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We can safely say that at least 90% of astronomy is made using photons. 

However in X-ray we only use 2 observables out of three: 

energy (spectral analysis) 
time (timing analysis of variability) 

but no polarisation

The X-ray spectrum observed in 
accreting sources is believed to 
be produced by Comptonization of 
soft photons coming from the disc 

by an hot corona of electrons 
whose geometry is still unknown.

Inverse Compton, as any scattering process, should produce radiation 
linearly polarised perpendicularly to the plane of scattering, 

reflecting the geometry of the scattering material. 

The polarisation signal will be stronger as the material is more 
asymmetric and/or as it is seen from a line of sight maximising its 

asymmetry. 

X-ray polarisation analysis, together with spectroscopical analysis, 
has the potential to constrain the inclination of the system and the 

geometry of the corona



moca in a nutshell
For these reasons we developed MoCA: a Monte Carlo code for Comptonization 

in Astrophysics  
(Tamborra et al. in prep.) 

MoCA works in a fully special relativistic scenario (and soon with GR as 
well), it includes quantum effects (i.e. Klein-Nishina cross-section), it 

is modular and it works with single photons without any particular 
approximation or limitation. 

For the corona we implemented the two geometries sketched below

SLABSPHERE



spectra in moca
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polarisation signal IN MOCA

5.2 The code 69

frame of the disc by calling for the second time the routine lorentz.pro where
the vector β⃗ is substituted with −β⃗. The coordinates of the photon, its wave
4-vector and its polarization vector are updated for a new possible scattering
event, starting with the calculation of the speed of the electron in maxrel.pro.

finalpol.pro

When a photon escape towards the observer, finalpol.pro is called by the main
procedure to calculate the final Stokes parameters of the survived photon,
by using its direction and polarization vector in the reference frame of the
disc through the auxiliary vectors and Eq. 4.5.

In the end the direction angles, Θd and Φd, the energy, E = hνd, the
Stokes parameters, Uj and Qj , and the number of undergone scatterings are
saved and a new seed photon is generated. Outside the main loop, overall
statistics about the number of photons survived or fallen into the BH or onto
the disc are saved.

Finally the degree of polarization and the polarization angle are calculated
in accord to the relations

Π =

√

Q2 + U2

I

χ =
1

2
arctan

U

Q
(5.17)
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π = Q / I
the sign of Q  

representing the angle  
of polarisation

if U~0,
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SPHERE tau = 1, kT = 100 keV SLAB tau = 1, kT = 100 keV
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Fig. 3.— Observed flux and polarization from an accretion disk with a sandwich corona
geometry. The plots show the flux (left; arbitrary units of νFν), polarization degree (center),
and polarization angle (right) as a function of observed energy, for inclinations of 45◦, 60◦,

and 75◦ (top, center, bottom, respectively). The dotted lines represent contributions directly
from the thermal disk, the dot-dashed curves are corona-scattered photons, and the solid

curves are the total observed flux.

0.1 1.0 10.0 100.0
E

obs
 (keV)

0.01

0.10

1.00

10.00

100.00

ν 
F ν

  [
a.

u.
]

sandwich
i = 45o

0.1 1.0 10.0 100.0
E

obs
 (keV)

0
2

4

6

8
10

po
la

riz
at

io
n 

de
gr

ee
 (%

)

sandwich
i = 45o

0.1 1.0 10.0 100.0
E

obs
 (keV)

-100

-50

0

50

po
la

riz
at

io
n 

an
gl

e 
(d

eg
)

sandwich
i = 45o

0.1 1.0 10.0 100.0
E

obs
 (keV)

0.01

0.10

1.00

10.00

100.00
ν 
F ν

  [
a.

u.
]

sandwich
i = 60o

0.1 1.0 10.0 100.0
E

obs
 (keV)

0
2

4

6

8
10

po
la

riz
at

io
n 

de
gr

ee
 (%

)

sandwich
i = 60o

0.1 1.0 10.0 100.0
E

obs
 (keV)

-100

-50

0

50

po
la

riz
at

io
n 

an
gl

e 
(d

eg
)

sandwich
i = 60o

0.1 1.0 10.0 100.0
E

obs
 (keV)

0.01

0.10

1.00

10.00

100.00

ν 
F ν

  [
a.

u.
]

sandwich
i = 75o

0.1 1.0 10.0 100.0
E

obs
 (keV)

0
2

4

6

8
10

po
la

riz
at

io
n 

de
gr

ee
 (%

)

sandwich
i = 75o

0.1 1.0 10.0 100.0
E

obs
 (keV)

-50

0

50

100

po
la

riz
at

io
n 

an
gl

e 
(d

eg
)

sandwich
i = 75o



– 28 –

Fig. 2.— Ray-traced images of polarized flux from an accretion disk with a sandwich corona
of scale height H/R = 0.1. The observer is located at an inclination of 75◦ relative to the
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 and boosting. The
black hole has spin a/M = 0.9, mass M = 10M⊙. The observed intensity is color-coded

on a logarithmic scale (normalized to the net intensity
∫

dν Iν), and the energy-integrated
polarization vectors are projected onto the image plane with lengths proportional to the

local degree of polarization. The four panels correspond to the contributions to the observed
flux (a) directly from the thermal disk; (b) return radiation scattered once off the disk; (c)
photons scattered once in the corona; and (d) photons scattered multiple times in the corona.
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For accreting sources X-ray polarisation is a powerful tool to infer the 
inclination of the system which is extremely useful for several purposes 
such as verifying the unification model or to perform spin measurement 

through iron line broadening technique.

The intensity of the signal is an indicator of the “asphericity"  of the 
scattering material and it can put constraints on the geometry of the 

corona. 
For both AGN and BHBs the polarisation in the case of spherical corona do 

not exceed ~3% while for the slab it is ~7-8% 
( see Alessia Tortosa et al. poster on NuStar sources! ) 

For BHBs we can even see if the accretion disc is optically thick or not 
(by observing limb darkening polarisation) and, if it is the case and we 

are lucky enough to see the tilt in the PA, we can infer even more 
information on the disc (i.g. if it is truncated or it extends up to the 

ISCO). 

And all of this was just for tau = 1!


