clearly seen in the light
curves of all the three detectors. We used the pulse folding
and χ2-maximization method to determine the pulse period
of the pulsar using the FTOOL efsearch. Pulsations were
detected at 527.06 ± 0.11 s using all the three detectors.
Fig. 2 shows the background subtracted pulse profile from
all the detectors integrated in the energy range of 3.0–80.0
keV. Pulse profiles show a double peaked structure with a
primary and secondary peak. To investigate the energy de-
pendence of the same, we extracted pulse profiles in seven
energy bands from 3 to 80 keV, selecting two energy bands
(19.0-22.0 and 22.0-25.0 keV) around cyclotron absorption
feature as shown in Figure 3. The pulse profiles are double
peaked and exhibit significant evolution with energy. The
secondary peak (phase 0.6–1.0) decreases in strength un-
til it disappears for energy > 19 keV. The primary peak
also becomes narrower with energy with pulse fraction in-
creasing from 48% to ∼ 98% (for 40.0-60.0 keV). Pulse frac-
tion in band for the low energy side of CRSF line center
(19.0-22.0 keV) is higher (74%) than to higher energy side
(22.0-25.0 keV) where its value is 70%. Pulsations are de-
tected up to ∼ 60 keV. In 60-80 keV energy band pulsations
are not detected due to poor statistics in data. The pattern
of evolution of the pulse profiles with energy are consistent

2 http://astrosat-ssc.iucaa.in/?q=data_and_analysis
3 http://astrosat-ssc.iucaa.in:8080/orbitgen/
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Figure 4. Source and background spectra used for spectroscopy
used in this work.
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Figure 5. Pulse-phase-averaged spectrum of 4U 1538-52 along
with best fit model using LXP10 data. Top panel shows data
(Black) and model (Red). Middle panel shows residuals when
model does not contain component for CRSF. Bottom panel show
residues when CRSF component is included in the model.

with the results from Ginga (Clark et al. 1990) , BeppoSAX
(Robba et al. 2001), and Suzaku (Hemphill et al. 2014).

2.2 Spectral analysis: Broadband spectroscopy

Spectra were extracted from all the 1024 channels which
encompassed the full energy range of 3.0-80.0 keV. Total
exposure of the source spectrum is ∼ 50 ks. The earth
occulted spectrum was used as background, which is shown
along with the spectrum during the source observation
in Figure 4. X-ray photons with energy higher than the
K-shell energy of Xenon, i.e 34.0 keV, produce fluorescence
emission which in some cases lead to simultaneous dou-
ble events. Spectra of the fluorescent events among the
double events are used for gain calibration. During this
observation, due to higher gain in LXP20, some of the
double events are not recorded within the preset window
for fluorescent events. Therefore, LXP20 data was not used
for spectroscopy. Data from LXP30 was also not used for
spectroscopy as it has a continuously varying gain and de-
creasing effective area due to gas leakage (Antia et al. 2017).

The spectra of accretion powered pulsars are widely
modeled phenomenologically by a power-law with quasi
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Figure 3. Energy resolved pulse profiles from light curves of data
added from 3 detectors. The 3.0-80.0 keV energy band has been
divided into 7 finer energy bands.

rection was applied to light curve using tool as1bary 2 along
with online tool AstroSat orbit file generator3. We have not
done orbital correction on the photon arrival time as there is
ambiguity about the orbital parameters of this source. Fig. 1
shows the light curves binned at 10 s for LXP10, LXP20
and LXP30 with average source count rates of 88.4,79.9 and
75.6 c/s respectively. Pulsations are clearly seen in the light
curves of all the three detectors. We used the pulse folding
and χ2-maximization method to determine the pulse period
of the pulsar using the FTOOL efsearch. Pulsations were
detected at 527.06 ± 0.11 s using all the three detectors.
Fig. 2 shows the background subtracted pulse profile from
all the detectors integrated in the energy range of 3.0–80.0
keV. Pulse profiles show a double peaked structure with a
primary and secondary peak. To investigate the energy de-
pendence of the same, we extracted pulse profiles in seven
energy bands from 3 to 80 keV, selecting two energy bands
(19.0-22.0 and 22.0-25.0 keV) around cyclotron absorption
feature as shown in Figure 3. The pulse profiles are double
peaked and exhibit significant evolution with energy. The
secondary peak (phase 0.6–1.0) decreases in strength un-
til it disappears for energy > 19 keV. The primary peak
also becomes narrower with energy with pulse fraction in-
creasing from 48% to ∼ 98% (for 40.0-60.0 keV). Pulse frac-
tion in band for the low energy side of CRSF line center
(19.0-22.0 keV) is higher (74%) than to higher energy side
(22.0-25.0 keV) where its value is 70%. Pulsations are de-
tected up to ∼ 60 keV. In 60-80 keV energy band pulsations
are not detected due to poor statistics in data. The pattern
of evolution of the pulse profiles with energy are consistent

2 http://astrosat-ssc.iucaa.in/?q=data_and_analysis
3 http://astrosat-ssc.iucaa.in:8080/orbitgen/
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Figure 5. Pulse-phase-averaged spectrum of 4U 1538-52 along
with best fit model using LXP10 data. Top panel shows data
(Black) and model (Red). Middle panel shows residuals when
model does not contain component for CRSF. Bottom panel show
residues when CRSF component is included in the model.

with the results from Ginga (Clark et al. 1990) , BeppoSAX
(Robba et al. 2001), and Suzaku (Hemphill et al. 2014).

2.2 Spectral analysis: Broadband spectroscopy

Spectra were extracted from all the 1024 channels which
encompassed the full energy range of 3.0-80.0 keV. Total
exposure of the source spectrum is ∼ 50 ks. The earth
occulted spectrum was used as background, which is shown
along with the spectrum during the source observation
in Figure 4. X-ray photons with energy higher than the
K-shell energy of Xenon, i.e 34.0 keV, produce fluorescence
emission which in some cases lead to simultaneous dou-
ble events. Spectra of the fluorescent events among the
double events are used for gain calibration. During this
observation, due to higher gain in LXP20, some of the
double events are not recorded within the preset window
for fluorescent events. Therefore, LXP20 data was not used
for spectroscopy. Data from LXP30 was also not used for
spectroscopy as it has a continuously varying gain and de-
creasing effective area due to gas leakage (Antia et al. 2017).

The spectra of accretion powered pulsars are widely
modeled phenomenologically by a power-law with quasi
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Pulse profile of a small hotspot on a NS surface

Measuring Neutron-Star Masses and Radii 3

Fig. 2.— Contours of constant fractional rms amplitude of pul-
sations generated by a hot spot on the surface of a neutron star
spinning at 1 Hz, as a function of the assumed stellar mass and
radius. The remaining parameters of the calculation are the same
as in Figure 1. The contours lie along lines of constant M/Req.
This is expected given that the fractional rms amplitude depends
on the amount of gravitational lensing experienced by the photons
and the latter, for a slowly spinning neutron star, depends only on
M/Req.

danov et al. 2007). Therefore, for systems in which the
surface emission is highly localized, as is expected to be
the case during the first fraction of a second of an X-ray
burst before the burning front has propagated to a signif-
icant distance away from the ignition point (Strohmayer
et al. 1997, 1998) and for polar-cap heating in the case
of rotation-powered pulsars (e.g., Bogdanov 2013), the
spot size can be eliminated as a parameter. As a result,
the pulse profile is determined only by four parameters:
M , Req, i, and θs. In the following section, we show that
these four parameters can be independently inferred from
realistic pulse profiles if we use neutron stars that spin
at moderate rates and utilize the photon-energy depen-
dence of the profiles.

3. MEASURING NEUTRON-STAR PARAMETERS FROM
PULSE PROFILE MODELING

3.1. Slowly Spinning Neutron Stars

The external spacetime of a slowly spinning neutron
star depends only on its compactness GM/Rc2. There-
fore, modeling pulse profiles observed from such systems
can only lead to a measurement of M/Req and not of the
two parameters independently. We illustrate this degen-
eracy in Figure 1, where we show the pulse profiles from
two slowly spinning (1 Hz) neutron stars, with substan-
tially different masses and radii but with very similar
compactness. In Figure 2, we further demonstrate the
degenerate dependence of pulse profiles on M/Req. In
particular, we plot contours of constant fractional root-
mean-squared (rms) amplitude on the mass-radius plane
for a neutron star spinning at 1 Hz, while keeping fixed
the inclination of the observer to i = 30◦ and the colati-
tude of the hot spot to θs = 40◦. As expected, the con-
tours are lines of constant M/Req. In the next section,
we will discuss how these contours change as a function
of the neutron-star spin frequency.
Figure 1 also demonstrates that the pulse profile is

highly sinusoidal by comparing the result of the ray-

Fig. 3.— Pulse profiles generated by a circular hot spot on the
surface of a neutron star spinning at 1 Hz. In this case, the hot spot
has a radius ρ = 10◦, is located at a colatitude θs = 80◦, and is
observed from an inclination i = 90◦ with respect to the spin axis,
such that it is occulted by the neutron-star surface for a fraction of
the spin period. The solid line shows a truncated sinusoid that best
describes the result of the ray-tracing calculation. Even though the
occultation generates a large number of measurable harmonics, the
pulse profile can be accurately described by only two numbers: its
amplitude and the duration of the occultation.

Fig. 4.— The pulse profile and the phase dependence of a spectral
color for a neutron star spinning at 600 Hz. In this calculation,
the colatitude of the spot is θs = 40◦ and the inclination of the
observer is i = 60◦. The spectral color is defined here as the ratio
of the number of photons with energies above the temperature of
the blackbody emission to the number of those below. The peak of
the spectral color occurs close to the phase at which the tangential
velocity of the surface is maximum. On the other hand, the peak of
the radiation flux occurs close to the phase at which the projected
area of the hot spot is maximum. For this reason, the former
precedes the latter. The dashed line shows the sinusoid that has
the same amplitude as that of the fundamental harmonic of the
oscillations.

tracing calculation to a pure sinusoid with the appro-
priate phase and amplitude. This implies that, even if
the signal to noise of an observation allows splitting the
observed pulse profile into a large number of phase bins,
the complete information content in the profile is cap-
tured by a single quantity: the amplitude of the sinu-
soid. In other words, if we decompose the pulse profile of
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DETECTING THE MISSING BARYONS 5

Fig. 2.— Stacked Chandra ACIS-LETG spectrum of H1821+643 around the rest-frame wavelength of the OVII ion. The spectrum is
binned at 0.0125 Å. To construct the stacked spectrum, we blueshifted the original 470 ks spectrum 17 times corresponding to the redshift
of each of the absorption line systems (Tripp et al. 1998). The resulting spectra were then co-added. We stress that the redshifts of the
absorption line systems were known a priori. Hence, this work does not involve a blind search for metal absorption lines. The combined
exposure time of the stacked Chandra spectrum is 8.0Ms. At the rest-frame wavelength of OVII (21.6 Å), we detect an absorption line
with a Gaussian line profile. The yellow vertical line denotes the rest-frame wavelength of OVII, red solid curve is the fitted model. The
statistical significance of the detection is 3.3σ. The corresponding equivalent width of the line is (4.1± 1.3) mÅ.

λrest = λobs(1 + z)−1, where z is the redshift of the in-
dividual absorption lines. This, in turn, shifts the lines
to their rest-frame wavelengths, allowing us to stack the
spectra associated with different UV absorption line sys-
tems.
To stack the spectra and response files that are shifted

to the rest-frame wavelength, it is necessary to have them
on the same wavelength grid. However, the LETG wave-
length grid is non-uniform, and hence the blueshifted
spectra and response files cannot be directly co-added.
To overcome this issue, we applied two operations on the
spectra and response files: rebinning and cropping.
To rebin the data, we first defined a universal wave-

length grid, which consists of bins with uniform widths
of 0.0125 Å. The particular choice was motivated by the
fact that this bin size corresponds to a factor of four
oversampling of the 0.05 Å resolution of LETG, and rep-
resents the default bin size of LETG. Therefore, the re-
binned spectra have approximately the same number of
bins as the original spectra, which means that rebinning
does not distort any of the observed spectral features.
To further confirm this, we rebinned the spectra and
the response files using different binning factors, such
as 0.025 Å or 0.05 Å. We conclude that the results pre-
sented in this work are not affected in any statistically
significant way by the particular rebinning factor.

Since the relevant metal lines are in the λ = 10− 35 Å
wavelength range, we cropped the spectra and retained
only this wavelength range. Following these steps, we
stacked the 17 blueshifted spectra and response files us-
ing combine grating spectra task.
The end result of our stacking procedure is a single co-

added blueshifted spectrum of H 1821+643. This spec-
trum was used to search for absorption lines originating
from various metal lines. Given that we stacked the spec-
trum Nabs = 17 times, the total exposure time of our
stacked spectrum is tstack = texp ×Nabs = 8.0Ms.

3. RESULTS

3.1. Spectral analysis

In this work, we aim to probe whether the Chan-
dra LETG spectrum of H 1821+643 exhibits X-ray
absorption lines originating from the most abundant
ions. Specifically, we investigate the NVI, NVII, OVII,
OVIII, Ne IX, and NeX ions, which are the most abun-
dant ions in the WHIM and the LETG bandpass. Al-
though we may also expect absorption lines at the wave-
lengths of CV and CVI, at the (redshifted) wavelength
of these lines the effective area of ACIS-LETG is about
an order of magnitude lower than that at the wavelength
of the (redshifted) OVII line. Therefore, it is virtually
impossible to probe the existence of CV and CVI absorp-
tion lines in the stacked spectrum of H 1821+643 using

WHIM in the line of sight to QSO H1821+643

Kovacs et al 2019
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GRB prompt emission polarimetry with CZTI 19

Figure 11. polarization fraction as a function of peak energies, Epeak, 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 (Ep) 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
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Polarimetry of GRB prompt emission
GRB 160821A  AstroSat  CZTI
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Figure 1: Light curves & Polarisation analysis results: a) A composite 1 s binned lightcurve of the burst is shown for Fermi detectors: LAT,

LAT-LLE, BGO and NaI, AstroSat/CZTI and Swift/BAT. The red vertical dashed line (at T0 = 0 s) corresponds to the trigger time of Fermi and the

red solid vertical lines mark the beginning and end of the main episode of the burst. The photons detected by Fermi/LAT are shown as red points

in the upper panel with energy information scaling on the right side of y-axis. These LAT detected photons have probability of association with the

same GRB to be greater than 90%. The horizontal red dashed line in the panel, marks the limit (200 MeV) below which most of the LAT photons

are detected. b) Uppermost panel shows the hardness ratio (HR) of the counts LLE (30 MeV - 130 MeV) to sum of the counts in NaI 6 and BGO

1 (8 keV - 30 MeV) (black). In the second top panel, HR of the counts in BGO 1 (800 keV - 30 MeV) to that of NaI 6 (8 keV - 800 keV) light

curves are shown. The light curves are binned in 2.5 s. The time intervals (grey vertical dash dot lines) for which the temporal polarisation study

is done, are shown in both the panels. Third and fourth panels show the polarisation fraction (PF) (black circles) and corresponding polarisation

angle (PA) (black squares) obtained for those time intervals. Also, PF and PA values obtained in the 10 s intervals such that each interval is shifted

by 2.5 s, are shown in the background in shaded green circles and squares respectively. c) The posterior distributions obtained for the change in

polarisation angles, �PA1 (shaded purple) and �PA2 (shaded orange) are shown. The most probable values (�PA1 = 81� and �PA2 = 80�)

are marked by black dash lines. The cumulative distribution function (CDF, green solid curve) is plotted on the right hand y axis. Both the change

in polarisation angles are observed at a confidence level of 99.999%.
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Figure	1:	The	Hitomi	spectrum	of	the	Perseus	cluster	around	the	strongest	emission	
transitions	of	ionised	Iron	(Fe	XXV)5.	Hitomi’s	microcalorimeter	SXS	resolved	individual	
transitions	and	constrained	turbulent	motions	to	an	unprecedented	sensitivity	of	10	km	s-1.	
The	exquisite	spectral	resolution	is	denoted	in	shaded	purple,	compared	to	that	of	current	
generation	CCD	detectors	in	blue	(Suzaku).	Hitomi	is	shown	on	the	top	left.		
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Figure 1. The baseline design of the mission is schematically summarized here. The left panel shows an artistic view of the 
eXTP satellite, with the payload module tower and four LAD panels. In the right panel the top view of the scientific payload is 
shown. The current configuration of the mission includes 11 telescopes of the SFA, 2 telescopes of the PFA, 40 modules for the 
LAD and 3 WFM units, each composed of 2 cameras.   

expected to be about 12′ (FWHM). The telescopes are based on slumped glass optics (SGO) technology and are 
currently developed at the Institute of Precision Optical Engineering (IPOE), of the Tongji University, in China [7]. 
Different type of coatings -“no multilayer” and “multilayer”- are being studied to maximize the total area at 6 keV. 
Different solutions, which meet the requirements of 0.6 m2 at 6 keV and 0.9 m2 between 1 and 2 keV, have been 
obtained. In the current baseline the “no multilayer” option, consisting of only several layers of carbon, nickel and 
platinum or iridium, has been adopted. According to the current configuration the telescope focal length is 4.5 m for 
an aperture diameter of 450 mm.  

 

Figure 2. Left Panel: the effective area (single unit) of the current design of the eXTP SFA optics. On the right panel the very 
first prototype, successfully integrated at IPOE (Tongji University), is shown. The prototype has successfully passed vibration 
(5-6 g) and shock (5g) tests and its first performance testing session. 

 

The baseline detector for the SFA is a 7 pixel Silicon Drift Detector (SDD). Studies on the SFA detector are led by the 
Max-Planck-Institut für extraterrestrische Physik, Garching (Germany). The pixel size is required to be smaller than 3′. 
The energy resolution (FWHM) will be better than 180 eV at 6 keV, while the time resolution of the instrument is 10μs. 
Currently a trade-off study is being performed to understand whether ASICs are a mandatory choice for the detector 
Front End Electronics or whether a solution based on discrete elements electronics can be implemented. A preliminary 
estimate of the SFA expected sensitivity is shown in Figure 3.   

  

2.2 The Large Area Detector (LAD) 

The LAD onboard eXTP uses the same design and technology of the LOFT mission. The eXTP LAD effective area,  
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Summary
• X-ray astronomy is a very active discipline covering an 

impressive range of scales - from the most compact stars 
to clusters of galaxies 

• Tracer of hot gas in the universe - baryon census, galactic 
outflows, feedback, mergers, structure formation history 

• SNR spectroscopy - origin of heavy elements 
• Vital probe of regions of strong gravity  

- Tests of GR 
- Equation of State of dense matter 
- Mass, spin and evolutionary history of Black Holes 

• High energy non-thermal processes - magnetospheres, 
relativistic jets - can be studied in detail. 

• Several missions, including polarimeters, planned for 
launch - exciting prospects ahead


