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Overview

• Cen A -- a special type of radio galaxy
• CGRO and Fermi/LAT spectrum
• INTEGRAL: hard X-rays show thermal IC emission?
• Extended feature in Fermi/LAT
• INTEGRAL/SPI view on the extended emission
• Cen A as a prototype?
• Summary

Credits: NOAO/CTIO 4m telescope



Cen A (NGC 5128)

• Radio galaxy, z=0.0018 (3.8 Mpc, Harris et al. 2010)

• Brightest hard X-ray AGN

• f(20-100 keV) = 6·10-10 erg cm-2 s-1 (Beckmann et al. 2009)

• Seyfert 1.5 core, NH = 1023 cm-2 (e.g. Benlloch et al. 2001)

• Weak iron line: EW = 50-160 eV (RXTE; Rothschild et al. 2011)

• Seyfert spectra are supposed to show cut-off in hard X-rays
(inverse Compton scattering of ~10 eV seed photons in hot corona
above disk)

• X-ray spectrum power law (RXTE, early INTEGRAL, CGRO/BATSE,
e.g. Wheaton et al. 1996, Rothschild et al. 2006, 2011) or with cut-off
(CGRO/OSSE/Ginga/HEAO-1, e.g. Baity et al. 1981, Miyazaki et al. 1996)

• No cut-off, no reflection : non-thermal emission? Jet?
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Green: synchrotron/SSC fit;
Blue: decelerating jet model fit (Georganopoulos & Kazanas 2003)
violet: similar fit, but assume that X-rays are thermal Comptonisation;
Abdo  et al. 2010, ApJ, 719, 1433
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Cen A & INTEGRAL

• X-rays jet dominated? Or thermal Comptonisation?
• Implication for all radio galaxies: what is the dominant

component, the jet or the disk?
• INTEGRAL data from 3 - 1000 keV; can we distinguish?
• High-energy cut-off? Comptonisation model?
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Cen A & INTEGRAL
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Cen A & INTEGRAL

Errors are 90% confidence (1.6σ)
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Cen A & INTEGRAL
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Cen A & INTEGRAL

Fermi/LAT

INTEGRAL Chandra image
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Either X-rays and
gamma-rays are
dominated by
different
components…



Cen A & INTEGRAL

Fermi/LAT

INTEGRAL

Dominated by one
non-thermal component?
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…or one non-
thermal
component
dominates both.



The extended source Cen A

Fermi/LAT >200 MeV Chandra X-ray

Left: Fermi/LAT >200 MeV map centred on Cen A after point source subtraction.
Right: 22-GHz radio map (WMPA) blurred to Fermi/LAT resolution.
Abdo et al. 2010, Science, 328, 725

WMAP 22 GHz
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Cen A & INTEGRAL/SPI

Large extension: 3-degrees scale. SPI with 2.5 deg resolution.
Significance map (40-1000 keV) and WMAP radio contours. The
SPI north lobe has only 2.5 sigma significance (SPIROS & CESR
method). F < 0.001 ph cm-2 s-1
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Cen A & SPI

3.5 sigma at 80-400 keV
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The extended source Cen A

Upper limits on the lobes from SPI: f(40-1000 keV) = 0.001 ph cm-2 s-1

WMAP 22 GHz

SED of extended emission regions. Blue: radio measurements at two
distances from the core of Cen A. X-ray upper limits from SAS-3.

Abdo et al. 2010, Science, 328, 725
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Summary

• Extended emission probably not visible in INTEGRAL/SPI
• INTEGRAL hard X-ray spectrum (3 - 1500 keV) can be

modeled by thermal inverse Compton (kT ~ 200 keV)
• Cut-off is highly significant but could be also curvature of

non-thermal emission (weak reflection, weak iron line)

• Jet dominant at gamma-rays
• Transition? MeV observations by CAPSiTT (Lebrun et al. 2011)

or DUAL (von Ballmoos et al. 2010) …
• More examples of gamma-ray bright radio galaxies need

to be studied (see poster G10 on 3C 111 by de Jong et al.)

• How sure are we that we can model the X-rays with
thermal IC alone in most cases? Transition?

• Beckmann et al. 2011, A&A 531, A70
• INTEGRAL picture of the month (POM) July 2011
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