arXiv:1112.5813v1 [astro-ph.HE] 26 Dec 2011

AGN Population Studies for CTA

Yoshiyuki Inoue for the CTA Consortium Department of Astronomy, Kyoto University, Kitashirakawa, Sakyo-ku, Kyoto 606-8502, Japan E-mail: yinoue@kusastro.kyoto-u.ac.jp

Following the great success of the current Imaging Atmospheric Cherenkov Telescopes, the next generation gamma-ray telescope arrays, Cherenkov Telescope Array (CTA), is being prepared. CTA will have an order of magnitude higher sensitivity and wider energy range than current instruments. Large samples of very high energy (VHE; > 30 GeV) sources will be obtained with CTA. Here we discuss potential AGN population studies for the CTA era concerning the overall source counts and the statistics of high redshift sources. Based on our latest blazar gamma-ray luminosity function (GLF) model, we find that CTA will detect ∼ 50 and ∼ 160 blazars with 1 year and 10 years of blank field sky survey, respectively. CTA is also expected to find a blazar at z ∼ 1.4 (∼ 20 blazars above z = 1) based on the blazar GLF. Furthermore, we also examine the detectability of high redshift Fermi blazars. By extrapolating the Fermi blazars’ spectra with a power-law, we find that CTA has a capability to detect a Fermi blazar at z = 2.49.

AGN Physics in the CTA Era - AGN2011, May 16-17, 2011 Toulouse, France

© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

1. Introduction

Following the great success of the current Imaging Atmospheric Cherenkov Telescopes (IACTs), the next generation gamma-ray telescope arrays, Cherenkov Telescope Array (CTA), is being prepared [1]. It is designed to have an order of magnitude higher sensitivity and wider energy range compared to arrays.

Current IACTs have already found ∼100 very high energy (VHE) sources, including more than 40 blazars up to redshift z = 0.536^1. Blazars, a class of active galactic nuclei (AGNs), are the dominant population in the extragalactic gamma-ray sky. Almost all of the extragalactic sources detected by EGRET and Fermi are blazars [2, 3]. In the CTA era, it is naturally expected that the number of blazars detected in the VHE range increases dramatically and that a much deeper VHE universe will be explored. Therefore, it would be possible to carry out a population study of VHE blazars with CTA, which would provide a crucial key to understanding AGN populations, high-energy phenomena around supermassive black holes in AGNs, the cosmological evolution of AGNs, and the distribution of the Extragalactic background light (EBL).

The purpose of this paper is to consider the prospect of future blazar surveys by CTA. For this purpose, the blazar gamma-ray luminosity function (GLF) and spectral energy distribution (SED) are needed. The blazar GLF has been studied in detail in many papers (see e.g. [4, 5]). A new blazar GLFs [4, 5] has recently developed on the basis of the latest determination of the X-ray luminosity function of AGNs [6, 7] featuring a so-called luminosity density evolution. Another new feature of these GLFs is taking into account the blazar SED sequence. The blazar sequence is a feature seen in the mean SED of blazars that the synchrotron and inverse Compton (IC) peak photon energies decrease as the bolometric luminosity increases [8, 9]. The key parameters in GLF have been carefully determined to match the observed flux and redshift distribution of EGRET blazars by a likelihood analysis. Predictions for the Fermi mission are in good agreement with the recent Fermi observed data [5, 10].

We utilize the model by [5] to predict the expected number and distributions of physical quantities of VHE blazars in a future CTA sky survey. We also discuss the expected high redshift blazar studies by CTA based on the first year Fermi source catalog. Throughout this paper, we adopt the standard cosmological parameters of (h,Ω_M ,Ω_Λ) = (0.7,0.3,0.7).

2. VHE Blazar Survey with CTA

There are various survey modes for VHE blazars such as a blank field sky survey and a followup survey for selected targets at other wavelengths. Here we mainly consider the case of a blank field sky survey mode following [5]. It enables us to find VHE sources without any biases from other wavelength observations. It should be noted that there is already a class of blazars which is not detected by Fermi but by current IACTs such as 1ES 0229+220 [11]. In the CTA era, the number of such sources is expected to increase. This kind of sources will be a new key to understanding the VHE gamma-ray emission mechanism in AGN jets, since the deabsorbed spectrum appear unusually hard which poses challenges to conventional acceleration and emission models (see e.g.

1http://www.mpp.mpg.de/%7Erwagner/sources/ http://tevcat.uchicago.edu/

Figure 1: Expected cumulative source counts as a function of the integral gamma-ray flux of VHE blazars. The five panels correspond to different photon energies, as indicated in the panels. The green curves are in the case of blank field sky survey; the blue curves are in the case of following up Fermi blazars with a sensitivity limit of 3 × 10^{−9} photons cm^{−2} s^{−1} for photon flux above 100 MeV [14]. The intergalactic absorption by EBL is taken into account for the solid curves, but not in the dashed curves. The 5-σ detection limits of CTA for the array configuration E and 50 hr observing time are also shown. The blue solid curve in the panel of 10 TeV is shifted upward artificially by a factor of 1.2 for the purpose of presentation, because the blue solid and green solid curves totally overlap with each other. The horizontal thin solid line is the total expected number of Fermi blazars with the Fermi sensitivity given above.

[12]). Furthermore, they will make a constraint on the intergalactic magnetic field strength by the limits to the expected cascade flux in the GeV energy range [13]. Thus, it is important to carry out an unbiased survey with CTA. The case of following up Fermi blazars is also presented in [5] in detail.

To evaluate the expected outcomes of a survey with CTA, we need a blazar SED model and a GLF model. We utilize the recent GLF model by [5] which takes into account blazar SED sequence [8, 9]. This GLF model is consistent with the very recent Fermi observations [5, 10]. Fig. 1 shows the cumulative source count distributions in the entire sky predicted by [5] above the following five energies of 30 GeV, 100 GeV, 300 GeV, 1 TeV, and 10 TeV as indicated in panels. In this figure, we adopt the EBL absorption model by [15], since gamma-ray photons from the universe suffer from the intergalactic absorption effect. The expected number of blazars will not change significantly when we adopt the EBL model [16], while it will decrease from our prediction when we adopt the model [17]. The differences among EBL models are addressed in [5] in detail. We also show the expected counts in the case of following up the Fermi blazars.

Since observation time is limited, Table 1 shows the expected source counts with 100 hours of total observing time for various survey areas of 40, 400, and 4000 deg^2 using the EBL model [15]. Since the Field-of-View (FoV) of Large Size Telescope of CTA will be ∼ 20 deg^2 [1], we assume

Figure 2: Cumulative redshift distribution of blazars above 30 GeV for each CTA array configuration systems (as labeled in the figure), assuming 50 hr observing time for each object and 20 degree zenith angle observation. The horizontal solid line corresponds to an expected count equal to one.

FoV of CTA to be 20 deg^2. Sensitivities for various observational time per FoV are calculated by using internal CTA tools. CTA will be able to detect ∼ 50 and ∼ 160 blazars with 1 year and 10 years blank field sky survey assuming 1000 hrs of observing time for 1 year, respectively. The results show that a wide and shallow sky survey is favored for a fixed survey time. A wide field survey is expected to lead to discoveries of serendipitous objects.

50 hr/FoV 5 hr/FoV 0.5 hr/FoV Energy range 40 deg^2 400 deg^2 4000 deg^2 >30 GeV 0.36 1.6 5.4 >100 GeV 0.35 1.5 5.2 >300 GeV 0.18 0.83 2.8 >1 TeV 0.06 0.25 0.9

Table 1: Expected blazar source counts for 100 hr blank sky survey by CTA.

3. Distant Blazar Study by CTA

CTA will also probe a deeper VHE universe than current IACTs do. Fig. 2 shows the cumulative redshift distribution of detectable blazars in the entire sky for various CTA array configurations (see [1] for details) predicted using the blazar GLF [5]. CTA will find ∼ 20 blazars above z = 1 and the expected highest redshift will be at z ∼ 1.4 using the EBL model [16]. These blazars will enable us to study the cosmological evolution of VHE AGN populations and to find EBL constraints at high redshift.

Since Fermi is currently observing the entire GeV sky, we also evaluate the detectability of Fermi blazars in the first year catalog [3] using the internal spectrum simulation tool and the EBL

Figure 3: Expected spectrum of 1FGL J1344.2-1723 blazar which is located at z = 2.49, assuming the array configuration B, 50 hr observing time, and 20 degree zenith angle. The red curve shows the intrinsic spectrum without the EBL absorption. The gray curve shows the spectrum of the Crab nebula for comparison. The blue data points show the expected spectral data by CTA including the EBL absorption effects. The expected significance is 9.03-σ.

model [16]. Fig. 3 shows the highest redshift Fermi blazar object at z = 2.49, 1FGL J1344-1723, detectable by CTA with 50 hr observing time including the intergalactic absorption effect. The expected significance above 30 GeV is 9.03–σ with array B. However, we assume a simple powerlaw extrapolation from the Fermi spectrum. Further detailed SED fitting studies are required to validate this detectability. For other sources at high redshift, there are 17 Fermi blazar candidates for CTA above z = 1 with 50 hr observing time for each sources.

4. Discussion and Summary

In this paper, we discussed the expected number of blazars and highest redshift accessible with future CTA observation based on a recent blazar GLF model. For a blank field sky survey, a wide and shallow search will enable us to carry out an efficient survey. CTA will detect ∼ 50 and ∼ 160 blazars with 1 year and 10 years blank field sky survey, respectively. With CTA, we should be able to find a blazar at z ∼ 1.4 (∼ 20 blazars above z = 1). We also estimated the detectable Fermi blazars. By simply extrapolating the GeV spectrum of the Fermi blazars in the first catalog, CTA is expected to detect a blazar at z = 2.49. This will enable us to study the cosmological evolution of VHE blazars.

Although we discussed only blazars in this paper, other classes of AGNs are also expected as potential sources for CTA, such as core emission from radio galaxies [18], kpc jet emission [19], low luminous AGNs [20]. By observing various AGN populations and high redshift sources, CTA will help to unify AGN populations and study the cosmological evolution of the VHE universe.

Acknowledgments

The author thanks the MC group in the CTA collaboration for providing the internal MC tool and D. Mazin for providing a tool for evaluating the expected spectrum by CTA. YI acknowledges support by the Research Fellowship of the Japan Society for the Promotion of Science (JSPS).

References

[1] The CTA Consortium, Design Concepts for the Cherenkov Telescope Array, (2010) [arXiv:1008.3703]

[2] R. C. Hartman, et al., The Third EGRET Catalog of High-Energy Gamma-Ray Sources, Astrophysical Journal, Supplement, 123, 79 (1999)

[3] A. A. Abdo, et al., The First Catalog of Active Galactic Nuclei Detected by the Fermi Large Area Telescope, Astrophysical Journal, 715, 429 (2010) [arXiv:1002.2280]

[4] Y. Inoue, & T. Totani, The Blazar Sequence and the Cosmic Gamma-ray Background Radiation in the Fermi Era, Astrophysical Journal, 702, 523 (2009) [arXiv:0810.3580]

[5] Y. Inoue, T. Totani, & M. Mori, Prospects for a Very High-Energy Blazar Survey by the Next-Generation Cherenkov Telescopes, PASJ, 62, 1005 (2010) [arXiv:1002.4782]

[6] Y. Ueda, M. Akiyama, K. Ohta, & T. Miyaji, Astrophysical Journal, 598, 886 (2003) [arXiv:astro-ph/0308140]

[7] G. Hasinger, T. Miyaji, & M. Schmidt, A&A, 441, 417 (2005) [arXiv:astro-ph/0506118]

[8] G. Fossati, L. Maraschi, A. Celotti, A. Comastri, & G. Ghisellini, A unifying view of the spectral energy distributions of blazars, Monthly Notices of the Royal Astronomical Society, 299, 433 (1998) [arXiv:astro-ph/9804103]

[9] H. Kubo, T. Takahashi, G. Madejski, M. Tashiro, F. Makino, S. Inoue, & F. Takahara, ASCA Observations of Blazars and Multiband Analysis, Astrophysical Journal, 504, 693 (1998) [arXiv:astro-ph/9804031]

[10] Y. Inoue, S. Inoue, M. A. R. Kobayashi, T. Totani, J. Kataoka, & R. Sato, Searching for the most distant blazars with the Fermi Gamma-ray Space Telescope, Monthly Notices of the Royal Astronomical Society, 411, 464 (2011) [arXiv:1007.4379]

[11] A. A. Abdo, et al., Fermi Observations of TeV-Selected Active Galactic Nuclei, Astrophysical Journal, 707, 1310 (2009) [arXiv:0910.4881]

[12] E. Lefa, F. M. Rieger, & F. Aharonian, Formation of Very Hard Gamma-Ray Spectra of Blazars in Leptonic Models, Astrophysical Journal, 740, 64 (2011) [arXiv:1106.4201]

[13] A. Neronov, & I. Vovk, Evidence for Strong Extragalactic Magnetic Fields from Fermi Observations of TeV Blazars, Science, 328, 73 (2010) [arXiv:1006.3504]

[14] W. B. Atwood, et al., The Large Area Telescope on the Fermi Gamma-Ray Space Telescope Mission, Astrophysical Journal, 697, 1071 (2009) [arXiv:0902.1089]

[15] T. Totani, & T. T. Takeuchi, A Bridge from Optical to Infrared Galaxies: Explaining Local Properties and Predicting Galaxy Counts and the Cosmic Background Radiation, Astrophysical Journal, 570, 470 (2002) [arXiv:astro-ph/0201277]

[16] Y. Inoue, et al. in preparation.

[17] T. M. Kneiske, T. Bretz, K. Mannheim, & D. H. Hartmann, Implications of cosmological gamma-ray absorption. II. Modification of gamma-ray spectra, A&A, 413, 807 (2004) [arXiv:astro-ph/0309141]

[18] Y. Inoue, Contribution of Gamma-Ray-loud Radio Galaxies’ Core Emissions to the Cosmic MeV and GeV Gamma-Ray Background Radiation, Astrophysical Journal, 733, 66 (2011) [arXiv:1103.3946]

[19] M. J. Hardcastle, & J. H. Croston, Modelling TeV γ-ray emission from the kiloparsec-scale jets of Centaurus A and M87, Monthly Notices of the Royal Astronomical Society, 710 (2011) [arXiv:1103.1744]

[20] H. Takami,γ-rays as a diagnostic of the origin of core radiation in low-luminosity active galactic nuclei, Monthly Notices of the Royal Astronomical Society, 413, 1845 (2011) [arXiv:1012.5403]