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X-ray observations of AGN and galactic BHs

Observed photon flux often shows
» relativistically broadened Ko iron line
» narrow-line features in 5 — 6 keV range

Possible explanation

» emission from the accretion disc illuminated by X-rays
emitted by the disc’s corona

» emission from orbiting spots illuminated by flares



X-ray observations of AGN and galactic BHs

Measurement of the system properties
black hole mass
spin of the black hole
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inclination of the system
» emission region

Reflection of X-rays from the matter in the disc
— polarization of the observed flux!



The lamp-post model
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Definition of the change of the polarization angle

A N

3-momentum of a photon
normal to the disc

projection of ny to the plane
perpendicular to pa,

vector which is parallelly transported
along the geodesic (as 4-vector)

angle between n), and fa



Definition of the change of the polarization angle

pa — 3-momentum of a photon
A Da na — normal to the disc

,/ n, — projection of ny to the plane
perpendicular to pa,

fa — vector which is parallelly transported
along the geodesic (as 4-vector)

W, — angle between nj and fa

All the quantities are evaluated

» at the disc with respect to the local rest
frame co-moving with the disc for A=1

» at infinity with respect to the stationary
observer at the same light geodesic for
A=2
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The change of the polarization angle

Connors & Stark 1977; Connors, Piran & Stark 1980:

tanW=5%| X = —(a—asinby)k; —Pky

Y = (a—asinf)x, — Bxy
K1, k2 —components of the complex constant of motion Ky
(see Walker & Penrose 1970)
ki = arpf' —rlapg— (r?+a%)pflf® —r(r*+a?)pdf?
ko = —rpgf'+ripy—apdlf’ +arpgf?

f# corresponds to the 3-vector f; which is chosen in such a way
that it is a unit vector parallel with n} (i.e. W1 = 0)
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The change of the polarization angle
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Definition of the Stokes parameters

E sin ((Dt — q)|)
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Definition of the Stokes parameters

Ex = Esin(ot—a@) | = Ef +E; =l+
Ey = Ersin(ot—¢)
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U = 2EEycosé
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= Isin2xcos2p
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Definition of the Stokes parameters
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Definition of the Stokes parameters
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Meaning of the Stokes parameters

» linear polarization in the direction of x or y axes
P=1, B=0, x=0 or x=m=n/2

= Q=+, U=0, V=0]




Meaning of the Stokes parameters

» linear polarization in the direction of x or y axes
P=1, B=0, x=0 or x=m=n/2

= Q=+, U=0, V=0]

» linear polarization in the direction forming an angle of £45°
with the x axis

P=1, B=0, y==+n/4
= |Q=0, U=1I, V=0| ><




Meaning of the Stokes parameters

» linear polarization in the direction of x or y axes
P=1, B=0, x=0 or x=m=n/2

= Q=+, U=0, V=0]

» linear polarization in the direction forming an angle of £45°
with the x axis

P=1 pB=0, xy=+n/4
= |Q=0, U=1I, V=0|
» circular polarization (counter-clockwise or clockwise)

P=1 B=+r/4, yx — arbitrary




Local Stokes parameters in Compton scattering
approximation

1€+ 18 e
(E)= (I:C+IF> N(E)E Q(E)= <l:°+IF) N(E)E
UC
U(E) = <II+Ir>N(E)E V=0

» 1%, IF and U° are Stokes coefficients for Rayleigh scattering
in single scattering approximation (Chandrasekhar 1960)

» N(E) is photon flux computed by Monte Carlo simulations
of the multiple Compton scattering (Matt, Perola & Piro
1991)



Local Stokes parameters in Compton scattering
approximation

I = w2(1+pP)+2(1—pd)(1-p?)
~Attepi/(1— &) (1 42) cos (P — @)
—u2(1— u?)cos[2(de — b;)]

IF = 14p?+(1—u?)cos[2(Pe — P))]

US = 4 /(1—p2)(1— p?) sin (e — )
—2te(1— p?) sin [2(Pe — Py)]



Local Stokes parameters in Compton scattering
approximation

P = wdud)+20-u)(A-pf)
~Atopi/ (1 1)(1— p?) 0o (P — B)
—pd(1—p?)cos[2(Pe — )]

IF = 14p?+(1—u?)cos[2(Pe — P))]

US = 4 /(1—p2)(1— p?) sin (e — )
—2te(1— p?) sin [2(Pe — Py)]
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Integration of the Stokes parameters

Alo(E,AE) = /dSF/‘dEI(E)

AQo(E,AE) = /dSF /dE[Q(E)cosZHJ—U(E)sinZW}

AU (E, AE) /dSF/dE [Q(E)sin2w+ U (E ) cos 2V
AVo(E,AE) — /dSF/dEV(E)

dS =rdrde

F =F(r,p) = g3l ue | — transfer function




Transfer function
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Adding primary radiation

Photon flux from the primary source:

dng(E) _ o> rior
qtao 9 'E

/ 2h
Ogh=1/1-— Zhe | ~ only a few percent

Total intensity measured:

Ng(E) =

lk=14+1g, Ig=ENyg

Primary radiation is unpolarized =- other Stokes parameters
are unchanged = angle of polarization is unchanged



Polarization degree Polarization angle

Polarization degree
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Polarization from the reflected radiation
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Polarization from the reflected radiation

lin="ms» Tout=400
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Polarization from the direct + reflected radiation
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Polarization from the direct + reflected radiation
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Summary

degree of polarization is increasing with energy (in the
studied energy range)

iron edge is visible in energy dependence of degree and
angle of polarization

high dependence of angle and degree of polarization on
height of the primary source and on the inclination of the
observer

Outlook

» investigate the dependence of the polarization on the spin
of the black hole
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