Role of the emission angular directionality in the spin
determination of accreting black holes with broad ironsine
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We discuss the method to determine the spin of black holesriptoging the broad relativistic iron line profiles in the &y domain. The precision of the
spectral fitting procedure could be compromised by an ir@mmte account for the angular distribution of the discssmin. An isotropic distribution or a
particular imb-darkening law have been frequently asslirahough some radiation transfer computations exhi#raission excess towards grazing angles
(limb-brightening). We perform radiation transfer congtidns of an X-ray irradiated disc atmosphere to constrardirectionality of the outgoing X-rays
In the2—10 keV energy band. We study how sensitive the spin deternonadito the assumptions about the intrinsic angular distion of the emission.

Approximations to the angular emission profile

We set the Intrinsic line emissivity of the planar disc to

the following angular profiles:

with the dependence on the disc radius being a powerRaw) = r_ 9. The

three cases correspond, respectively, to the limb-bngteisotropic, and limb-
darkened angular profiles of the line emission. We defineithle-brightening
profile as an emission excess at high-inclination (diszg angles in com-

Case 1:

Case2: M(u.) =<1

Case 3:

parison with the isotropic case.

The angular emission profile of a detailed reprocessing mode

The directional distribution of the intrinsic emissivity the reprocessing model
IS shown In the right panel of Figure 1. The Monte-Carlo radratransfer

codeNOAR (Dumont et al., 2000) was used for the case of “cold” reflegtio
l.e. for neutral or weakly-ionised matter, at constant dgnsree-free absorp-
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Procedure and results

We implemented the numerical results of theAR modelling as the newyL 2CR model Iin theky col-
lection of xsPEC models (Doeiak, 2004). Furthermore, we produced an averaged medel3CR, by
Integrating thekyL 2CR tables over all anglesA posteriori, KYL 3CR can be equipped with an analytical
prescription for the angular dependence (Cases 1-3 in edhig approach allows us to switch among the
three prescriptions for comparison and fast evaluation.

In order to compare the performance of the aforementionptbaphes, we generated artificial data using a
POWERLAW + KYL 2CR model iInxspPeEC The parameters are: photon index of the powerllaw 1.9 and

Its normalisationk = 0.01, spin of the black hole, inclination angle),, inner and outer radii of the disc
rn, = Tms @andry = 400, Index of the radial dependence of the emissivity 3, and normalisation of the
reflection componenky,;»., = 0.1. We simulated the data for two different values of the spir; 0.7 and

a = 0.998, and for the inclination angles = 30° andéd, = 60°. We used a preliminary response matrix for
the future IXO (International X-ray Observatory) misside chose the flux at a level that corresponds to
bright Seyfert 1 galaxies observed by current X-ray saslliThe total flux depends on the extension of the
disc and its inclination. Its value is9 — 5.6 x 10~ ergcnt? s~ for our choice of the parameters.

We then fitted the simulated data byawERLAW + KYL 3CR model searching back for the best-fit results.
In this way, we obtained the values of the spin and the intbnaangle for different directionality. The

fitting results are summarised in Table 1, and contour graphsversusy, are shown in Figure 2. Besides
the spin and the inclination angle, only the normalisatibthe reflection component was allowed to vary

tion and recombination continua are taken into account, @lsas direct and  q,,jnq the fitting procedure. The remaining parametersehtodel were kept frozen at their default values.

iInverse Compton scattering. A continuum photon indek e:
flux is Integrated over tha-100 keV range. The&lOAR code enables us to obtain
the angle-dependent intensity of the reprocessed emisaltdrough the results
of the radiation transfer computations do show a limb-ldaging effect, it is a

rather mild one, and not as strong as for the Case 1.
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Figurel. Left: directional distribution of the intrinsic emissiyi(Cases 1-3). Right: an example
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of the directional distribution from the numerical compgudas (Svoboda et al., 2009).

Casel Case?2 Case3

At — 0.7, (9f = 30°

a 0.607042 0.697501 0.7600L

0, [deg] 29.870% 29.7703% 29.6707%

/v | 133 127  1.39
af = 07, (9f — 00°

a 0.657002 0.737003 0.82702

0, [deg] 60.0°%5 60.00% 60.37]

/v | 1.87 100  1.48

Table 1. The best-fit spin and inclination angle values inferredtlh@ three cases of the direc-
tionality in thekyL 3cR model. The data were generated usingklie 2crR model. The quoted
errors correspond to a 90confidence level.
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1.9 1s set and the

Case 2 Case 3

At — 0.998, (9f = 30°

a 0.956 500 1 5 1 s
0, [deg] 29.970% 20.55)3 28.703
X*/v | 130 158 508

ar = 0.998, 6 = 60°

a 0982090002 140 1L
0, [deg] 59.970% 60.170% 60.21 )
Ay | 124 102 251
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Figure 2. Fitting aPOWERLAW + KYL 3CR model to simulated IXO data that were generated WGWERLAW + KYL 2CR.
Results for three different profiles of the emission dir@aality are shown — left: limb-brightening, middle: isqtro, right: limb-
darkening. The contour lines refer to the2, and3 sigma levels. The position of the minimal value\gfis marked with a small
cross. The values of? corresponding to the minimum and to the contour levels apeshin a legend at the top of each contour
graph. The large crosses indicate the position of the filualaes of the angular momentum and the emission angle.

Conclusions References

The black hole spin measurements using the X-ray specpgsddhe rela-
tivistically broadened line depend on the employed de@iniof the angular
distribution of the disc emission. The suitability of thatmaular direction-
ality prescription depends on the fiducial values of the gmd the Incli-
nation angle; but, on the whole, the isotropic directiagaduits to the best
precision to our simulated “cold disc” data. Our simulatamth the ten-
tative IXO response show a significant improvement that asligtively
enhance the accuracy of spin determination.
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