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SDSS J094533.99+100950.1 is an example of a weak line quasar (WLQ). Two hypotheses explaining the WLQ phenomena are present in the literature: high accretion rate (which is the case
of PHL 1811) or not fully developed broad emission line region (BLR) (which could be due to
the evolutionary state — reactivation phase). What PHL 1811 and WLQ have in common are
very low equivalent widths of the high-ionization emission lines like CIV or HeII, typical iron
emission, radio quiescence and X-ray weakness. The explanation of the atypical quasar properties could be a super-Eddington accretion rate. In addition, the ionizing radiation source can be
obscured by a wind or other medium on its way to the BLR. Another possibility is that due to
the evolution of the active phase in AGN the emitting matter can have unusual properties. The
BLR could not be fully developed in the state before the wind is launched, thus occupying a compact region. To resolve the puzzle, spectral analysis, photoionization simulations, accretion disk
continuum fitting and black hole spin estimation have been done.
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Figure 1: The restframe spectrum of SDSS J094533.99+100950.1 corrected for Galactic reddening (red
line), its fitted, underlying continuum (blue line) and iron emission (green line). For comparison, in black,
the composite spectrum (no. 3) [9] is shown, scaled to match the SDSS J094533.99+100950.1 spectrum.

Figure 2: The broad band SED of SDSS J094533.99+100950.1. The photometric IR data points (triangles)
come from 2MASS (J,H,Ks colours). Optical photometry (squares) is from SDSS (u,g,r,i,z filters). The
NUV and FUV points (hexagons) are from GALEX. For comparison the line shows the SED from [3].

1. Introduction

SDSS J094533.99+100950.1 is an exceptional quasar. It has extremely weak medium-ionization
(CIII], AlIII) and high-ionization lines (CIV, HeII) but typical FeII emission and near-UV powerlaw continuum [5]. In Figure 1 we present its spectrum compared to a quasar composite from [9].
Although MgII line seems to be weaker than in mean quasar spectra, its width is comparable to
mean quasar line. This allows virial black hole mass estimation. Latest estimation of the black hole
9
mass based on MgII line width and continuum luminosity is M = 2.9+5.5
−1.9 × 10 M (based on [11]
formulas) thus ṁ = 0.17.
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Figure 3: The contour errors for the Kerr parameter, a, the accretion rate, ṁ, and the black hole mass,
M = 3 × 109 M . The star indicates the position of the best fit solution, and dashed lines show the best fit
values of the cosine of the disk inclination.

2. Fitting an accretion disk continuum
The opt-UV continuum is soft and accretion-disk-like. We plot photometric points together
with the QSO SED in Figure 2. Authors in the [2] have fitted an accretion disk continuum around a
Kerr black hole and put constraints on its parameters. For M = 2.7 × 109 M they obtain moderate
spin value, a = 0.46, accretion rate consistent with estimation from MgII line, ṁ = 0.135, and low
inclination, cos i = 0.972. Figure 3 shows an example of the χ 2 color-map, dashed lines indicates
cos i.

3. Photoionization simulations
To perform photoionization-based BLR parameters estimation we used Cloudy code [4]. As
an initial input we used observed continuum parametrized as:




hν
hν
αUV
fν = A ν
exp −
exp −
+ B ν αx
(3.1)
k TBB
k TIR
with the following AGN parameters: TBB = 40000 K, αUV = 0.77, and assumed X-ray spectral
part described by parameters: αox = −1.7, and αx = −1. In the initial setup we assumed solar
abundance.

4. BLR as a single cloud
As we see in Figure 4 all line luminosity ratios meet in a compact region (intersections of solid
lines at log nH [cm−3 ] ≈ 11, log r[cm] ≈ 18). Absolute line luminosities agree quite well except one
line (HeII could be underestimated), however MgII line could be overestimated (due to blended
FeII emission under MgII). Intersection position almost does not depends on the hydrogen column
density [6].
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Figure 4: The observed relative and absolute lines luminosities as reproduced in simulations in the radius local density plane.

On the other hand derived distance between BH and BLR based on the reverberation mapping
formula by [7]:
log

RBLR
L3000A
= (1.27 ± 0.10) + (0.58 ± 0.10)log 44
lt.days
10 erg s−1

gives log RBLR [cm] = 17.98 and this value agrees well with the preferred location in our single
cloud model.

5. Comparison to disk vertical structure
Simulation of the disk vertical structure was performed based on the code described by [10].
Parameters of the accretion disk atmosphere agrees very well with those preferred by line luminosities — lognH [cm−3 ] ≈ 11, logr[cm] ≈ 18. This supports hypothesis in which BLR is compact
and not fully developed but rather appears as an "expanding" accretion disk atmosphere.

6. Locally Optimally Emitting Clouds
Assuming BLR as a distribution of clouds over a whole parametric space, line luminosity is
computed as integral of a line flux F:
Z Z

Lline ∝

r2 F(r, n) rγ nβ dn dr.

(6.1)

The γ and β for which observed luminosities are reproduced by simulations are shown in Figure 6
It is relatively easy to match all observed line luminosities however it demands γ and β values to
be more extreme than those adopted by [1] and other authors.
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Figure 5: The local hydrogen density distribution along radius, in the disk atmosphere at τ = 2/3, computed
in the accretion disk vertical structure simulations.
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Figure 6: The lines show dependence of the integrated lines luminosities on clouds distribution indexes β
and γ.

7. Summary
The black hole and accretion disk parameters of SDSS J094533.99+100950.1 are within ranges
typical among quasars. Preliminary results of photoionization simulations show that its weak emission lines can be explained by a compact BLR in early developing phase scenario. Agreement
between prefered position and local density in the single cloud model with values derived from
the reverberation mapping formula and the disk vertical structure simulations may support hypothesis of early evolutionary stage in AGN activation process. Another possibility is that in SDSS
J0945+1009 there is more extreme distribution of the BLR clouds than in case of normal quasars.
It is necessary to further investigate how sensitive the result is on the simulation setup and also on
potential inaccuracies in the line fitting (due to blending MgII with Fe). The high accretion rate
scenario, valid for PHL 1811 NLS1 and well explaining its weak lines [8], seems not be the case
of SDSS J0945+1009, as derived accretion rate is rather low.
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