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Multiwavelength observations of TANAMI sources
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The TANAMI VLBI program is monitoring a sample of 84 Active Galactic Nuclei of the Southern
Sky at 8.4 and 22 GHz. The combination of VLBI and multiwavelength data allows us to study
changes in the spectral energy distributions, as well as changes in the structure of the inner jets
and to search correlations between both.
We present initial results of the multiwavelength analysis of a sub-sample of the TANAMI
sources, combining our radio data with simultaneous X-ray and optical/UV observations from
Swift and XMM-Newton , and gamma-ray data from Fermi , focusing on the broadband spectral
energy distributions as well as variability in different wavebands.
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1. Introduction

Active galactic nuclei (AGN) have been studied for over 100 years, however, many questions
about their evolution and emission mechanisms remain to be answered. VLBI measurements can
resolve emission regions on milliarcsecond scales which correspond to projected length scales of
very few thousand Schwarzschild radii from the central black hole for close AGN. Our goal is to
study the emission mechanisms of jets. We combine VLBI radio data with multiwavelength data
from other instruments such as the Swift Gamma-ray Burst mission and the Fermi Gamma-ray
Space Telescope. We use quasi-simultaneous data in order to establish a catalog for spectral energy
distributions of a large sample of sources.

2. The TANAMI Project

Tracking Active Galactic Nuclei with Austral Milliarcsecond Interferometry (TANAMI) is a
VLBI program monitoring a sample of sources south of -30 degrees declination since 2007, com-
plementary to the MOJAVE project [7] on the Northern Hemisphere. The initial sample of 43
sources has been expanded to 84 since the launch of Fermi in 2008 [10]. These sources are mon-
itored every ∼3 months at 8.4 and 22 GHz [12]. Figure 1 shows a map of the Southern Sky with
the location of the TANAMI array. TANAMI is using the Australian Long Baseline Array (LBA+)

Figure 1: Map of the Southern Hemisphere showing the locations of the radio telescopes in the TANAMI
Project.

with the antennas Parkes (64m), ATCA (5×22 m), Mopra (22 m), Hobart (26 m), Ceduna (30 m)
and the associated antennas Tidbinbilla (DSN 70 m or 34 m), the IVS antennas TIGO (6 m, Chile)
and O’Higgins (9 m, Antarctica), Hartebeesthoek (26 m, South Africa) and Warkworth (12 m, New
Zealand). For a detailed discussion of the TANAMI data and analysis see also [8].
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3. Fermi /LAT light curve analysis and spectra

AGN are very variable across the whole electromagnetic spectrum. Information about the
source state is important to be able to create broadband spectra. The Fermi satellite is continuously
monitoring the sky at γ-ray energies since its launch in 2008. Fermi observes in the 30 MeV to
300 GeV band [1]. This allows us to obtain light curves for all Fermi /LAT detected sources (C.
Müller et al., in prep). 55 of the TANAMI sources have been detected by Fermi /LAT [4, 9]. As the
Fermi analysis is still ongoing we used the public light curves which are available online. These
light curves allow us to identify high and low states of a source.

The γ-ray bright object PKS 0537-441 shows strong variability in all wavebands. Figure 2
shows its γ-ray light curve including a bright flare in 2010. The colored areas show the time ranges
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Figure 2: Identifying source states in the Fermi light curve of PKS 0537-441

used for creating quasi-simultaneous broadband spectral energy distributions (SEDs). The purple
time range was identified as a high state, the blue area as an intermediate state and the gray area as
a low state of the source.

The light curves show that quasi-simultaneous data are necessary for broadband spectra. Here
we used spectral γ-ray information from the LAT 2-year point source catalog which contains flux
information summed over the first 2 years of Fermi . The energy range of these spectra are in the
30 MeV – 300 GeV Band. In the future we plan to create quasi-simultaneous spectra using Fermi
data only in the time ranges given by the source state.
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4. Multiwavelength Spectral Energy Distributions

The broadband spectral energy distribution (SED) for PKS 0537-441 has been created from
quasi-simultaneous TANAMI data (Kadler et al., in prep.) as well as Swift data (Optical/UV and
X-ray) [5, 6]. The optical data have not been corrected for reddening and the Fermi /LAT data have
not been corrected for the Extragalactic Background Light (EBL) absorption. In order not to falsify
the data, the optical and X-ray data are not unfolded but modeled in detector space. The modeling
of the SEDs with log parabolas is still ongoing and will be presented in a TANAMI SED catalog
(Krauß et al., in prep.).
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Figure 3: Spectral Energy Distribution of PKS 0537-441 including non-simultaneous 58-month Swift /BAT
and 2FGL Fermi /LAT data

The colors of the TANAMI, Swift /UVOT and Swift /XRT data in Figure 3 correspond to the
colors used for identifying the source states in Figure 2. This figure also includes Swift /BAT data
from the 58 month catalog [2, 3] and the Fermi data from the publicly available 2FGL catalog.
[11]. The Swift /BAT and the Fermi data are not simultaneous as both data sets are summed over
a large time range. Figure 3 also shows the variability that has been seen in the light curve. This
is very apparent in the optical regime. The SED shows the double humped spectral form that is
usually seen in blazars.

The low-energy peak is generally interpreted as synchrotron emission of electrons being ac-
celerated in magnetic fields. The high-energy peak is usually associated with Synchrotron Self-
Compton (SSC) emission. An alternative are hadronic or lepto-hadronic models. Spectral prop-
erties can be connected to the TANAMI VLBI information with two analysis methods. High-
resolution images at two frequencies can be used to created spectral index maps of jets to pin down
emission regions which are possible emission sites for γ-rays [8]. The continuous monitoring of
the sources at radio and γ-ray frequencies allows us to study the radio-γ-ray connection even fur-
ther. The ejection of jet features, revealed as traveling features at milliarcsecond resolution can
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be correlated with high states seen by Fermi and possible frequency-dependent time lags can be
discerned [13].

5. Results and future work

We have given a short overview of the TANAMI project and presented initial results of a mul-
tiwavelength study of southern jets. This includes quasi-simultaneous broadband spectral energy
distributions using TANAMI, Swift /UVOT and Swift /XRT data. Non-simultaneous Swift /BAT
and Fermi data have been added to the spectral energy distributions. Analysis of the publicly avail-
able Fermi light curves show the need for quasi-simultaneous coverage in all wavebands in order
to study the different source states. Blazar variability and spectral energy distributions have to be
studied in detail in the future and applied to a large source sample.

For a better understanding of the emission mechanisms of jets in active galactic nuclei more
simultaneous multiwavelength campaigns are needed.
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