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Abstract. Fossil galaxy groups are energetically and morphologically ideal environments to
study the intergalactic medium (IGM) heating, because their inter-galactic gas is undisturbed
due to the lack of recent group scale mergers. We study the role of active galactic nuclei (AGN)
in heating the IGM in a sample of five fossil galaxy groups by employing properties at 610 MHz
and 1.4 GHz. We find that two of the dominant galaxies in fossil groups, ESO 3060170 and RX
J1416.4+2315, are associated with the radio lobes. We evaluate the PdV work of the radio lobes
and their corresponding heating power and compare to the X-ray emission loss within cooling
radius. Our results show that the power due to mechanical heating is not sufficiently high to
suppress the cooling.
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1. Introduction
Loss of energy through X-ray emissions in galaxy cluster cools down the inter-galactic

gas produces a sharp surface brightness pick and temperature drop at the core (Peterson
& Fabian 2006). The X-ray observations of galaxy clusters by Chandra and XMM-Newton
show no sign of gas below ∼keV . Among different heating mechanism proposed up to
now, AGNs are introduced as the main and the most promising heating sources (Gitti
et al. 2012). Due to the complex nature of the galaxy groups, which are subject to
both group scale mergers and galaxy-galaxy mergers, the share of the AGN in the IGM
heating can not be estimated accurately. For this study, we observed a sample of well-
known fossil groups with prior high-quality X-ray observations with the Giant Metrewave
Radio Telescope (GMRT) at 610 MHz and 1.4 GHz. A fossil group is dominated by a
giant elliptical galaxy at the centriod of group X-ray emission. Their extended luminous
X-ray emission is regular and symmetric indicating the absence of recent group scale
mergers (Jones et al. 2003). The main goal is the study of intergalactic medium heating
in fossil galaxy groups, giving prominence to AGNs heating powers via the detection of
radio bubbles at low frequencies.
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Figure 1. The 1.4 GHz (top-left) and 610 MHz (top-right) radio map of J1416, overlaid on DSS
image of the central galaxy. The 1.4 GHz (bottom-left) and 610 MHz (bottom-right) radio map
of ESO 3060170, overlaid on high resolution HST image of the central galaxy

2. Estimate of Mechanical Heating
The sample consists of 5 fossil systems, adopted from Khosroshahi, Ponman & Jones

2007. In two cases, ESO 3060170 and J1416, we observe radio lobes extended to about
4 and 28 kpc from the central source respectively. The lobes are detected clearly in 610
MHz for both sources but in 1.4 GHz, radio lobe is only visible for ESO 3060170 (Fig. 1).
So the results corresponds to duty cycle of 40% (2/5) for AGN activity in galaxy groups.

We define two cooling radius within which the X-ray loss are determined. First the
radius that cooling time falls below the Hubble time called Rc and second the radius at
which the temperature drops indicating cool core, Rcc (Rcc < Rc). To calculate heating
rate of radio bubbles, we adapted three different time scales introduced by Birzan et al.
(2004) and the over pressure factors of 2 and 10 for the expanding bubble (Jetha et al.
2008). For ESO 3060170, mechanical power changes from 0.5 to 5.3×1042ergs−1 applying
different time scales and over pressure factors. Although this is quite sufficient to stop
cooling within the Rcc with X-ray loss of ∼1041ergs−1 , it is not comparable to the X-
ray loss within Rc , with Lx∼1043ergs−1 . We obtained the same result for J1416. The
mechanical luminosity of radio lobe is 0.2-1.2 ×1043ergs−1 , enough to quench cooling rate
within Rcc (Lx = 2.8×1042ergs−1) but not sufficient to balance the cooling at higher
radius (Rc) with X-ray luminosity of 2.5×1043ergs−1 .
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