Polarization of Ravileigh Scattered Lva in Active Galactic Nuclei

Seok-Jun Chang'’, Hee-Won Lee” and Yujin Yang <
'Department of Physics and Astronomy, Sejong University, Seoul, Korea
2Korea Astronomy and Space Science Institute, Daejon, Korea

I. Abstract

Active Galactic Nuclei (AGNs) are characterized by a non-thermal continuum and many prominent emission lines. AGNs are usually classified by Type 1 and
Type 2, where Type 1 AGNs exhibit both broad and narrow emission lines. In contrast Type 2 AGNs show only narrow emission lines. AGN unification model
assert that all ANGs have both broad and narrow line regions with an optically thick molecular torus outside the broad line region hiding it from view of low
latitude observers. Assuming the presence of high column neutral hydrogen in the molecular torus region, we propose that far UV radiation around Lya will be
significantly polarized through Rayleigh scattering. Adopting a Monte Carlo technique we compute fluxes and degrees of linear polarization Rayleigh scattered
Lya in a slab region and a torus region. Due to the enormous range of scattering optical thickness dependent on the wavelength we obtain a number of
interesting cases where polarization flip occurs as the wavelength varies from the line center to the far wing regions. We conclude that Rayleigh scattering
may induce uniquely polarized Lya distinguishable from other emission lines, which will shed much light on the unification models of AGNs.
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1.  AGNs are characterized by a non-thermal and featureless Selulluiit Siizeditheiv:e iy | | |
continuum with prominent broad and narrow emission lines Super Massive Black Hole — Non-thermal continutn ® Far UV photons around Lyman series excite hydrogen atoms in the ground
that cover wide range of ionization and excitation. state.
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2. Type 1 AGNs have broad permitted lines and semi- Broad Line Region (BLR) w/.ﬁ;"gg f’;’;so'gz ”{7: ® The excited hydrogen atom may de-excite into an excited state resulting in
forbidden lines with a width of 5,000km/s. They also exhibit - reemission of a lower energy photon, which is called Raman Scattering.
forbidden lines that are narrow with a width ~500km/s. Narrow Line Region (NLR) — Narrow emission line, If the de-excitation is made into the ground state, then result is an elastic
o width of ~500km/s scattering, which is also called Rayleigh scattering.
3. Type 2 AGNs show only narrow emission lines.
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4. The hardness of X-ray spectra of Type 2 AGNs is larger Optically Thick Molecular — Obscuring BLR, Lyq can be_ dominantly Rayleigh scattered_b;_/ ato_mlc hydrog_en gnd also
than Type 1 AGNs Torus Rayleigh scattering of Lya optically thick. Therefore, Lya may show distinguished polarization compared
with other hydrogen and metal lines.
Ill. Scattering Geometry V. Torus Model
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In the torus model, we assume an isotropic source and Fig. 8 Flux and Polarization in a Tall Torus, A =2 Fig. 9 Flux and Polarization in a Short Torus, A = 1

set R, = 2R;,A ="/ and Ny; = ny; (R, — R;). . e L .
‘ ® Ve consider two torus models with differing A = H/Ri and overplot flux and degree of polarization for various
values of Ny;.
® An interesting feature is positively pol arized (polarized along the equatorial plane) central part in the case of
the tall torus (A = 2). They escape the tall torus through repeated scattering on the inner wall resulting In
electric field relaxed in the direction perpendicular to the z-axis.
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® \We collect Rayleigh scattered photons and compute the flux and degree of polarization by slab. Fig. 5 shows
transmitted spectra and degree of polarization according to emergent direction
u, = (0.9 —1.0),(0.4 — 0.5),(0.0 — 0.1), and the Fig. 6 shows the same data for Rayleigh reflected radiation.
® In the wing parts where the Rayleigh scattering optical depth is low, the slab geometry exhibits symmetry - -
between transmitted and reflected radiation. VI' Summary and DISCUSSIOI‘I
® Transmitted radiation shows a central dip that is very weakly polarized. Reflected radiation exhibits central

minimum in the degree of polarization that results from multiple scattering effects. However, in the reflected ® Using a Monte Carlo technique we investigated the polarized transfer of Lya
radiation, the single scattered and therefore highly polarized component persists in the line center region. Rayleigh scattered in AGN
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Fig. 7 Total Degree of Polarization in Slab Geometry
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® \We predict that Type 2 AGNs may exhibit more strong polarization around Lya.




