Contrib. Astron. Obs. Skalnaté Pleso 43, 357 – 361, (2014)

The BLR structure and dust torus size of AGN - Implications from photometric and dust reverberation mapping campaigns.

F. Pozo Nuñez^1, M. Ramolla^1, C. Westhues^1, M. Haas^1, R. Chini^{1,2}, K. Steenbrugge^{2,3}, R. Lemke^1 and M. Murphy^2 1 Astronomisches Institut, Ruhr–Universität Bochum, Universitätsstraße 150, 44801 Bochum, Germany 2 Instituto de Astronomía, Universidad Católica del Norte, Avenida Angamos 0610, Casilla 1280 Antofagasta, Chile 3 Department of Physics, University of Oxford, Keble Road, Oxford OX1 3RH, UK Received: November 9, 2013; Accepted: November 29, 2013

Abstract. Photometric reverberation mapping (PRM) is a novel method used to study the geometry of the broad emission-line region (BLR), black hole masses and host-subtracted luminosities of active galactic nuclei (AGN). We obtained high-quality sampling data with small (15 to 80 cm) robotic telescopes at the observatory of the Ruhr-University Bochum, located in the Atacama desert in Chile.

Key words: galaxies: active –galaxies: Seyfert –quasars: emission lines –galaxies: distances and redshifts –galaxies: individual: ESO399-IG20 –galaxies: individual: 3C120 –galaxies: individual: WPVS48

1. Introduction

PRM has been presented as an efficient tool to determine the BLR size, black hole masses and host-subtracted AGN luminosities (Haas et al. 2011; Pozo Nuñez et al. 2012, 2013a). Through the combination of broad and narrow-band data we measured the time-delay between the triggering AGN continuum variations and the emission line response in the BLR. A fundamental issue in PRM is to separate the host-galaxy contribution from the total AGN-luminosity. This can be achieved by the flux variation gradient method (FVG, see Pozo Nuñez et al. 2012 and its application on PRM data). This method can be easily applied to monitoring data and does not require high spatial resolution. In this paper we present a study of the BLR and dust torus geometry based on well-sampled PRM campaigns. We discuss the position of the objects in the BLR size – AGN luminosity diagram, and deviations of Seyfert-1 galaxies from the M_{BH} − σ_∗ relation.

2. Observations

Optical and near-infrared monitoring campaigns were carried out using multiple robotic telescopes (15 to 80 cm) located at the Universitätssternwarte Bochum observatory, near Cerro Armazones in Chile^1. In addition to the photometric observations, spectroscopic monitoring were carried out using the Calar Alto Faint Object Spectrograph (CAFOS) instrument at the 2.2 m telescope on Calar Alto observatory, Spain.

3. Optical light curves and BLR geometry

Figure 1. Left: 3C120 lightcurves 2009 – 2010, Hβ = NB − 0.5 V . Right: ESO399-IG20 lightcurves 2011, Hα = SII − 0.3 r.

The light curves of 3C120 and ESO399-IG20 (Fig 1) were obtained with a median sampling of 2-3 days in the B-band (Johnson 4330 ± 500 Å), V - band (Johnson 5500 ± 500 Å), r Sloan-band (6230 Å), the redshifted Hβ (OIII 5007 ± 30 Å) and Hα (SII 6721 ± 30 Å ) lines. In the case of 3C120, the V band flux corresponds to ∼ 56% of the narrow band flux. Thus, we computed a Hβ light curve by subtracting a scaled V curve from the NB curve, i.e. Hβ = NB − 0.5 V (see Pozo Nuñez et al. 2012). For ESO399-IG20, the Hα line is contributing about 70% of the total flux enclosed in the SII-band, while the continuum contribution (r-band) is about 30%. Thus, we construct a Hα light curve by subtracting a third of the r-band flux, i.e. Hα = SII − 0.3 r (see Pozo Nuñez et al. 2013a). The continuum subtracted Hβ and Hα light curves are used afterwards to estimate the BLR size through cross correlation analysis. Correcting for the time dilation factor we obtain a rest frame lag τ_{rest} = 23.6 ±1.7 days for 3C120 and τ_{rest} = 18.2 ±2.29 days for ESO399-IG20.

1http://www.astro.ruhr-uni-bochum.de/astro/oca/

Figure 2. Left: Simulated Hα for ESO399-IG20. Disk-like BLR geometry, different inclinations in different colors. Black dotted the Hα simulated light curve for a spherical BLR. Original (black crosses). Right: Simulated Hβ light curve for 3C120. Original Hβ (blue filled circles). Original (red dotted line).

We have inferred the geometry of the BLR through the direct modeling of the results obtained from PRM. The observed continuum light curve was convolved with the time-delay function for the respective disk and sphere geometry to simulate the expected Hα/Hβ light curves (see Pozo Nuñez et al. 2013a,b). The results of the simulation are shown in Figure 2. A disk-like BLR model is able to reproduce the features of the original light curves. (Inclination of i=6^∘±3^∘ for ESO399-IG20, i=10 ± 5^∘ for 3C120)

4. The BLR size - luminosity relationship

Estimates of the BLR size and host-galaxy subtracted AGN luminosity in the literature have been derived from several spectroscopic RM campaigns and through host-galaxy modeling using high-resolution images from HST . In consequence, the relationship between the Hβ BLR size and the luminosity (5100Å) R_{BLR} ∝ L^α (Kaspi et al. 2000) has been improved considerably with the most recent slope of α = 0.519^{+0.063}_{−0.066} (Bentz et al. 2009). In Pozo Nuñez et al. 2012 we compared the results of PRM to those of spectroscopic RM in 3 objects (Fig 3). To refine the R_{BLR} − L relation, the host galaxy contribution has to be removed. For this purpose, the FVG method can be efficiently applied directly to the PRM monitoring data (see Fig 3).

5. Central black hole mass and the scaling factor of geometry for 3C120

Combining the velocity dispersion of the BLR gas (σ_V ) with the BLR size allows us to estimate the virial BH mass using M_{BH} = f · R_{BLR} · σ^2_V /G, where G is the gravitational constant and the factor f depends on the geometry and kinematics of the BLR. By assuming that AGNs and quiescent galaxies follow the same M_{BH} − σ_∗ relationship, Onken et al. (2004) showed that the scaling

Figure 3. Left: FVG diagram for 3C120, dashed lines – range of host slopes determined by Sakata et al. (2010), intersection (red area) gives the host galaxy flux Right: Hβ BLR-size versus host-subtracted AGN luminosity.

factor (f) has on average a value of 5.5. The fact that 3C120 has a disk-like BLR geometry with i = 10 ± 5 deg allows us to calculate a precise value for the scaling factor, f =^{2·ln 2}_{sin2 i} = 46. This value is about eight times higher than the statistical value obtained by Onken et al. (2004). In Pozo Nuñez et al. (2012) we estimated a virial mass M_{virial} = 10±5·10^6 M_⊙. Using our M_{virial} as conservative approach and f = 46 the resulting black hole mass of 3C120 is M_{BH} = 460 · 10^6 M_⊙. If this result of a disk-like BLR holds for Seyfert galaxies in general, then the determination of the f-factor used in black hole mass calculations can be remarkably improved. We find a strong deviation of 3C120 from the M_{BH} −σ_∗ relation, which needs to be explained with future data. A detailed discussion and potential scenarios that could explain this important deviation can be seen in Pozo Nuñez et al. (2013b).

6. Near infrared light curves and dust torus size

Between 2013 January and May, we performed photometric RM of the Seyfert-1 galaxy WPVS 48 at redshift z = 0.0377. The B light curve of WPVS 48 show sharp continuum variation. After having realized the optical variations, end of 2013 March we started to measure the J and K light curves (Fig. 5). The NIR echo lags the triggering B-band variations by about 72 days. Strikingly, the dust echo is as sharp as the triggering variations. Likely explanations are: 1) The hot (1500 K) dust emission, if optically thin, comes from a nearly face-on dust torus with a small covering angle, and 2) If optically thick at J and K, we see only the surface of the dust torus with a convex geometry or a puffed-up inner rim (Pozo Nuñez et al. 2013c in preparation).

Figure 4. B- and K-band light curves of WPVS48 (blue and red colored). The B-band flux decline and rise in February 2013 correlates with decline and rise in the K-band light curve shifted back by ∼72 days (black).

Acknowledgements. This publication is supported as a project of the Nordrhein- Westfälische Akademie der Wissenschaften und der Künste in the framework of the academy program by the Federal Republic of Germany and the state Nordrhein- Westfalen.

References

Baldwin, J., Ferland, G., Korista, K., & Verner, D. 1995, Astrophys. J., Lett., 455, L119 Bentz, M. C., Peterson, B. M., Netzer, H., Pogge, R. W. and Vestergaard, M.: 2009, Astrophys. J. 697, 160 Haas, M., Chini, R., Ramolla, M., Pozo Nuñez, F., Westhues, C., Watermann, R., Hoffmeister, V. and Murphy, M.: 2011, Astron. Astrophys. 535, 73 Kaspi, S., Smith, P. S., Netzer, H., Maoz, D., Jannuzi, B. T. and Giveon, U.: 2000, Astron. J. 533, 631 Kollatschny, W.: 2003, Astron. Astrophys. 407, 461 Onken, C. A., Ferrarese, L., Merritt, D., Peterson, B. M., Pogge, R. W., Vestergaard, M., and Wandel, A.: 2004, Astrophys. J. 615, 645 Pozo Nuñez, F., Ramolla, M., Westhues, C., et al. 2012, Astron. Astrophys., 545, A84 Pozo Nuñez, F., Westhues, C., Ramolla, M., et al. 2013a, Astron. Astrophys., 552, A1 Pozo Nuñez, F., Bruckmann, C., Ramolla, M., et al. 2013b, submitted to Astron & Astrophys. arXiv:1309.7873 Pozo Nuñez, F., Ramolla, M., Haas, M., et al. 2013c, in preparation Sakata, Y., Minezaki, T., Yoshii, Y., et al. 2010, Astrophys. J., 711, 461