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Polarisation is relatively unexplored in High Energy Astrophysics

X-ray emission from the following processes should be polarised

•Emission, transmission through magnetic field
•Emission, scattering from non-spherical plasma
•Synchrotron, Cyclotron , Non-Thermal Bremsstrahlung

These objects should produce polarised X-ray radiation
•Accretion powered pulsars
•Rotation powered pulsars
•Magnetars
•Pulsar wind nebulae
•Non-thermal supernova remnants
•Black holes, micro-quasars and active galactic nuclei
•Low Mass X-ray Binaries
•Solar X-rays
•Gamma Ray Bursts

X-ray Polarisation

Crab nebula is the only source for
which high S/N X-ray polarisation
Measurement exists. 
This was made in 1976 & 
recently with Astrosat and PolarLight
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X-ray Polarimetry: Past, Present, and near Future

ASTROSAT – CZTI
Compton Scattering

POLIX – XPoSat
Thomson Scattering

IXPE / Photoelectron Polarimeter

OSO – 8 / Bragg Reflection
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•Bragg reflection: < 3 keV

•Photo-electron track: 2-8 keV

•Thomson scattering: 5-30 keV

•Compton  scattering:> 30 KeV

•MeV-GeV-Tev band polarimetry being explored

X-ray  Polarimetry: Techniques

•Pointed : for known X-ray sources

•Wide field: for GRBs
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Thomson  X-ray  Polarimeter

•Photoelectron/Bragg: < 8 keV

•Thomson: 5-30 keV

•Compton :> 30 KeV
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Instrument Configuration
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Satellite Requirement
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Absolute Pointing Accuracy: < 0.1 degree

Spin around viewing axis: 0.2 rpm 

Long Observations: 1-4 weeks on one source

Maximum possible duty cycle



POLIX

• Collimator

• Scatterer

• Detectors

• Detecotr drive electronics

• Signal processing electronics

• Low Scattering Efficiency

• Large Background
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Electronics

POLIX	Overview,	XPoSat PDR,	8	October	2018 11



POLIX Specifications
Parameter Value

Photon Collection Area 640 cm2

Field of View 3 degree x 3 degree

Energy Range 8-30 keV

Detectors Proportional Counters

Scatterer Beryllium

Dimension 650 mm x 650 mm x 600 mm

Mass 125 kg

Power 87 Watt

Data Rate 6.5 Gb per day

Modulation factor 40-44%
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Mechanical configuration…..
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Detector

Top plate or
Window support plate

Mylar window

Wire frame

Detector housing
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Wireframe

A fully wired wireframe
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Principle of charge division

• Principle of Charge 
Division.

• Resistive Nichrome wires

• Wires looped together at 
the ends
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Collimator

• Restricts the field of view to 3 deg x 3 deg

• Hexagonal tapered holes

• Flat top response (±0.2 deg) – to mitigate pointing 
offset POLIX	Overview,	XPoSat PDR,	8	October	2018 17



  DETECTORS

CNC ROTARY TABLE

CNC CONTROLLER

rotation axis

Laboratory Unit

18



Polarised X-ray Source
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Test Results
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Test Results
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Test Results
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POLIX detector system
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X-ray SPECtroscopy and Timing (XSPECT) Payload
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Chandrayaan-2 large area Soft X-ray Spectrometer (CLASS), a payload for X-ray 

fluorescence study of lunar surface elements, is presently being developed in the group. 

This payload uses a large area version of SCD, CCD-236. Engineering model version has 

been completed and presently the Qualification model and Flight model developments are 

in progress. Considering the developmental activity and progress of the CLASS payload, 

XSPECT design specifications are kept the same as CLASS for early realization of the 

payload. 

Swept Charge Device 

The SCD die is manufactured on epitaxial silicon wafers using the same processes as used 

for front illuminated CCDs. SiO2 and SiN are used as insulating layers underneath 

polysilicon electrodes.  The sensor is built with a total sensitive area of ~4 cm2, internally 

divided into four sections. In each, charge is transferred towards the centre of the device, 

where the charge flows merge, before transferring to a charge detection amplifier. 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 6: (a) Photograph of a single CCD-236 swept charge device mounted on a test 
board (provided by e2V Corporation). Four such sensors are used in a quadrant module 
and four modules are used for the payload. (b) Sketch shows how charge flows through 
the diagonal. 
 

 
 Figure 7: SCD Theoretical efficiency 
with visible light blocking filter. This 
has been used in simulating spectra 
discussed in science objectives. 
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Detector board configuration 

The implementation for XSPECT involves the packaging of 4 CCD236 devices into a 
‘module’, called ‘Quad module’. 

 
 
 
 

 
 
 

 
Figure 8: Schematic of Quad module 
 
 
 

 
 
 

 
 
Figure 9: Picture of a quad module front view with four CCD-236 devices and backside 
view with pin out.  
 
 
Modular quad package design 

A quadrant package with four individual detectors, as shown in figure 2 is the 
configuration for the present payload. Four such quadrant modules are used in series. 
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Figure 46: Detector package. XSPECT will consist of 2 such packages on either side of 

the POLIX payload. 
 
 
 

X-ray CCD – Swept Charge Device

0.8-15.0 keV

64 cm^2 

200 eV resolution at 6 keV
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POLIX: Minimum Detectable 
Polarisation

•5 % MDP for 100 mCrab
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POLIX effective area

Photoelectric absorption
-
Forward scattering
-
Side scattering
-
Back scattering
-
Blocked by window 
support structure
-
Quantum efficiency of Gas

28



POLIX: Sensitivity
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Simulated Crab Spectrum
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POLIX: Simulation results
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POLIX MDP for Accretion Powered Pulsars

18 ks per day
x 14 days
= 252 ks

Spectral parameters taken
From Suzaku observations
of these sources.

Intensity Uncertain by a
factor of 1-4

Degree of Polarisation
Uncertain by a factor of
~2 

Planned observations will
give 3-20 sigma polarisation
Measurements in accretion
Powered pulsars 32



Accreting X-ray Pulsars

Meszaros et al. 1988

Image: NASA
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Santangelo A., Zane S., Feng. H., Xu R., et al., et al. Sci. China-Phys. Mech. Astron. January (2017) Vol. 60 No. 1 000000-13

Figure 11 The phase-resolved fractions of linear polarisation (middle panels), and angles of polarisation (bottom panels) for eight values of energy (1.6, 3.8,
9.0, 18.4, 29.1, 38.4, 51.7, 84.7 keV from bottom to top) for radiation emerging from an accreting pulsar with cyclotron energy at 38 keV. The upper panels show
the pulse amplitudes. The set of panels on the left refer to the case of pencil beam, the panels on the right to a fan beam. The di↵erent columns, in each panels,
correspond to di↵erent pairs of angles i1 and i2, as indicated in the top. The figure is taken from (80) (see figure 1a of (80)). Other details can be read in the
original article.

persistent sources, exposures of the order of ⇠ 10 ks will be
su�cient for the detailed studies, while significant polarisation
will be detected in weak sources within ⇠ 100 ks, which still
allows phase resolved studies on the Ms timescale. In fact,
for several objects the PFA will be sensitive enough to study
polarisation both in sub- and super-critical accretion regimes
as illustrated in Fig. 12 of the eXTP observatory science pa-
per. Such observations would be particularly important, as
the transition from super- to sub-critical accretion is expected
to completely change the beam pattern and the polarisation
properties of the pulsar, and thus they represent an ultimate
test for the theoretical models.

3.4 Inside the NS magnetosphere: microsecond variabil-
ity in High Mass X-ray Binaries (HMXBs)

In wind-accreting NSs, the plasma is thought to penetrate the
magnetosphere through Rayleigh-Taylor instabilities, in the
form of accreting blobs (91; 92). These blobs, after a short
radial infall, are channeled by the magnetic field lines onto
the NS polar caps, where they release their kinetic energy as
X-ray radiation. A sort of “granularity” is thus expected in the
observed X-ray emission (93) and the energy release of each
shot occurs on microsecond timescales (94). The transport of
the microsecond pulses through the NS magnetosphere will
tend to broaden them, but photons at energies lower than the
cyclotron energy, moving in a direction parallel to that of the
magnetic field, would emerge unscattered because scattering
is drastically reduced (95). Since the typical cyclotron reso-

Meszaros et al. 1988
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Detection of X-ray Polarisation in
Accretion Powered Pulsars

Key signature of strong Magnetic field in 
Accretion Powered pulsars
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Pulse phase dependence of X-ray Polarisation in 
Accretion Powered Pulsars

Determination of beaming pattern in Accretion powered 
pulsars
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Energy dependence of X-ray Polarisation in 
Accretion Powered Pulsars

Enhanced polarisation near cyclotron line energy

Luminosity dependence of X-ray Polarisation in 
Accretion Powered Pulsars

Change of accretion column structure

Luminosity dependence of
Pulse phase dependence of
X-ray polarisation

Change of beaming pattern 37



Black Holes in Binaries

Scientific justification 
 
Scientific Rationale 
 

Polarimetry is an important tool in astronomical measurements. However, X-ray 
polarimetry is in infancy as the handful of reliable measurements are of a single object, the 
Crab Nebula. This scenario will soon change with the launch of two dedicated missions with 
X-ray polarimeters onboard, XPoSat with POLIX and IXPE mission of NASA to be launched 
in 2021. These missions, for the first time, will carry out X-ray polarization measurements of 
different types of sources in the energy ranges of 5-30 and 3-10 keV respectively. Therefore, 
polarization measurement in two limited energy bands would be done before the proposed 
mission with two separate instruments.  

 
However, it is to be noted that most X-ray sources being highly variable with associated 

changes in timing, spectral and polarization characteristics, observations of variable sources 
carried out with different instruments at different times cannot be effectively combined to 
interpret as broad band data. True simultaneous broad band observation is essential.  

 
A broad band X-ray polarization mission, to be achieved with the proposed suite of 

instrument developments will therefore have a niche science goal. It will be a unique and 
leading X-ray astronomy mission in its timeframe. 

 
Some key science issues, for which a truly simultaneous broad band X-ray 

polarimeter is essential are briefly mentioned here. 
 
Spin and X-ray polarization in black hole X-ray binaries - soft state: For an 

accreting black hole with its accretion disk highly inclined along our line of sight, the thermal 
X-ray radiation from the accretion disk can be highly polarized. However, when gravitational 
bending of X-rays in the strong field of the black hole, and subsequent scattering of the photons 
are considered, the degree of X-ray polarization can dramatically increase along with changes 
in polarization angle. This effect is more pronounced at energies above 10 keV and also for 
highly spinning black holes. A broad band X-ray polarimeter is therefore much better suited to 
measure the changes in degree of polarization and also the sweep in angle of polarization. In 
particular, it is to be noted that the degree of polarization is lowest around 2-8 keV, which is 
the energy band of IXPE.  
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with modest polarization of a few percent, oriented parallel to the disk surface in the local

fluid frame (Chandrasekhar 1960). The scattered radiation, on the other hand, will be highly
polarized and perpendicular to the disk surface, especially for observers at high inclination
angles. Figure 1 shows polarization images of a 10M⊙ BH in the thermal disk state, including

only the direct radiation (left), and the total flux, including the returning radiation (right).
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Fig. 1.— Ray-traced image of direct radiation from a thermal disk (left). The observer is located

at an inclination of 75◦ relative to the BH and disk rotation axis, with the gas on the left side of

the disk moving towards the observer, which causes the characteristic increase in intensity due to

relativistic beaming. The black hole has spin a/M = 0.9, mass M = 10M⊙, and is accreting at

10% of the Eddington limit with a Novikov-Thorne emissivity profile, giving peak temperatures

around 1 keV. The observed intensity is color-coded on a logarithmic scale and the energy-integrated

polarization vectors are projected onto the image plane with lengths proportional to the degree of

polarization. The (right) image, includes the returning radiation, made up of photons emitted from

the inner disk, deflected by the BH and scattered off the opposite side of the disk towards the

distant observer. [reproduced from Schnittman & Krolik (2009)]

Since the radiation emitted closest to the BH, where the disk is hottest, is most likely

to get deflected by the BH as returning radiation, the high-energy flux tends to be polarized
parallel to the disk’s rotation axis (“vertical” in our convention, with ψ = ±90◦), while the
low-energy flux from the outer disk is oriented perpendicular to the disk axis, as projected on

the sky (“horizontal,” with ψ = 0◦). The location and shape of this polarization transition
is a direct probe of the emissivity profile near the ISCO. Figure 2 shows the polarization

expected from a 10M⊙ BH in the thermal state, with a Novikov-Thorne emissivity profile
that goes to zero at the ISCO, for a range of spin parameters yet holding L = 0.1LEdd fixed.

As the spin increases, more of the flux originates closer to the horizon, and return radiation
becomes more important, leading to a larger fraction of observed radiation in the vertical

Figure 1a. Ray traced image of X-ray radiation from a black hole including gravitation bending 
and return radiation. Intensity and polarization are shown with colours and lines. Schnittman 
& Krolik (2009) 

 

Figure 1b. Expected degree of X-ray polarization and angle of polarization are shown for 
different spin of the black hole. Schnittman & Krolik (2009). 

X-ray reflection and polarization in black hole X-ray binaries – hard state: In the 
hard spectral states of black hole X-ray binaries, hard X-rays are produced by Compton 
scattering of disk photons by an energetic corona surrounding the accretion disk. The geometry 
and extent of the disk vis a vis the accretion disk is however, unknown and broad band X-ray 
polarimetry can resolve between various possibilities.  
 

 
Figure 2. Energy dependence of degree and angle of polarization of X-rays from a black hole 
X-ray binary with an accretion disk sandwiched between corona for different optical depth and 
electron temperature. Schnittman & Krolik (2010)  

 
X-ray polarization across the cyclotron line energy in pulsars: In the accretion 

powered X-ray pulsars, the X-rays travel out through a strongly magnetized plasma. Different 
scattering cross section of ordinary and extraordinary waves is expected to result in strong 
polarization in pulsar X-rays, which will also have strong pulse phase dependence. Further to 
this, the X-ray polarization characteristics are expected to change significantly around the 
cyclotron resonance line. Most X-ray pulsars have cyclotron line energy above 10 keV and it 
will therefore be possible to probe this effect with POLIX only in a couple of sources. The hard 
X-ray polarimeter, onboard the proposed mission will enable this study in more than a dozen 
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orientation. Aside from potentially measuring the BH spin, this return radiation can be

used to probe the space-time as close to the horizon as possible and still allow the photons
to escape. In this context, the polarization swing from horizontal to vertical might even be
used to constrain alternative theories of gravity, e.g., testing the no-hair theorem of general

relativity (Johannsen & Psaltis 2010a,b; Krawczynski 2012b).
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Fig. 2.— Polarization degree and angle for a range of BH spin parameters. All systems have

inclination i = 75◦, BH mass 10M⊙, luminosity L/LEdd = 0.1, and Novikov-Thorne radial emission

profiles. [reproduced from Schnittman & Krolik (2009)

Schnittman & Krolik (2009) also allowed for emission inside of the ISCO by including

a simple power-law parameterization that connected smoothly with the Novikov-Thorne
emissivity profile in the inner disk. Thus the spectropolarization signal from any disk could

be completely described by only a few parameters: BH mass, spin, luminosity, distance,
inclination, and the additional power-law parameter for emission inside the ISCO.

Even if such a simple model were a perfect description of the BH source, there still
exist fundamental degeneracies among the parameters, in particular the mass, luminosity,

and distance. These degeneracies may be broken by observations at other wavelengths, e.g.
optical absorption lines in the companion star that could be used to make radial velocity
measurements, in turn giving the binary mass function. Other observational techniques,

such as the continuum fitting method, require a priori knowledge of the disk inclination
(Shafee et al. 2006), while interpreting measurements of the broad iron Kα line typically is

based on some assumption of the ionizing flux distribution, and requires some knowledge of
both the emission and reflection edges of the accretion disk (Krolik & Hawley 2002). X-ray

polarization promises to be quite complementary to these more established techniques. For
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for the corona is thought to be of order unity, thus implying an optical depth of τ ∼ 1 − 2

(Rybicki & Lightman 1979). Other suggested models include bulk Comptonization from a
converging accretion flow (Titarchuk & Shrader 2002; Turolla et al. 2002).

As evidenced by the plethora of models for the SPL, X-ray spectroscopic observations
have not been able to constrain the detailed geometry of the corona very well in galactic

BHs. Is it clumpy or homogeneous? Is it centrally concentrated or diffuse? What is the
scale height? The answers to these questions should in turn provide important clues about
the physical origin of the corona. Is it magnetically dominated like the solar corona? Is it

gravitationally bound to the BH? A better understanding of the coronal properties will also
lead to improved modeling of the broad iron emission line, which is likely excited by the

high-energy photons originating in the corona.
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Fig. 3.— Degree and angle of polarization for a sandwich corona, varying the optical depth
and electron temperature, maintaining a roughly constant Compton-y parameter. [repro-
duced from Schnittman & Krolik (2010)]

Schnittman & Krolik (2010) considered a few different simple geometries for the corona

and used a Monte Carlo ray-tracing code to calculate the expected polarization signature
for each case. Figure 3 shows one example of how polarization may provide additional
information about the properties of the corona. The geometry considered here is a smooth

sandwich with constant opening angle of H/R = 0.1, and vertically-integrated optical depth
constant across the entire disk. The same qualitative behavior is found as in the thermal disk,

with the polarization swinging from horizontal at low energies to vertical at high energies.
However, unlike the thermal state where the transition is due to the global geometry of

return radiation, in the coronal state, the polarization transition can be explained by more

Figure 1a. Ray traced image of X-ray radiation from a black hole including gravitation bending 
and return radiation. Intensity and polarization are shown with colours and lines. Schnittman 
& Krolik (2009) 
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different spin of the black hole. Schnittman & Krolik (2009). 
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scattering of disk photons by an energetic corona surrounding the accretion disk. The geometry 
and extent of the disk vis a vis the accretion disk is however, unknown and broad band X-ray 
polarimetry can resolve between various possibilities.  
 

 
Figure 2. Energy dependence of degree and angle of polarization of X-rays from a black hole 
X-ray binary with an accretion disk sandwiched between corona for different optical depth and 
electron temperature. Schnittman & Krolik (2010)  

 
X-ray polarization across the cyclotron line energy in pulsars: In the accretion 

powered X-ray pulsars, the X-rays travel out through a strongly magnetized plasma. Different 
scattering cross section of ordinary and extraordinary waves is expected to result in strong 
polarization in pulsar X-rays, which will also have strong pulse phase dependence. Further to 
this, the X-ray polarization characteristics are expected to change significantly around the 
cyclotron resonance line. Most X-ray pulsars have cyclotron line energy above 10 keV and it 
will therefore be possible to probe this effect with POLIX only in a couple of sources. The hard 
X-ray polarimeter, onboard the proposed mission will enable this study in more than a dozen 
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orientation. Aside from potentially measuring the BH spin, this return radiation can be

used to probe the space-time as close to the horizon as possible and still allow the photons
to escape. In this context, the polarization swing from horizontal to vertical might even be
used to constrain alternative theories of gravity, e.g., testing the no-hair theorem of general

relativity (Johannsen & Psaltis 2010a,b; Krawczynski 2012b).
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Schnittman & Krolik (2009) also allowed for emission inside of the ISCO by including

a simple power-law parameterization that connected smoothly with the Novikov-Thorne
emissivity profile in the inner disk. Thus the spectropolarization signal from any disk could

be completely described by only a few parameters: BH mass, spin, luminosity, distance,
inclination, and the additional power-law parameter for emission inside the ISCO.

Even if such a simple model were a perfect description of the BH source, there still
exist fundamental degeneracies among the parameters, in particular the mass, luminosity,

and distance. These degeneracies may be broken by observations at other wavelengths, e.g.
optical absorption lines in the companion star that could be used to make radial velocity
measurements, in turn giving the binary mass function. Other observational techniques,

such as the continuum fitting method, require a priori knowledge of the disk inclination
(Shafee et al. 2006), while interpreting measurements of the broad iron Kα line typically is

based on some assumption of the ionizing flux distribution, and requires some knowledge of
both the emission and reflection edges of the accretion disk (Krolik & Hawley 2002). X-ray

polarization promises to be quite complementary to these more established techniques. For
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for the corona is thought to be of order unity, thus implying an optical depth of τ ∼ 1 − 2

(Rybicki & Lightman 1979). Other suggested models include bulk Comptonization from a
converging accretion flow (Titarchuk & Shrader 2002; Turolla et al. 2002).

As evidenced by the plethora of models for the SPL, X-ray spectroscopic observations
have not been able to constrain the detailed geometry of the corona very well in galactic

BHs. Is it clumpy or homogeneous? Is it centrally concentrated or diffuse? What is the
scale height? The answers to these questions should in turn provide important clues about
the physical origin of the corona. Is it magnetically dominated like the solar corona? Is it

gravitationally bound to the BH? A better understanding of the coronal properties will also
lead to improved modeling of the broad iron emission line, which is likely excited by the

high-energy photons originating in the corona.
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Schnittman & Krolik (2010) considered a few different simple geometries for the corona

and used a Monte Carlo ray-tracing code to calculate the expected polarization signature
for each case. Figure 3 shows one example of how polarization may provide additional
information about the properties of the corona. The geometry considered here is a smooth

sandwich with constant opening angle of H/R = 0.1, and vertically-integrated optical depth
constant across the entire disk. The same qualitative behavior is found as in the thermal disk,

with the polarization swinging from horizontal at low energies to vertical at high energies.
However, unlike the thermal state where the transition is due to the global geometry of

return radiation, in the coronal state, the polarization transition can be explained by more

Figure 1a. Ray traced image of X-ray radiation from a black hole including gravitation bending 
and return radiation. Intensity and polarization are shown with colours and lines. Schnittman 
& Krolik (2009) 

 

Figure 1b. Expected degree of X-ray polarization and angle of polarization are shown for 
different spin of the black hole. Schnittman & Krolik (2009). 

X-ray reflection and polarization in black hole X-ray binaries – hard state: In the 
hard spectral states of black hole X-ray binaries, hard X-rays are produced by Compton 
scattering of disk photons by an energetic corona surrounding the accretion disk. The geometry 
and extent of the disk vis a vis the accretion disk is however, unknown and broad band X-ray 
polarimetry can resolve between various possibilities.  
 

 
Figure 2. Energy dependence of degree and angle of polarization of X-rays from a black hole 
X-ray binary with an accretion disk sandwiched between corona for different optical depth and 
electron temperature. Schnittman & Krolik (2010)  

 
X-ray polarization across the cyclotron line energy in pulsars: In the accretion 

powered X-ray pulsars, the X-rays travel out through a strongly magnetized plasma. Different 
scattering cross section of ordinary and extraordinary waves is expected to result in strong 
polarization in pulsar X-rays, which will also have strong pulse phase dependence. Further to 
this, the X-ray polarization characteristics are expected to change significantly around the 
cyclotron resonance line. Most X-ray pulsars have cyclotron line energy above 10 keV and it 
will therefore be possible to probe this effect with POLIX only in a couple of sources. The hard 
X-ray polarimeter, onboard the proposed mission will enable this study in more than a dozen 
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orientation. Aside from potentially measuring the BH spin, this return radiation can be

used to probe the space-time as close to the horizon as possible and still allow the photons
to escape. In this context, the polarization swing from horizontal to vertical might even be
used to constrain alternative theories of gravity, e.g., testing the no-hair theorem of general

relativity (Johannsen & Psaltis 2010a,b; Krawczynski 2012b).
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Fig. 2.— Polarization degree and angle for a range of BH spin parameters. All systems have

inclination i = 75◦, BH mass 10M⊙, luminosity L/LEdd = 0.1, and Novikov-Thorne radial emission

profiles. [reproduced from Schnittman & Krolik (2009)

Schnittman & Krolik (2009) also allowed for emission inside of the ISCO by including

a simple power-law parameterization that connected smoothly with the Novikov-Thorne
emissivity profile in the inner disk. Thus the spectropolarization signal from any disk could

be completely described by only a few parameters: BH mass, spin, luminosity, distance,
inclination, and the additional power-law parameter for emission inside the ISCO.

Even if such a simple model were a perfect description of the BH source, there still
exist fundamental degeneracies among the parameters, in particular the mass, luminosity,

and distance. These degeneracies may be broken by observations at other wavelengths, e.g.
optical absorption lines in the companion star that could be used to make radial velocity
measurements, in turn giving the binary mass function. Other observational techniques,

such as the continuum fitting method, require a priori knowledge of the disk inclination
(Shafee et al. 2006), while interpreting measurements of the broad iron Kα line typically is

based on some assumption of the ionizing flux distribution, and requires some knowledge of
both the emission and reflection edges of the accretion disk (Krolik & Hawley 2002). X-ray

polarization promises to be quite complementary to these more established techniques. For

– 8 –

for the corona is thought to be of order unity, thus implying an optical depth of τ ∼ 1 − 2

(Rybicki & Lightman 1979). Other suggested models include bulk Comptonization from a
converging accretion flow (Titarchuk & Shrader 2002; Turolla et al. 2002).

As evidenced by the plethora of models for the SPL, X-ray spectroscopic observations
have not been able to constrain the detailed geometry of the corona very well in galactic

BHs. Is it clumpy or homogeneous? Is it centrally concentrated or diffuse? What is the
scale height? The answers to these questions should in turn provide important clues about
the physical origin of the corona. Is it magnetically dominated like the solar corona? Is it

gravitationally bound to the BH? A better understanding of the coronal properties will also
lead to improved modeling of the broad iron emission line, which is likely excited by the

high-energy photons originating in the corona.
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orientation. Aside from potentially measuring the BH spin, this return radiation can be

used to probe the space-time as close to the horizon as possible and still allow the photons
to escape. In this context, the polarization swing from horizontal to vertical might even be
used to constrain alternative theories of gravity, e.g., testing the no-hair theorem of general
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Schnittman & Krolik (2009) also allowed for emission inside of the ISCO by including

a simple power-law parameterization that connected smoothly with the Novikov-Thorne
emissivity profile in the inner disk. Thus the spectropolarization signal from any disk could

be completely described by only a few parameters: BH mass, spin, luminosity, distance,
inclination, and the additional power-law parameter for emission inside the ISCO.

Even if such a simple model were a perfect description of the BH source, there still
exist fundamental degeneracies among the parameters, in particular the mass, luminosity,

and distance. These degeneracies may be broken by observations at other wavelengths, e.g.
optical absorption lines in the companion star that could be used to make radial velocity
measurements, in turn giving the binary mass function. Other observational techniques,

such as the continuum fitting method, require a priori knowledge of the disk inclination
(Shafee et al. 2006), while interpreting measurements of the broad iron Kα line typically is

based on some assumption of the ionizing flux distribution, and requires some knowledge of
both the emission and reflection edges of the accretion disk (Krolik & Hawley 2002). X-ray

polarization promises to be quite complementary to these more established techniques. For
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for the corona is thought to be of order unity, thus implying an optical depth of τ ∼ 1 − 2

(Rybicki & Lightman 1979). Other suggested models include bulk Comptonization from a
converging accretion flow (Titarchuk & Shrader 2002; Turolla et al. 2002).

As evidenced by the plethora of models for the SPL, X-ray spectroscopic observations
have not been able to constrain the detailed geometry of the corona very well in galactic

BHs. Is it clumpy or homogeneous? Is it centrally concentrated or diffuse? What is the
scale height? The answers to these questions should in turn provide important clues about
the physical origin of the corona. Is it magnetically dominated like the solar corona? Is it

gravitationally bound to the BH? A better understanding of the coronal properties will also
lead to improved modeling of the broad iron emission line, which is likely excited by the

high-energy photons originating in the corona.
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Schnittman & Krolik (2010) considered a few different simple geometries for the corona

and used a Monte Carlo ray-tracing code to calculate the expected polarization signature
for each case. Figure 3 shows one example of how polarization may provide additional
information about the properties of the corona. The geometry considered here is a smooth

sandwich with constant opening angle of H/R = 0.1, and vertically-integrated optical depth
constant across the entire disk. The same qualitative behavior is found as in the thermal disk,

with the polarization swinging from horizontal at low energies to vertical at high energies.
However, unlike the thermal state where the transition is due to the global geometry of

return radiation, in the coronal state, the polarization transition can be explained by more
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HARD STATE:     (compact radio jet)
  disc blackbody and reflection: weak    /       Corona: THERMAL Comptonisation

SOFT STATE:
   disc blackbody and reflection: strong    /      Corona: NON-THERMAL Comptonisation

Disc 
blackbody

 Hard X-ray component

Reflection

Malzac et al. 2006

High energy emission of Cygnus X-1

Zdziarski et al 2003

The main piece of information that we have are the high energy spectra. And you have here various nuFnu spectra observed in Cygnus X-1. You that the spectral shape is very variable although the luminosity of the bolometric luminosity of the source is rather stable around a few percent of the 
Eddington luminosity.  There are 2 main spectral states. In the so call high soft state the spectrum peaks around 1 keV and is dominated by the thermal emission of the accretion disc   at high energy there is a non-thermal quasipower law tail extenging up to at least a few MeVs. In the so called low 
hard state the sepctrum is formed by a hard power law peaking at around 100 keV with a sharp cut off above that. 

These changes in spectral shape are believed to be caused by changes in the geometry of the accretion flow.   In the hard state the accretion disc is not seen because it is truncated at large istances from the black hole and the emission 
is dominated by thermal Comptonisation in a hot geometrically thick optically thin accretion flow. That is to say that ypou have hot plasma close to the black hole and the electron of thi hot plasma have a temperature tht can reach 10^9 K. In this plasma you alo have soft UV or soft X-ray photons 
coming from the external accretion disc or generated internally by synchrotron process. These soft photons are gradually upscaterred into the hard X-ray band due multiple Compton interaction with the electrons of this hot plasma. This produce this kind of hard state spectra. 

In the soft state on the contrary the accretion disc goes very close to the black hole and dominates the hard X-ray spectrum. The non-thermal component is believed to be produced by Inverse compton of the soft disc photons on a poulation of non-thermal electrons in compact active regions  
located above and below the accretion disc. THe states transition would be triggered by changes in the mass accretion rate the soft states has a higher luminosity (by a factor 4) 

Beside hard and soft state we also observe intermediate state when the source is about to switch from one to the other spectral state. 

And in fact if we now consider in more details the modelling of these spectra we can see that all these spectra can be understood in terms of three main spectral components. 
You have The disc black body and reflection component which is due to the illumination of the disc by the X-ray source and forms this bumps peaking around 30 keV and also the iron line peaking around 6.4 keV.  And the hard X-ray component.  The disk bb componnet and reflection are weak in 
the hard state and stronger in soft states. 

The hard -ray component is comtponization by a thermal distribution of electrons in the hard state , and non thermal (or power law distribution in the sfot state) and in intermedaite state the electron sdistribution may well be hybrid with both thermal and nont-thermal comptonization. In fact even in 
the hard state there is an excess at MeV energies indicating the presence oa non-thermla component in the electron distribution.
So  all of these spectra are very well modeled by an hybrid thermal -non -thermla comptonisation. 
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